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Preoperative immunotherapy with anti-PD1 plus anti-CTLA4
antibodies has shown remarkable pathological responses in
melanoma’and colorectal cancer’. InNABUCCO (ClinicalTrials.
gov: NCT03387761), a single-arm feasibility trial, 24 patients
with stage Ill urothelial cancer (UC) received two doses of ipi-
limumab and two doses of nivolumab, followed by resection.
The primary endpoint was feasibility to resect within 12 weeks
from treatment start. All patients were evaluable for the
study endpoints and underwent resection, 23 (96%) within 12
weeks. Grade 3-4 immune-related adverse events occurred in
55% of patients and in 41% of patients when excluding clini-
cally insignificant laboratory abnormalities. Eleven patients
(46%) had a pathological complete response (pCR), meeting
the secondary efficacy endpoint. Fourteen patients (58%)
had no remaining invasive disease (pCR or pTisNO/pTaNO).
In contrast to studies with anti-PD1/PD-L1 monotherapy,
complete response to ipilimumab plus nivolumab was inde-
pendent of baseline CD8* presence or T-effector signatures.
Induction of tertiary lymphoid structures upon treatment was
observed in responding patients. Our data indicate that com-
bined CTLA-4 plus PD-1 blockade might provide an effective
preoperative treatment strategy in locoregionally advanced
UC, irrespective of pre-existing CD8 T cell activity.

Recurrence rates after surgical resection of muscle-invasive UC
are high, and many patients die from their disease’. Although neo-
adjuvant cisplatin-based chemotherapy shows impressive responses,
including 22-40% pCR®, the absolute survival benefit is only 5% at
5 years’, accompanied by substantial toxicity. Given the high rate of
distant recurrences after surgical resection of UC, there is a great
need for more effective systemic treatment approaches.

Immune checkpoint inhibitors have shown durable responses in
the metastatic setting®'”. Response to checkpoint inhibitors appears
higher when treating in first-line rather than second-line metastatic
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disease and when treating patients with only lymph node metas-
tases”, providing the rationale for immunotherapeutic treatment
in earlier disease settings. A study testing neoadjuvant ipilimumab
showed that this drug can be safely administered before cystectomy
and does not preclude resection'*"”. Recently, promising pCR rates
were observed in trials testing preoperative anti-PD-1/PD-L1 in
UC of the bladder'*"*. However, complete responses were primarily
observed in less advanced tumors and in tumors with pre-existing
CD8" T cell immunity'®'®. In the NABUCCO study, we investigated
whether the addition of anti-CTLA-4 to PD-1 blockade is feasible as
preoperative treatment in locoregionally advanced (stage III) UC.
Furthermore, we studied whether this combination treatment could
broaden efficacy to more advanced tumors and tumors with lim-
ited baseline CD8* T cell immunity. Given the recently published
work correlating B cells and tertiary lymphoid structures (TLSs) to
immunotherapy response'>”’, we also assessed baseline B cell pres-
ence and TLS dynamics.

In the NABUCCO study (Fig. 1a), 24 patients with stage III UC
were enrolled (Fig. 1b) between February 2018 and February 2019
and treated with ipilimumab 3 mg kg™ (day 1), ipilimumab 3 mg kg™
plus nivolumab 1 mgkg™" (day 22) and nivolumab 3 mg kg™! (day 43),
followed by resection’! (Supplementary Study Protocol). The median
postoperative follow-up was 8.3 months (interquartile range (IQR),
4.7-13.1 months). Fourteen (58%) patients had node-negative
disease at baseline (cT3-4aN0), and ten (42%) patients had baseline
lymph node metastases (cT2-4aN1-3). Patients were ineligible for
cisplatin or refused cisplatin-based chemotherapy. All 24 patients
were evaluable for the primary endpoint, which was surgical resec-
tion within 12 weeks after initiation of preoperative therapy. All
patients had surgical resection, despite inclusion of patients with
bulky/extensive disease. Twenty-three (96%; 95% confidence inter-
val (CI), 79-100%) patients underwent resection within 12 weeks,
thus meeting the study’s primary endpoint. One patient had a
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Baseline characteristics

Median age, years (range) 65 (50-81)

Male sex, n (%) 18 (75%)

Clinical T stage, (%)

= cT3-4aNOMO 14 (58%)

® cT2-4aN1-3M0’ 10 (42%)

Cisplatin eligibility status n (%)

= Cisplatin ineligible 13 (54%)

= Refusal of cisplatin-based 11 (46%)
chemotherapy?

WHO, n (%)

= WHO 0 21 (88%)

= WHO 1 3 (12%)

Median tumor volume, cm® (range)

» Primary tumor® 19.9 (0-153)

PD-L1 combined positive score (CPS)

= Median PD-L1 CPS, % 32

= PD-L1 CPS > 10, n (%) 15 (63%)

= PD-L1 CPS < 10, n (%) 9 (37%)

"One patient had bladder + upper tract disease; all others had bladder-only disease.

“Cisplatin-eligible according to Galsky criteria. Patients had relative contraindications or refused cisplatin-
based chemotherapy

3Assessed through multiparametric magnetic resonance

Fig. 1| NABUCCO study design and baseline study population
characteristics. a, NABUCCO study treatment and time points of
radiological assessment and sample collection. b, Baseline characteristics
of patients enrolled in the study. CT, computed tomography; IF,
immunofluorescence; LN, lymph node; MRI, magnetic resonance imaging;
TUR, transurethal resection; WHO, World Health Organization.

delay of 4 weeks due to to immune-related hemolysis. Grade 3-4
immune-related adverse events (irAEs) occurred in 55% of patients
(Supplementary Table 1) and in 41% of patients when excluding
clinically insignificant laboratory abnormalities (mainly lipase ele-
vation). Eighteen (75%) patients received all three treatment cycles.
Six (25%) patients received only two cycles owing to irAEs. There
was no treatment-related mortality.

After ipilimumab plus nivolumab, most resected primary tumors
displayed extensive tumor regression at histopathological examina-
tion (Fig. 2a). Eleven (46%; 95% CI, 26-67%) patients had pCR
(pTONO), meeting the pre-specified secondary efficacy endpoint.
Fourteen (58%; 95% CI, 37-77%) patients had no residual invasive
cancer (pCR or small CIS/pTa focus) after treatment. Two addi-
tional patients (8%) achieved a major pathological response (MPR),
defined as less than 10% residual vital tumor and pNO0', exhibiting
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extensive immune infiltration (Fig. 2b). A 50% (95% CI, 29-71%)
pCR rate was observed in patients without baseline lymph node
metastases (cT3-4aN0), compared to 40% (95% CI, 12-73%) pCR
in patients with clinically suspected node-positive disease (cT2-
4aN1-3). Interestingly, four patients achieved pCR/MPR in the
primary tumor, whereas a resistant micrometastasis was observed
in a concurrent lymph node. No specific genetic resistance mecha-
nisms could be identified in discrepant mutations between the pri-
mary tumor and unresponsivene lymph nodes upon whole-exome
sequencing (WES; Extended Data Fig. 1). At the time of analysis,
two patients (both non-pCR) had relapsed; one of these patients
died of metastatic disease (Fig. 2¢).

We examined several published biomarkers for immunotherapy
response in our cohort. For these biomarker analyses, we compared
complete response (CR, defined as pCR or CIS/pTa) to non-CR.
The CR rate in PD-L1-positive tumors (combined positive score
(CPS) >10) was 73% (95% CI, 45-92%), compared to 33% (95% CI,
7-70%) in PD-L1-negative tumors (P=0.15). Analysis of somatic
mutations by WES (Extended Data Fig. 2) of pre-treatment tumor
tissue and germline DNA showed a trend toward a higher tumor
mutational burden (TMB) in tumors achieving CR to ipilimumab
plus nivolumab compared to non-CR tumors (P=0.056; Fig. 3a).
We also assessed mutations in a set of DNA damage response (DDR)
genes”. Alterations in DDR genes were more frequently observed
in responding tumors than in non-CR tumors (P=0.03; Fig. 3b).
Recent data from studies in advanced and localized UC indicate
that transforming growth factor-beta (TGF-) signaling is associ-
ated with atezolizumab unresponsiveness'®”. In line with these
data, we found a TGF-p expression signature to be associated with
non-response (Fig. 3c). This result suggests that TGF-B-mediated
inhibition of the anti-cancer immune response cannot be overcome
by the addition of anti-CTLA-4 to PD-1 blockade.

Previous studies in UC found that response to preoperative
anti-PD1/PD-L1 monotherapy is primarily observed in tumors
exhibiting pre-existing CD8* T cell immunity'®'®. This restriction
could limit the general applicability of anti-PD1/PD-L1 monother-
apy in the preoperative setting. We assessed whether the addition of
anti-CTLA-4 enables response in tumors with limited pre-existing
T cell immunity in our cohort. Using quantitative multiplex immu-
nofluorescence, we observed no correlation between baseline CD8*
T cell density and response to ipilimumab plus nivolumab (Fig. 3d).
The CR rate in both the lowest and highest CD8" cell density quartile
was 67%. We further explored the correlation between pre-existing
immunity and response by transcriptome analysis of baseline tumor
tissue. No difference was observed between CR and non-CR tumors
in baseline interferon gamma (IFN-y), tumor inflammation signa-
ture (TIS) and CD8" T cell effector signatures (Fig. 3¢). Thus, our
data suggest that the addition of anti-CTLA-4 to PD-1 blockade can
induce pCR in tumors irrespective of baseline CD8* T cell immunity.

Baseline B cell presence has been associated with immunotherapy
response and prognosis in several malignancies'****, although other
studies suggest immune-suppressive capacities of the intratumoral
B cell compartment**°. Upon exploratory analysis of differentially
expressed genes, we found that upregulation of B-cell-related genes
at baseline correlated with non-response (Fig. 4a). Furthermore,
these differentially expressed B cell genes were found to positively
correlate with CD20* B cell counts in multiplex immunofluo-
rescence analysis (Fig. 4b). In non-responding tumors, stromal B
cells were more abundant than in responding tumors (P=0.043;
Fig. 4c), whereas the density of B cells in the tumor compartment
was numerically higher (P=0.07). The increased B cell presence
in non-CR tumors was observed irrespective of pre-existing CD8*
T cell immunity (Extended Data Fig. 3). B cells have been studied in
conjunction with TLS composition®. We used multiplex immuno-
fluorescence staining and image analysis to visualize TLS composi-
tion and quantify TLS maturation stages (Fig. 4d,e). No correlation
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Fig. 2 | Pathological tumor regression and outcome to preoperative ipilimumab plus nivolumab. a, Percentage of pathological tumor regression per primary
bladder tumor after preoperative ipilimumab plus nivolumab, based on the percentage of residual viable tumor area, for the complete cohort. Baseline clinical
and biomarker features are annotated for each patient in the top section. Median mutational burden cutoffs; below median (low <9.6) versus above median
(high >9.6) mutations per megabase. Intratumoral median CD8 cell density assigned as below median (low <145.6) versus above median (High >145.6)
cells per mm?. Histopathological findings in the surgical resection specimen upon ipilimumab plus nivolumab are listed in the lower boxes. b, pCR example,
displaying large fields of necrosis surrounded by abundant CD8 T cells and TLS in multiplex immunofluorescence images (boxes 1and 2). MPR (<10%
residual viable tumor), characterized by reactive changes and small remaining tumor nests with substantial immune cell infiltration after treatment (boxes 3
and 4). Non-response, displaying intact tumor fields and immune infiltration at the tumor margin (boxes 5 and 6). ¢, Kaplan-Meier analysis of recurrence-free
survival (RFS) and overall survival (OS). At a median postoperative follow-up of 8.3 months, two (8%) patients relapsed (both non-responders). One patient
died 6 weeks after surgery due to rapid progressive disease. Experiments and scorings related to the presented micrographs were conducted once.
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Fig. 3 | pCR to ipilimumab plus nivolumab is independent of baseline CD8* T cells and inflammatory signatures. a, Association between response groups
and TMB. TMB is measured as the number of somatic, non-synonymous and exonic mutations, based on WES. The panel shows the TMB distribution

in CR (n=14) and non-CR (n=10) tumors. b, Association between somatic alterations in DDR genes'” and response (CR, n=14 and non-CR, n=10).

We excluded variants with a clinical significance labeled as Benign or Likely Benign (CLINVAR annotation), variants previously reported as population/
germline SNPs (TOPMED and CAF annotations with alternate allele frequency >5%) and variants annotated as Tolerated with the SIFT predicted

score. Patients were stratified by response (CR and non-CR) and DDR status (DDR altered and DDR non-altered) in a contingency table, and statistical
significance was tested using a two-sided Fisher's exact test. ¢, Comparison of average TGF-f-induced genes'® at baseline between CR (n=11) and non-CR
(n=7) tumors. d, Baseline comparison of CD8 density per mm? between CR (n=14) and non-CR (n=10) tumors. Baseline intratumoral CD8 density per
mm? was analyzed by quantitative multiplex immunofluorescence. e, Comparison of average gene expression for the IFN-y signature (Ayers et al., 2017),
the eight-gene cytotoxic T cell transcriptional signature (tGE8, Mariathasan et al.*) and TISs (Ayers et al.?’) between CR (n=11) and non-CR (n=7)
tumors. Box plots in all panels represent the median and 25th and 75th percentiles. The whiskers expand from the hinge to the largest value not exceeding
1.5% IQR from the hinge. Complete responders are displayed in blue, whereas non-responders are displayed in orange. A two-sided t-test was used for
comparisons of the gene expression features between CR and non-CR tumors, and a two-sided Mann-Whitney test was used for comparison of the

TMB between CR and non-CR tumors. The P value is presented in between box plots. All statistical tests were two sided. No adjustments were made for
multiple comparisons. CNA, copy number aberration. SNP, single-nucleotide polymorphism.

was observed between baseline TLS numbers and response (Fig. 4f),
although immature TLSs were higher in non-CR tumors (Extended
Data Fig. 3). On-treatment analysis revealed enrichment in TLS
(P<0.001; Fig. 4g) in CR tumors. Enrichment was observed across
all TLS maturation stages (Extended Data Fig. 4). Expression of
TLS-related genes and a recently established signature' related
to B cell/TLS presence in melanoma increased upon treatment
(Extended Data Fig. 5), particularly in CR tumors. TLS develop-
ment was dampened in patients receiving corticosteroids for immu-
notherapy toxicity management (P=0.014; Fig. 4h,i), as observed
in lung cancer”. TLS were further characterized by the presence
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of CD27* B cells (Extended Data Fig. 6), T follicular helper cells,
BCL6"CD4" cells and expression of CXCL13 (Extended Data Fig.
7). We observed no increase of CD27* B cells and T follicular helper
cells in TLS after therapy. Early induction of these cells might have
been missed owing to the fact that samples were taken relatively
late in the anti-cancer immunotherapy response, after tumor clear-
ance. To further study TLS dynamics, a bioinformatic algorithm was
developed to annotate the TLS compartment in multiplex immuno-
fluorescence data. Using this algorithm, we found that Tregs were
reduced in TLS upon treatment with ipilimumab plus nivolumab
(Extended Data Fig. 8). These exploratory findings suggest that the
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presence of B cells and TLSs at baseline does not predict for ipilim-
umab plus nivolumab response in UC, although TLS induction is
observed in responding patients.

We found that ipilimumab plus nivolumab is feasible and highly
active as preoperative treatment in UC. Moreover, high pCR rates
were observed in patients with locoregionally advanced disease.
Previous studies testing preoperative anti-PD1/PD-L1 monotherapy
in UC were conducted mainly in patients with less advanced tumors
(cT2-3N0), showing encouraging pCR rates. Substantially lower
PCR rates were observed with anti-PD-L1 in patients with more
advanced disease'®. Our results are in line with findings in locore-
gionally advanced melanoma, where the addition of anti-CTLA-4
to anti-PD-1 monotherapy before surgery broadened response and
resulted in superior efficacy and outcome'*. Furthermore, we found
that response to preoperative ipilimumab plus nivolumab was inde-
pendent of baseline CD8" T cell presence and inflammatory sig-
natures. This observation contrasts with findings from trials using
anti-PD1/PD-L1 monotherapy, where pCR was primarily observed

NATURE MEDICINE | VOL 26 | DECEMBER 2020 | 1839-1844 | www.nature.com/naturemedicine

¢ CD20
300 4 2e:;§<égﬁsﬁ=0-54 | e Non-CR Intratumoral Stromal
0.073 0.043
CR N =
100 - . i £ 1,000
- S
i é pu
30 .7 g 100
- .
10 A P 2
- L4 c
- 3 10 .
31 o
T T T 1 .
2 8 32
B-cell-associated genes OQ\ Q’OQ oQ\ £ s
g S RO

expression (TPM)

Complete response

High TLS

Low TLS

h Post-treatment TLS ! TLS fold change
1.25E6 - 0.014 0.014
- 1 1
1.00E6 +
<4
o
@
~_ 7.50E5 - g
5 s ©CR
E 2 @ Non-CR
3 5.00E5 - 8
o
kel
i
2.50E5 4
0.00E5 - l:i:l -y °
No Yes No Yes
Steroids Steroids

in tumors exhibiting pre-existing CD8" T cell immunity'®'s. A limi-
tation of our study is the small sample size, which was powered to
show feasibility of preoperative ipilimumab plus nivolumab and to
determine an efficacy signal that would justify further clinical stud-
ies. Additionally, the treatment schedule can be further refined to
find the optimal balance between toxicity and efficacy.

In conclusion, combined CTLA-4 plus PD-1 blockade might
provide an effective preoperative treatment strategy in locoregion-
ally advanced UC, regardless of pre-existing CD8* T cell activity at
baseline. The therapeutic efficacy in this cohort, with poor prog-
nosis and high unmet clinical need, warrants further development
through randomized trials.
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Fig. 4 | B cell analysis and assessment of TLS dynamics upon preoperative ipilimumab plus nivolumab. a, Hierarchical clustering of differentially
expressed genes (FDR <8%) at baseline between CR (blue, n=11) and non-CR (orange, n=7) tumors, showing upregulation of B-cell-related genes in
patients with non-CR tumors. Gene expression levels are represented as CPM, mean centered and scaled (z scores). Higher expression levels (red) and
lower expression levels (blue) are indicated per gene. For each gene, baseline differential expression between response groups was tested fitting a linear
model to response using weighted least squares (limma R package). Contrasts that compared CR and non-CR tumors were fitted. For each gene, the
density-based FDR from the P-value distribution was computed to correct for multiple hypothesis testing. Only genes that scored an FDR <8% are shown
on the heat map. b, The differentially expressed B-cell-associated genes (derived from a) correlate with tumor and stroma CD20* immune cell counts

per mm? by multiplex immunofluorescence analysis. A two-sided Pearson's moment correlation test was used to analyze this correlation in CR (n=11)

and non-CR (n=7) tumors. Pearson'’s coefficient and correlation P value are shown in the plot. ¢, Baseline CD20* immune cell densities per mm? in tumor
and stroma by multiplex immunofluorescence analysis between CR (blue, n=14) and non-CR (orange, n=10) tumors stratified by response categories

for tumor and stroma. d, Tissue segmentation (PerkinElmer) was used to segregate TLS areas. Early TLS displays dense B cell clusters without follicular
dendritic cells (FDCs) or germinal centers (GCs). Primary follicle-like TLSs (PFL-TLSs) harbor FDC networks while lacking GCs. Secondary follicle-like
TLSs (SFL-TLSs) exhibit active GC reactions. e, Example images of the TLS landscape in a CR versus non-CR tumor after therapy f, TLS development was
quantified as normalized TLS area (square microns per tissue square centimeters). Pre-treatment and post-therapy samples were compared between CR
(n=14) and non-CR (n=10) tumors. g, Immunotherapy-induced changes in normalized TLS area were assessed as fold change (post/pre) and compared
between the CR (blue, n=14) and non-CR (orange, n=10) tumors. h, Normalized TLS area in post-therapy samples between patients who received
steroids (>20 mg per day before surgery, n=9) and patients who received no steroids (n=15). A comparison was made using a two-sided Mann-Whitney
test. I, Immunotherapy-induced fold changes in normalized TLS areas were assessed as fold changes (post/pre) in patients who received steroids (>20 mg
per day before surgery, n=9) and in patients who received no steroids (n=15). Box plots in all panels represent the median and 25th and 75th percentiles.
The whiskers expand from the hinge to the largest value not exceeding 1.5x IQR from the hinge. Complete responders are displayed in blue, whereas
non-responders are displayed in orange. All comparisons, except for the ones shown in a and b, were made using a two-sided Mann-Whitney test. The

P value is presented in between box plots. All statistical tests were two sided. No adjustments were made for multiple comparisons, except for the ones
shown in a, Experiments and scorings related to the presented micrographs in d and e were conducted once. FDR, false discovery rate.
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Methods

Study design and population. NABUCCO (ClinicalTrials.gov: NCT03387761)

is an investigator-initiated, prospective, single-arm trial testing the feasibility

of attenuated preoperative ipilimumab 3 mg kg~ (day 1), ipilimumab

3 mg kg™ plus nivolumab 1 mg kg~' (day 22) and nivolumab 3 mg kg™' (day 43),
followed by cystectomy or nephro/urethrectomy with appropriate lymph node
dissection®’ (Supplementary Study Protocol). A total of 24 patients with stage

III resectable UC (cT3-4aNOMO and cT1-4aN1-3M0) according to American
Joint Committee on Cancer guidelines were enrolled at the Netherlands Cancer
Institute. Patients were 18 years of age or older, were ineligible for cisplatin or
refused cisplatin-based chemotherapy, were anti-CTLA-4/PD-1/PD-L1 naive,

had a World Health Organization performance score of 0-1, and had diagnostic
transurethral resection (TUR) blocks available. Key exclusion criteria included
documented severe autoimmune disease, chronic infectious disease and use of
systemic immunosuppressive medications. All patients provided written informed
consent. Surgery was scheduled in weeks 9-11 from the first drug infusion.
Baseline staging was based on diagnostic pathology and thorax/abdomen/pelvis
computed tomography (CT). CT-based response assessment occurred in weeks
8-10. Additional baseline and on-treatment magnetic resonance imaging (MRI)
assessment was optional. Non-related adverse events and irAEs were graded and
reported throughout the study. In case of serious irAEs after the second treatment
cycle, the remaining dose of nivolumab was not administered so as to not
interfere with the timing of surgery. The sponsor of the trial was the Netherlands
Cancer Institute. Bristol-Myers Squibb provided the study drugs and funding

for the trial. The trial is part of the Dutch Uro-Oncology Study Group. A data
safety monitoring board was established, consisting of Thomas Powles (medical
oncologist, Barts Cancer Centre) and Joost Boormans (urologist, Erasmus Medical
Centre). This study was approved by the institutional review board (IRB) of the
Netherlands Cancer Institute and was executed in accordance with the protocols
and Good Clinical Practice Guidelines defined by the International Conference on
Harmonization and the principles of the Declaration of Helsinki. After meeting
the pre-specified primary and secondary endpoints in the current analysis (n=24),
the study was expanded with new dose exploratory cohorts (IRB approved in
September 2019).

Study endpoints and statistics. The primary endpoint of this trial was feasibility,
testing whether preoperative ipilimumab and nivolumab is feasible within 12 weeks
from first infusion and does not delay surgical resection, as this is an endpoint

that is clinically meaningful for this population. We set the desired resection rate
by 12 weeks at 90% of patients. The lower statistical boundary for futility was

set at 60%. For 24 patients and one-sided a=0.025, the power of rejecting 60%
resection rate, under the alternative of 90%, is 91%. Treatment efficacy (pCR)

was selected as a secondary endpoint and defined by the percentage of pCR
(complete absence of neoplastic cells, pTONO) at surgical resection. For the efficacy
endpoint, we considered the disease burden of this cohort, which was higher than
a typical neoadjuvant cohort, and cisplatin ineligibility/refusal. We determined
that a 40% pCR rate would be desirable, whereas 14% or lower would not warrant
further investigation of treatment. Under those assumptions, 24 evaluable

patients provided 90% power to detect treatment efficacy with a one-sided a

of 0.05. At least seven responders are required. Histopathological assessment

was performed on the resected primary tumor and lymph node specimens, and
pathological staging was done according to international standards and protocols.
In addition, percentage of residual vital tumor tissue was analyzed and calculated.
Other secondary endpoints included translational endpoints and safety and are
extensively described in the study protocol (Study Protocol in Supplementary
Information). Unless specified otherwise, the Wilcoxon signed-rank test was used
for pairwise comparisons. R 3.4.4 was used for statistical analysis, together with the
packages tidyverse 1.2.1 and ggpubr 0.2.1.

PD-L1 assessment, multiplex immunofluorescence analyses and
immunohistochemistry. Baseline PD-L1 immunohistochemistry was performed
on formalin-fixed paraffin-embedded (FFPE) sections by a PD-L1 IHC 22C3

1/40 dilution pharmDx qualitative immunohistochemical assay on a DAKO
Autostainer 48 system at the Tergooi hospital laboratory. After staining, PD-L1
and hematoxylin and eosin slides were uploaded to Slide Score (www.slidescore.
com) for manual scoring. An experienced uro-pathologist determined the CPS,
and PD-L1 positivity was qualified as CPS> 10'°. Analysis of tumor immune

cell infiltrates (anti-CD3 (1:400 dilution Clone P7, Thermo Fisher Scientific),
anti-CD8 (1:100 dilution Clone C8/144B, Dako), anti-CD68 (1:500 dilution
Clone KP1, Dako), anti-FoxP3 (1:50 dilution Clone 236A/47, Abcam), anti-CD20
(1:500 dilution Clone 126, Dako) and anti-PanCK (1:100 dilution Clone AE1AE3,
Thermo Fisher Scientific) was performed by multiplex immunofluorescence
technology on a Ventana Discovery Ultra automated stainer using PerkinElmer
opal seven-color dyes. In short, 3-um FFPE sections were cut and heated at

75°C for 28 min and subsequently deparaffinized in EZ Prep solution (Ventana
Medical Systems). Using Cell Conditioning 1 (CC1, Ventana Medical Systems),
heat-induced antigen retrieval was conducted at 95°C for 32 min. Further analysis
was done by VECTRA image acquisition (Akoya Biosciences, v3.0) and HALO
(Indica Labs, v2.3) image analysis. Tumor and stroma regions were classified by
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HALO automated tissue segmentation. TLS composition was analyzed in tissue
sections by seven-plex multiplex immunofluorescence”” using multispectral
microscopy and the following antibodies and dilutions: CD21 (1:5,000 2G9, Leica),
DC-LAMP (1:1,000 1010E1.01, Dendritics), CD23 (1:1,000 SP3, Abcam), PNAd
(1:5,000 MECA-79, BioLegend), CD20 (1:5,000 L26, Dako) and CD3 (1:1,000
SP7, Thermo Fisher Scientific). Area segregation was done by the Inform tissue
segmentation algorithm. Additional information on antibodies used is provided in
the Life Sciences Reporting Summary.

For immunohistochemistry (including co-stainings), slides were cut at 3 um
and dried overnight. Slides were transferred to the Ventana Discovery Ultra
Autostainer. Slides were then deparaffinized within the instrument, and antigen
retrieval was carried out at 95°C for 64 min. For the double staining of CD20
(yellow) followed by CD27 (purple), the CD20 was detected in the first sequence
using clone L26 (1:800, 32 min at 37 °C; Agilent). CD20-bound antibody was
visualized using Ready-to-Use anti-mouse NP (Ventana Medical Systems) for
12min at 37 °C, followed by anti-NP AP (Ventana Medical Systems) for 12 min
at 37°C, followed by the Discovery Yellow Detection Kit (Ventana Medical
Systems). In the second sequence of the double-staining procedure, CD27 was
detected using clone EPR8569 (1:3,000 dilution, 32min at 37 °C; Abcam). CD27
was visualized using Ready-to-Use anti-mouse HQ (Ventana Medical Systems)
for 12min at 37 °C, followed by anti-HQ horseradish peroxidase (Ventana
Medical Systems) for 12 min at 37 °C, followed by the Discovery Purple Detection
Kit (Ventana Medical Systems). Slides were counterstained with hematoxylin
and bluing reagent (Ventana Medical Systems). For the double staining of CD4
(yellow) followed by Ready-to-Use BCL6 (purple), the CD4 was detected in the
first sequence using clone SP35 (1:25, 32 min at 37 °C; Cell Marque). CD4-bound
antibody was visualized using the Roche Diagnostics Ready-to-Use anti-mouse
NP (Ventana Medical Systems) for 12 min at 37 °C, followed by anti-NP AP
(Ventana Medical Systems) for 12 min at 37 °C, followed by the Discovery
Yellow Detection Kit (Ventana Medical Systems). In the second sequence of
the double-staining procedure, BCL6 was detected using clone GI191E/A8
(Ready-to-Use, Ventana Medical Systems; 32 min at 37 °C). BCL6 was visualized
using the Roche Diagnostics Ready-to-Use anti-mouse HQ (Ventana Medical
Systems) for 12 min at 37 °C, followed by the Roche Diagnostics Ready-to-Use
anti-HQ horseradish peroxidase (Ventana Medical Systems) for 12min at 37°C,
followed by the Discovery Purple Detection Kit (Ventana Medical Systems). Slides
were counterstained with hematoxylin and bluing reagent (Ventana Medical
Systems). CXCL13 was stained using the polyclonal goat R&D Systems antibody
Clone AF801, in a 1:400 dilution. CXCL13-bound antibody was visualized using
the Roche Diagnostics Ready-to-Use OmniMap anti-goat horseradish peroxidase
(Ventana Medical Systems) for 12 min at 37 °C, followed by the Chromomap DAB
Detection Kit. Slides were counterstained with hematoxylin and bluing reagent
(Ventana Medical Systems). All immunohistochemistry slides were uploaded
to SlideScore for manual scoring. Additional information on antibodies used is
provided in the Life Sciences Reporting Summary.

For biomarker analysis, tumors with CR (defined as pCR, pTis or pTaN0)
were compared to non-CR tumors. We included noninvasive disease in the CR
definition, as this is generally thought to be cured by surgery™. Figure panel colors
are optimized for colorblind readers.

DNA sequencing. DNA and RNA were isolated in parallel from baseline and
on-treatment FFPE tumor material using the Qiagen AllPrep FFPE DNA/RNA
Kit. Germline DNA was extracted from peripheral blood mononuclear cells using
the QIAsymphony DSP DNA Midi kit. Tumor depositions in the lymph nodes
were isolated by using laser microdissection. DNA sequencing was carried out
following the Human IDT Exome Target Enrichment Protocol. Covaris shearing
was used to fragment the DNA to 200-300 base pairs. KAPA HTP DNA Library
Kit was used for library preparation. IDT Human Exome capture V1.0 (xGen
Exome Research Panel v1.0) was used for exome enrichment. Libraries were
sequenced with 100 base pairs paired-end reads using the Hiseq 2500 (Illumina)
with a high output mode PE 100. Burrows—Wheeler aligner 37 was used to align
the raw reads to the human reference genome GRCh38. Duplicated reads were
marked using MarkDuplicates (http://broadinstitute.github.io/picard), and,

lastly, GATK BaseRecalibrator was used to recalibrate the quality scores. Somatic
single-nucleotide variants (SNVs) and short insertions and deletions (indels) were
called for tumor samples matched with germline samples using Strelka 2.9.2

(ref. *'). Only variants with a high reliability score (HighEVS) and allele frequency
greater than 5% were maintained and annotated using SnpEff v4.3t (build 2017-
11-24 10:18). TMB was assessed as the number of somatic variants annotated as
non-synonymous, non-intronic or non-intergenic. For biomarker discovery, we
retrieved variants classified as indels, missense, frameshift, stop codon gain or
loss, splice acceptors or donors, transcription ablation, exon loss and structural
interaction variant. Copy number calling was done using CNVkit v0.9.6 (ref. *?),
and copy number ratios were estimated against a pooled normal reference.

Gene copy number ratios (cnr) were calculated with a weighted average copy
number ratio per gene. Deep deletions were defined as log,(cnr) < —0.7, shallow
deletions as —0.7 < log,(cnr) < —0.5 and amplifications as log,(cnr) > 1. All
genomic data were analyzed using the R packages VariantAnnotation v1.24.5 and
ComplexHeatmap v1.17.1. For associations between somatic alterations in DDR
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genes” and response, we excluded variants with a clinical significance labeled as
Benign or Likely Benign, variants previously reported as population/germline
single-nucleotide polymorphisms (SNPs) (TOPMED and CAF annotations with
alternate allele frequency >5%) and variants annotated as Tolerated with the SIFT
predicted score. We explored alterations in DNA mismatch repair machinery
(MLHI1, MSH2, MSH6, PMS1 and PMS2), nucleotide excision repair (ERCC2,
ERCC3, ERCC4 and ERCC5), homologous recombination (BRCA1, MREI1A,
NBN, RAD50, RAD51, RAD51B, RAD51D, RAD52 and RAD54L), Fanconi
anemia (BRCA2, BRIP, FANCA, FANCC, PALB2, RAD51C and BLM), checkpoint
(ATM, ATR, CHEKI1, CHEK2 and MDCI) and others (POLE, MUTYH, PARP1
and RECQL4). Lymph node and primary tumors with discrepant response were
sequenced using three different pools to reach >150x exomic coverage. Somatic
SNVs and short indels for each tumor-germline and lymph node-germline sample
pairs were called using Strelka. For each patient, we retrieved all variants that had
a high reliability score (HighEVS) in variant calling for at least one of the tumor
or lymph node samples, recomputed the allele frequencies from the bam files and
filtered by allele frequency greater than 5%.

RNA sequencing. The TruSeq Stranded mRNA Sample Prep Kit from Illumina

was used to generate strand-specific libraries according to the manufacturer’s
instructions. Twelve cycles of polymerase chain reaction (PCR) were done to amplify
the 3" end-adenylated and adapter-ligated RNA. Quality and quantity of the total
RNA from FFPE was assessed by the 2100 Bioanalyzer using a 7500 Nano chip
(Agilent). The percentage of RNA fragments with >200-nt fragment distribution
values (DV200) was determined using the region analysis method according to the
manufacturer’s instructions (Illumina, technical-note-470-2014-001). The libraries
were subsequently diluted and pooled equimolar in a multiplex sequencing pool.
Storage was done at —20 °C. The pooled libraries were enriched for target regions
using the probe Coding Exome Oligos set (45 MB) according to the manufacturer’s
instructions (Illumina, no. 1000000039582v01). Briefly, complementary DNA
(cDNA) libraries and magnetic bead-bound capture probes were combined, followed
by hybridization using a denaturation step of 95°C for 10 min and an incubation
step from 94°C to 58°C having a ramp of 18 cycles with 1-min incubation and 2°C
per cycle. The enriched fraction was subjected to two stringency washes, an elution
step and a second round of enrichment, followed by a cleanup using AMPure XP
beads (Beckman, A63881) and PCR amplification of ten cycles. The target enriched
pools were analyzed on a 2100 Bioanalyzer using a 7500 chip (Agilent), diluted and
subsequently pooled equimolar into a multiplex sequencing pool. A HiSeq 2500
System was used to sequence libraries with 65base pair single-end reads in Illumina
high output mode using V4 chemistry (Illumina). HISAT? aligner was used to

align the raw reads to the human reference genome GRCh38 and to quantify gene
expression using default parameters. For quality control, samples with a low cDNA
yield, low sequencing coverage (reads <9 million) and fraction of aligned reads to
human reference genome less than 85% were filtered out (six baseline samples).
Genes with low gene expression variability (null counts in >80% of the samples
and/or read counts mean <1) were filtered out. EdgeR v3.20.9 (ref. **) was used to
calculate the normalization factors to account for variable library sizes. Only genes
with maximum counts per million (CPM) greater than 1 and with a CPM greater
than 1 in at least three samples were considered for biomarker analysis (~7,000
genes). Differential expression (DE) was tested using limma v3.34.9 (ref. **). First,
we used the voom function to account for different weights from the mean-variance
relationships. Then, we built linear models to test DE between different baseline/
on-treatment response groups. We corrected for multiple hypothesis testing by
modeling the density-based false discovery rate (FDR) from the P value distribution
using fdrtool™. Genes that scored an FDR ofless than 8% were considered significant.

Bioinformatic algorithm to detect TLS in multiplex immunofluorescence.

TLS clusters in multiplex immunofluorescence (CD3, CD8, FoxP3, CD20 and
CD68) data were detected using DBSCAN v1.1-4. The cell phenotypes CD20",
CD3*CD8FoxP3~ and CD3*FoxP3*CD8~ were used to identify putative TLS
clusters in stromal regions. These same three phenotypes were quantified residing
either inside TLS-detected regions or in stromal/tumoral regions. Mann-Whitney
U tests were used to test for difference in TLS composition between pre- and
post-treatment samples of phenotypes frequencies CD20*, CD3*CD8 FoxP3~ and
CD3*CD8 FoxP3*. The difference in TLS Treg (CD3*CD8 FoxP3*)/naive T cell
(CD3+*CD8-FoxP3") ratio was explored with a Mann-Whitney U test between
pre/post samples of CR and non-CR tumors. The CD3*CD8 FoxP3~ and CD20
location ratios (in TLS/in tumor+stroma) was tested for difference in ratio between
pre/post samples in CR and non-CR tumors with a Mann-Whitney U test.

Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Data availability

DNA and RNA sequencing data have been deposited in the European
Genome-phenome Archive under the accession code EGAS00001004521 and
will be made available upon reasonable request for academic use and within the
limitations of the provided informed consent by the corresponding author upon
acceptance. Every request will be reviewed by the institutional review board of
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the Netherlands Cancer Institute; the researcher will need to sign a data access
agreement with the Netherlands Cancer Institute after approval. Sequencing data
correspond with Figs. 3 and 4. Multiplex immunofluorecence raw quantification
data corresponding to Figs. 3d and 4 will be made available upon reasonable
academic request within the limitations of informed consent by the corresponding
author upon acceptance.
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Extended Data Fig. 1| Assessment of response discrepancies between the responding primary bladder tumor and unresponsive local lymph node
micrometastases upon ipilimumab plus nivolumab. a1-2. Imaging shows a cT4aN1 bladder tumor (enlarged lymph node not shown). Pathological
assessment revealed a complete response in the bladder, as shown by multiplex immunofluorescent analysis (a-3) and a non-responding lymph node
micrometastasis, annotated by a red arrow (a-4). Experiments and scorings related to the presented micrographs were conducted once. b, Whole-exome
sequencing was employed to assess whether lymph node micrometastases are genetically distinct from the primary tumor and could explain
unresponsiveness (n=2 patients). The figure shows overlap between somatic variants identified in the baseline tumor (purple) and the post-treatment
lymph node metastasis (green). ¢, Genomic alterations in genes related to interferon gamma signaling, JAK/STAT signaling or antigen presentation
machinery for baseline tumor samples (purple, n=2) and matching lymph nodes metastases (green, n=2). Sample labels and genetic alteration type are
displayed in figure legends. No specific genetic cause for resistance could be identified in the discrepant mutations.
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Extended Data Fig. 2 | Analysis of baseline genomic alterations by whole-exome sequencing. \WWhole-exome sequencing of pretreatment tumor tissue
and germline DNA was employed to identify somatic mutations in baseline tumors (n=24). An oncoprint figure of genetic alterations in significantly
mutated bladder cancer genes (by TCGA, Robertson et al, Cell 2018) is shown. Alterations are clustered by response categories, including 14 CR and 10
non-CR tumors. Sample labels and genetic alteration type are displayed in the figure. Abbreviations: CR: complete response, non-CR: non complete
response, CNA: copy number alterations.
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Extended Data Fig. 3 | Assessment of interdependence between baseline B cell presence and CD8 T cell infiltration. a, Average expression of
B-cell-related differentially expressed genes at baseline stratified by intratumoral and stromal CD8* higher and lower than median groups on multiplex
immunofluorescence (mlIF). Gene expression levels are represented as transcripts per million (TPM), mean-centered and scaled (Z-scores). b,
Intratumoral CD8 density per mm? by multiplex immunofluorescence, stratified by stromal CD20 higher and lower than median groups on multiplex
immunofluorescence (mlF). ¢, Average expression of B-cell-associated genes at baseline stratified by average TGE8 signature groups (higher or lower than
median) showing similar expression of B-cell-related genes in the TGES8 signature groups. Gene expression levels are represented as transcripts per million
(TPM), mean-centered and scaled (Z-scores). A Wilcoxon signed tank test was used for all comparisons. The P-value is presented in-between boxplots.
All statistical tests were two-sided. Analyses include CR (blue; n=11) and non-CR (orange; n=7) tumors. All boxplots display the median and 25th and
75th percentiles. The whiskers expand from the hinge to largest value not exceeding 1.5%x IQR from the hinge. No adjustments were made for multiple
comparisons. Abbreviations: CR: complete response, non-CR: non complete response.
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Extended Data Fig. 4 | Dynamics of tertiary lymphoid structure spectrum upon immunotherapy for response and steroid groups. Upon multiplex
immunofluorescent staining and segregation of tertiary lymphoid structure (TLS) areas, a, Early-TLS, b, Primary follicle-like TLS and ¢, Secondary
follicle-like TLS were quantified as normalized TLS area (square microns per tissue square centimeter). For each TLS maturation stage, four different
analysis were performed; 1) Comparison of normalized TLS areas in baseline and post-therapy samples between response groups by Mann Whitney
test, 2) Normalized TLS area assessed as fold change (post/pre) upon treatment between response groups, 3) Normalized TLS area comparison in
post-therapy samples between patients receiving steroids and no steroids, 4) Normalized TLS area assessed as fold change (post/pre) upon treatment
in patients that received steroids and no steroids. Unless otherwise noted, all boxplots display the median and 25th and 75th percentiles. The whiskers
expand from the hinge to largest value not exceeding 1.5x IQR from the hinge. A Mann Whitney test was used for comparisons between response and
steroid groups. The P-value is presented in-between boxplots. All statistical tests were two-sided. Analyses have 14 CR and 10 non-CR, or 9 steroids
(>20mg a day prior to surgery) and 15 no steroid patients. No adjustments were made for multiple comparisons. Abbreviations: TLS: tertiary lymphoid
structures, CR: complete response, non-CR: no complete response.
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Extended Data Fig. 5 | Exploratory assessment of TLS markers and a TLS signature upon immunotherapy for response groups. a, Average gene
expression for TLS-related genes (CCL19, CCL21, CXCL13, CCR7, SELL, LAMP3, CXCR4, CD86, BCL6), as published by Cabrita et al. °. Pre- and post-treatment
samples were compared for CR (n=11 pre-treatment, n=8 post-treatment) and non-CR (n=7 pre-treatment, n=10 post-treatment) tumors using a
two-sided t-test. Baseline expression was not significantly different between CR and non-CR (p=0.28). b, TLS gene signature (Cabrita et al., Nature 2020)
derived from genes specifically upregulated in CD8+CD20+ metastasized melanoma tumors (CD79B, CD1D, SKAP1, CETP, EIF1AY, RBP5, PTGDS). LAT and
CCR6 genes were lowly expressed and thus removed from the analysis. Gene signatures were compared between baseline and post- treatment samples for
CR and non-CR tumors. Baseline expression was not significantly different between CR and non-CR (p=0.05). Boxplots in all panels represent the median
and 25th and 75th percentiles. The whiskers expand from the hinge to largest value not exceeding 1.5x IQR from the hinge. CR samples are marked in
blue, while non-CR samples are displayed in orange. A t-test test was used for comparisons between CR and non-CR. The p-value is presented in-between
boxplots. All statistical tests were two-sided. All analyses involved 11 CR and 7 non-CR tumors in pre-treatment samples, and 10 CR and 8 non-CR tumors
in post-treatment samples. Abbreviations: TLS: tertiary lymphoid structures, CR: complete response, Non-CR: non complete response.
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Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6 | Assessment of CD27+ B-cells in TLS upon immunotherapy for response groups. a, Example images of CD20 (yellow) and

CD27 (purple) IHC co-staining, revealing CD27+ B-cells (CD20+*CD27+) in red, as indicated by the black arrow. Experiments and scorings related to the
presented micrographs were conducted once. b/c. Baseline and post-treatment comparison of the mean percentage of CD20+CD27+ cells in germinal
center (GC) negative (b) and GC+ (¢) TLS per patient between CR (n=9 GC- pre-treatment, n=6 GC+ pre-treatment, n=11 GC- post-treatment, n=8
GC+ post-treatment) and non-CR (n=6 GC- pre-treatment, n=3 GC+ pre-treatment, n=8 GC- post-treatment, n=5 GC+ post-treatment) tumors.

The percentage CD20+*CD27+ cells in the CD20+ population in TLS was estimated by a pathologist (L.S.). Boxplots represent the median and 25th and
75th percentiles. The whiskers expand from the hinge to largest value not exceeding 1.5x IQR from the hinge. Complete responders are marked in blue,
while non-responders are displayed in orange. A Wilcoxon signed tank test was used to compare the percentage of CD20*CD27+ between CR and
non-CR tumors. The P-value is presented in-between boxplots. All statistical tests were two-sided. No adjustments were made for multiple comparisons.
Abbreviations: CR: complete response, NR: no response, GC: germinal center.
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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7 | Assessment of CD4+ T-cells and CD4+BCL6+ follicular T helper cells in tumor and TLS regions upon immunotherapy. a,
Example images of CD4 (yellow) and BCL6 (purple) IHC co-stainings, showing CD4+*BCL6* follicular T helper cells pre- and post-treatment, characterized
by a purple nucleus and deep orange cytoplasmatic staining. b, Mean absolute CD4+*BCL6* cell counts in co-stains for mature and immature TLS

and CD4-BCL6" cell counts for mature TLS only; for CR tumors (n=7 GC- pre-treatment, n=5 GC+ pre-treatment, n=10 GC- post-treatment, n=8

GC+ post-treatment) and non-CR tumors (n=4 GC- pre-treatment, n=3 GC+ pre-treatment, n=8 GC- post-treatment, n=5 GC+ post-treatment).
Co-stainings were assessed and scored (number of cells per TLS) by a pathologist. ¢, Representative example images of CXCL13 (brown) in TLS for CR
and non-CR tumors by immunohistochemistry in pre- and post-treatment specimens. CXCL13 positivity is clearly present in TLS, emphasizing that TLS
are characterized by CXCL13 expression. No post-treatment differences were observed between response groups (Quantified data not shown). Unless
otherwise noted, all boxplots display the median and 25th and 75th percentiles. The whiskers expand from the hinge to largest value not exceeding 1.5x
IQR from the hinge. Complete responders are marked in blue, while non-responders are displayed in orange. A Wilcoxon signed tank test was used to
compare the CD4*BCL6* counts between CR and non-CR tumors. The P-value is presented in-between boxplots. All statistical tests were two-sided.
No adjustments were made for multiple comparisons. Experiments and scorings related to the presented micrographs in A and C were conducted once.
Abbreviations: CR: complete response, non-CR: non complete response, GC: germinal center.
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Extended Data Fig. 8 | Exploratory assessment of cellular distribution within TLS regions using a bioinformatic algorithm to analyse multiplex
immunofluorescence slides. a, Data map displaying immune cell subsets by digital multiplex immunofluorescent analysis in baseline tissue in a spatial
context. A bioinformatic algorithm (methods) was developed to identify and segment TLS-like structures, as annotated in red in the example map. Tumor
is depicted in gray (panCK) b, Distribution of CD3*CD8~ and CD20" cells over the analysed area, between algorithm assigned tumor bed (orange) and TLS
(grey) pre- and post-therapy, in CR (n=7 pre, n=5 post) and non-CR (n=7 pre, n=4 post) patients. ¢, The ratio of FOXP3+/FOXP3- cells was calculated
within the TLS CD3+CD8- compartment upon algorithmic TLS segmentation and quantitation of immune cell subsets in multiplex immunofluorescence
images (Methods). Pre-treatment and post-therapy samples were compared in the complete cohort (C; n=14 pre, 9 post) p=0.0086) or between CR
(n=7 pre, 5 post; p=0.073) and non-CR (n=7 pre, 4 post; p=0.11) d, by Mann Whitney test. Unless otherwise noted, all boxplots display the median and
25th and 75th percentiles. The whiskers expand from the hinge to largest value not exceeding 1.5x IQR from the hinge. Complete responders are marked
in blue, while non-responders are displayed in orange. A Wilcoxon signed tank test was used to compare the CD4+BCL6+ counts between CR and
non-CR tumors. The P-value is presented in-between boxplots. All statistical tests were two-sided. No adjustments were made for multiple comparisons.
Abbreviations: CR: complete response, non-CR: non complete response, GC: germinal center.
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|X| The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.
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A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons
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AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

O o0 god
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Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection Clinical data was collected and processed in electronic Case Report Forms (eCRF) using Tenalea v2.1 at the Netherlands Cancer Institute.
DNA and RNA sequencing data were collected as bam files, and derived features (e.g. tumor mutational burden, gene expression) were
collected in .tsv files. Immune phenotype and marker spatial locations from multiplex immunofluorescence were collected in .tsv files.

Data analysis Statisticall analysis (all data types): R 3.4.4.
DNA (whole exome) sequencing: Burrows-Wheeler aligner v37, MarkDuplicates (Picard), GATK BaseRecalibrator, CNVkit 0.9.5, Strelka
2.9.2, SnpEff v4.3t (build 2017-11-24 10:18), R packages: tidyverse 1.2.1, VariantAnnotation 1.24.5, ComplexHeatmap 1.17.1, ggpubr
0.2.1
RNA sequencing: HISAT2 , R packages: tidyverse 1.2.1, edgeR 3.20.9, limma 3.34.9, fdrtool 1.2.15, ComplexHeatmap 1.17.1, ggpubr 0.2.1
Multiplex immunofluorescence: HALO (Indica Labs, V2.3), R packages: tidyverse 1.2.1, ggpubr 0.2.1, DBSCAN v1.1-4

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers.
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.
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Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

DNA and RNA sequencing data is deposited in the European Genome-phenome Archive (EGA) with accession number EGAS00001004521 (https://www.ebi.ac.uk/
ega/studies/EGAS00001004521) and will be made available on reasonable request for academic use and within the limitations of the provided informed consent by
the corresponding author upon acceptance. Every request will be reviewed by the institutional review board of the NKI; the researcher will need to sign a data
access agreement with the NKI after approval. Sequencing data corresponds with Figure 3 and Figure 4.
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Multiplex immunofluorecence raw quantification data are available from the corresponding author on reasonable request. This data was used in Flg 3D and Figure
4.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The primary endpoint of this trial was feasibility, testing whether preoperative ipilimumab and nivolumab is feasible within 12 weeks from first
infusion and does not delay surgical resection, as this is an endpoint that is clinically meaningful for this population. We set the desired
resection rate by 12 weeks at 90% of patients. The lower statistical boundary for futility was set at 60%. For 24 patients and one-sided
alpha=0.025, the power of rejecting 60% resection rate, under the alternative of 90%, is 91%. Treatment efficacy (pCR) was selected as a
secondary endpoint, and defined by the percentage of pathological complete response (complete absence of neoplastic cells, pTONO) at
surgical resection. For the efficacy endpoint we considered the disease burden of this cohort, which is higher than a typical neoadjuvant
cohort, and cisplatin-ineligibility/refusal. We determined that a 40% pCR rate would be desirable, while 14% or lower would clearly not
warrant further investigation of treatment. Under those assumptions, 24 evaluable patients provide 90% power to detect treatment efficacy
with the one-sided alpha of 0.05. At least 7 responders are required.

Data exclusions  No data were excluded from the analysis

Replication Where possible, findings were replicated using a different method. For example, T-cell presence by immunofluorescence was confirmed using
RNA seq. Likewise, A B cell signature was confirmed using CD20 immunofluorescence. Results reported in the manuscript were not refuted by
replication or other experiments.

Randomization  There was no randomization. All participant were checked for eligibility using the eligibility criteria in the protocol. No waivers for eligibility
criteria were given, no protocol violations were observed by the study monitor.
Covariates were controlled by using clearly defined inclusion and exclusion criteria with patient characteristics presented in Fig. 1. In addition,
the primary endpoint (feasibility) and secundary efficacy endpoint involved objective outcome measures (surgery within 12 weeks, pCR rate),
limiting the impact of potential baseline covariates. The inclusion of stage Ill patients with extensive/bulky disease improved the assessment
and reliability of pathological outcome measures.

Blinding Blinding was not done. Patients and treating physicians were aware of the therapeutic intervention, as this involved a single-arm study with
only one treatment option.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
X Antibodies X[ ] chip-seq
|:| Eukaryotic cell lines |Z| |:| Flow cytometry
|:| Palaeontology |Z| |:| MRI-based neuroimaging

[] Animals and other organisms
|Z| Human research participants

[X] clinical data
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Antibodies

Antibodies used -Immunohistochemistry:
PD-L1 IHC 22C3 Ready-to-Use pharmDx qualitative immunohistochemical assay on a DAKO autostainer 48 system
Bcl6: Ready-to-use, Clone GI191E/A8, Cat. 5269008001, Roche
CD4: 1/25 dilution, Clone SP35, Cat. 104-R16, Cell Marquee
CD20: 1/800 dilution, Clone L26, Cat. M0755, Agilent (DAKO)
CD27: 1/1000 dilution, Clone EPR8569, Cat. ab131254 ,AbCam
CXCL13: 1/400 dilution, Clone AF801, Cat. AF801 R&D Systems
anti-mouse NP Multimer Ready-to-Use: Cat. 7425309001, Roche Diagnostics
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Validation

anti-mouse HQ Ready-to-Use: Cat. 7017782001, Roche Diagnostics

anti-HQ horseradish peroxidase Ready-to-Use: Cat. 7017936001, Roche Diagnostics
anti-NP AP Multimer Ready-to-Use: Cat. 7425325001, Rche Diagnostics
OmniMap anti-Goat HRP Ready-to-Use: Cat. 6607233001, Roche Diagnostics
-Multiplex Immunofluorescence:

CD3: 1/400 dilution, Clone P7, Cat RM-9107-S, ThermoScientific

CD8: 1/100 dilution, Clone C8/1448B, Cat M7103, DAKO

CD68: 1/500 dilution, Clone KP1, M0814, Dako

FoxP3: 1/50 dilution, Clone 236A/47, Cat ab20034, Abcam

CD20: 1/500 dilution, Clone L26, cat M0755, Dako

PanCK: 1/100 dilution, Clone AE1AE3, Cat MS-343P, Thermo Scientific

-TLS multiplex Immunofluorescence:

CD21: 1:5000 dilution, 2G9 Leica NCL-CD21_2G9

DC-LAMP: 1:1000 dilution, 1010E1.01 Dendritics DDX0191

CD23: 1:1000 dilution, SP3 Abcam ab16702

PNAD: 1:5000 dilution, MECA-79 Biolegend 120802

CD20: 1:5000 dilution, L26 Dako M0755

CD3: 1:1000 dilution, SP7 ThermoScientific MA1-90582

-The PD-L1 antibody was used as indicated by the supplier and implemented for bladder cancer at a certified clinical pathology
lab as approved by registration authorities (FDA, EMA).

-The IHC antibodies have been previously validated. Antibodies were tested on appropriate reference samples; Tonsil for T cell
and B cell related markers. Antibody specificity and sensitivity was assessed by evaluation of tissue and cell-specific staining
expression patterns in cellular compartments for each antibody. Co-staining experiments of CD4/BCL6 and CD20/CD27

were performed on serial FFPE sections of reference samples.

-Automated multiplex staining on Discovery Ultra Stainer:

All antibodies were previously validated for the use in brightfield immunohistochemistry staining, following certified diagnostic
laboratory protocols. Subsequently, the same antibodies were used with the OPAL immunofluorescence (IF) dyes. For each
antibody, tests were performed to assess the best position within the multiplex sequence, the best concentration and incubation
times. After initial set-up on lymphoid tissue, a Tissue Micro Array (TMA), with 50 (3 cores 0.6 mm per tumor tissue) bladder
tumor tissues, was stained and evaluated with a dedicated pathologist to assess the specificity of the multiplex staining.

-TLS: Multiplex IF antibodies were first optimized on lymphoid tissue, then on human bladder cancer samples. These antibodies
were introduced stepwise into a multiplex panel. Slides were subjected to heat induced antigen retrieval using the Trilogy buffer
(CellMarque) according to manufacturers protocol, blocked in 4% BSA PBS Triton-x100 and subjected to manual stepwise
immunostaining of the TLS panel. Details were described previously (Silina et al. 2018, Springer Protocols)

Human research participants

Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Adult patients, male or female, with high-risk resectable urothelial cancer (upper urinary tract allowed), defined as:

- cT3-4aNOMO OR cT1-4aN1-3M0

Patients refused neoadjuvant cisplatin based chemotherapy or in whom neoadjuvant cisplatin based therapy is not appropriate,
WHO performance status 0-1, naive for CTLA-4/PD-1/PD-L1 immunotherapy, and more than 18 years old.

Patients were recruited by either a urologists or medical oncologist from our bladder cancer clinic. Patients were generally
referred to the Netherlands Cancer Institute by outside hospitals. No specific bias in recruitment was identified.

METC-AVL (institutional review board of the Netherlands Cancer Institute)

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Clinical data

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration
Study protocol

Data collection

Outcomes

ClinicalTrials.gov: NCT03387761
Appendix in submission

Patients were enrolled at the Netherlands Cancer Institute between February 2018 and February 2019.

The data cut-off in the current manuscript was 1st September 2019.

Clinical data was collected through an eCRF by the clinical trial department of the Netherlands Cancer Institute. Clinical data was
analyzed by the department of biostatistics at the Netherlands Cancer Institute

The pre-defined primary outcome measure, feasibility (surgery within <12 weeks from start of study treatment), was determined
by the Pl together with the study biostatistician. Date of treatment start and surgery were verified in the clinical source data
(patient files) by trial data managers and inserted in the eCRF. Clinical data was monitored by the study monitor. Duration to
surgery was calculated and summarized by the study bioinformatician.

The main secondary endpoint, pathological complete response (pCR), was also pre-specified by the Pl and biostatistician.
Pathological response was determined by an experienced GU pathologist. Only complete absence of neoplastic cells (pTONO) was
marked as pCR.
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