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�
 ABSTRACT 

Purpose: Neoadjuvant treatment of bladder cancer is evolving, 
with immunotherapy demonstrating promising activity. PARP 
inhibition combined with immune activation has been proposed 
as a synergistic strategy. We conducted a comprehensive mo-
lecular characterization of tumors treated with this combination 
in the neoadjuvant setting to provide crucial results for rational 
development. 

Patients and Methods: A phase II clinical trial was designed to 
evaluate the combination of anti-PDL1 inhibitor durvalumab and 
PARP inhibitor olaparib, focusing on biomarker dynamics in 
both pre- and post-treatment settings. A total of 29 patients were 
enrolled. Genomic and transcriptomic profiling, as well as ana-
lyses of immune cell populations, was conducted at baseline and 
at the time of cystectomy. 

Results: Of the 29 patients treated, a pathologic complete re-
sponse was observed in 13 cases (44.8%). No major safety concerns 
were associated with the treatment, and 26 patients (90%) underwent 
cystectomy. Mutational patterns, tumor mutation burden, and ho-
mologous recombination deficiency remained stable throughout 
treatment and were not predictive of outcomes. However, a shift 
toward stromal phenotypes and increased expression of epithelial– 
mesenchymal transition signatures were observed following therapy, 
particularly in resistant tumors. Moreover, an increase in circulating 
CD4+ CD27� CD28� T cells was noted among responders. 

Conclusions: The combination of neoadjuvant durvalumab and 
olaparib shows therapeutic activity in bladder cancer. Resistance 
mechanisms seem to be driven by transcriptional adaptations rather 
than the emergence of new mutations. 

Introduction 
Systemic treatment in the perioperative setting of muscle-invasive 

bladder cancer (MIBC) represents a real opportunity to modify the 
natural history of the disease. Previous trials established the life- 
prolonging effect of neoadjuvant cisplatin-based chemotherapy (1). 
In addition, recently published results of the NIAGARA trial 
showed that the addition of perioperative durvalumab to neo-
adjuvant chemotherapy significantly improves event-free and 
overall survival (OS; ref. 2). Immunotherapy has shown consistent 

efficacy in advanced disease combined either with chemotherapy (3) 
or enfortumab vedotin (4) as maintenance and in the second or later 
lines (5–7). Whereas promising phase II studies have been com-
municated with immune checkpoint inhibitors (CPI), as single 
agents or in combination with chemotherapy in neoadjuvant ther-
apy (8, 9), pathologic complete response rates (pCRR), a possible 
surrogate for long-term efficacy, remain around 30% to 40%, similar 
to chemotherapy alone (10, 11). Interestingly, neoadjuvant clinical 
trials are incorporating comprehensive molecular analyses to predict 
response to therapy. Some of them, like COXEN or ABACUS, have 

1Instituto de Investigación Sanitaria HM Hospitales, Madrid, Spain. 2Department 
of Basic Medical Sciences, Institute of Applied Molecular Medicine (IMMA), Fac-
ultad de Medicina, Universidad San Pablo CEU, CEU Universities, Urban-
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even prespecified biomarkers as primary or coprimary endpoints 
(12, 13). 

Additionally, homologous recombination deficiency (HRD) has been 
studied across different tumor types as a common hallmark of cancer. 
Homologous recombination is the most important DNA repair pathway 
for properly repairing double-strand breaks. PARP inhibitors (PARPi), 
such as olaparib, are primarily effective in HR-defective tumors and have 
become a successful targeted therapy (14, 15). PARP inhibition promotes 
the accumulation of DNA damage in HRD tumors, leading to cell death 
through synthetic lethality. It is worth mentioning that HRD is present in 
a subset of bladder cancers and has been associated with leukocyte in-
filtration, lymphocyte fraction, and an immune-sensitive microenviron-
ment (16, 17). Also, results from trials assessing the combination of 
durvalumab and olaparib suggest a possible synergy due to an immu-
nogenic modulation, mediated by the STING pathway, along with in-
creased neoantigen production (18). Three randomized clinical trials 
(BAYOU, ATLANTIS, and Meet-URO 12) have assessed the efficacy of 
PARPis alone or in combination with immunotherapy in advanced 
bladder cancer (19–21). Though overall activity was modest, the results 
improved in cases selected based on their molecular alterations. Similarly, 
the BISCAY trial showed a modest trend toward a better response rate 
with durvalumab plus olaparib compared with durvalumab alone in a 
cohort of patients with HRD (ref. 22). Even so, the ATLAS trial did not 
find a relationship between HRD status and the efficacy of rucaparib (23). 
Unfortunately, the definition of HRD varies, with some authors adopting 
different genetic scores and others focusing on HR repair gene mutations. 

Thus, understanding how bladder cancer evolves when exposed 
to a combination of immunotherapy plus PARPi could be an effi-
cient strategy to integrate these drugs in the management of bladder 
cancer. With this scope, we designed a phase II clinical trial to assess 
the impact of neoadjuvant treatment with the combination of 
durvalumab plus olaparib on the molecular profile of MIBC. Effi-
cacy and safety outcomes were also assessed as secondary objectives. 

Patients and Methods 
Study design 

NEODURVARIB was designed as a multicenter phase II clinical 
trial and was registered in ClinicalTrials.gov (NCT03534492) prior 

to its start. The study was conducted in accordance with CONSORT 
guidelines and was sponsored by the Spanish Oncology Genito- 
Urinary Group [SOGUG-2017-AIEC(VEJ)-2]. The study population 
included patients with T2 to T4a bladder cancer aimed for radical 
cystectomy and eligible for systemic neoadjuvant therapy during 
6 to 8 weeks. Subjects eligible for cisplatin were included as deter-
mined by the investigators. Adjuvant treatment after cystectomy 
was allowed based on local clinical practice. Because molecular 
evolution of tumors was the primary objective of the study, rather 
than efficacy, cases with nodal involvement were accepted as long as 
a radical cystectomy was scheduled as part of the clinical manage-
ment. The main exclusion criteria were concurrent immunosup-
pressive medication and relevant contraindications for immunotherapy. 
The primary objective of this study was to assess the impact of 
neoadjuvant therapy with durvalumab plus olaparib on the mo-
lecular profile of resectable urothelial bladder cancer. To achieve 
this, mutational profiles and gene expression patterns were 
compared before and after treatment. Secondary objectives in-
cluded assessing the efficacy of the study combination in terms of 
pathologic response and radiologic response (based on RECIST 
1.1 criteria), determining the impact of molecular alterations on 
bladder cancer cases, and establishing the toxicity profile of this 
combination. Other exploratory translational objectives included 
studying predictive and prognostic biomarkers in tumor tissue 
and plasma samples, as well as advancing our understanding of 
this disease and the role of immunotherapy. 

Ethical and regulatory considerations 
The study was performed in accordance with the ethical princi-

ples of the Declaration of Helsinki and was consistent with the 
International Council on Harmonisation of Technical Requirements 
for Registration of Pharmaceuticals for Human Use (ICH)/Good 
Clinical Practice. The study protocol was approved by the Ethics 
Committee and Spanish regulatory authorities. Every patient pro-
vided written informed consent prior to enrollment. 

Sex as a biological variable 
Despite urothelial carcinoma being more prevalent in men than 

in women, sex has not been considered a biological variable of 
interest, assuming that the molecular mechanisms underlying its 
progression and the therapeutic efficacy of the inhibitors used in 
this clinical trial are not influenced by sex. 

Treatment protocol 
The subjects received two cycles of treatment for up to a maxi-

mum of 2 months, unless there was unacceptable toxicity, with-
drawal of consent, or another discontinuation criterion. A fixed 
dose of 1,500 mg of durvalumab (MEDI4736) via intravenous in-
fusion was administered on days 1 and 29 every 4 weeks (Q4W). 
Olaparib was administered orally twice a day at 300 mg for 8 weeks. 
Cystectomy was scheduled to be performed after these two cycles 
but could be conducted after the sixth week of treatment, as de-
termined by the investigator. Olaparib was required to be discontinued 
at least 7 days prior to cystectomy. All patients had safety assessments 
performed every cycle (cycle 2 day 1 and before cystectomy) and 
28 days after treatment discontinuation. No additional follow-up was 
conducted. 

Statistical analysis for determination of sample size 
We adopted the Fleming model to calculate sample size. Based on 

this model for a one-stage phase II trial, with a probability of type I 

Translational Relevance 
The inclusion of detailed molecular studies in the context of 

neoadjuvant clinical trials is crucial for identifying both thera-
peutic response markers and potential mechanisms of resistance. 
In this regard, the present phase II clinical trial includes the 
perioperative administration of immunotherapy (durvalumab) 
and PARP inhibitors (olaparib) in advanced urothelial carcino-
mas, a combination that has shown therapeutic efficacy in these 
and other solid tumors. In parallel, our study evaluates com-
prehensive genomic, transcriptomic, and immune profiles of 
both transurethral-resected and cystectomy samples, which has 
allowed us to confirm the activity of such combinations of in-
hibitors and demonstrate that the biological changes underlying 
therapeutic resistance are predominantly transcriptomic. How-
ever, the genomic and immune alterations resulting from neo-
adjuvant treatment or associated with the degree of therapeutic 
response are negligible. 
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error (α) ¼ 0.05 and power (1 � β) ¼ 0.8, setting up the lower 
proportion for rejection (p0) ¼ 0.2 and higher proportion for ac-
ceptance (pn) ¼ 0.40, the sample size required for this trial was 
29 patients. 

Statistical methods 
Categorical data were summarized in tables presenting frequen-

cies and percentages. Continuous data were summarized using the 
mean, median, SD, and range. The number of nonevaluable out-
comes and of missing data was also provided. The exact 95% con-
fidence interval (CI) of the response rate was included. Toxicity was 
described per patient to show all the adverse event (AE) informa-
tion, including severity and relationship with the study treatment. 
AEs were evaluated according to the NCI CTCAE v4.03 criteria, and 
postoperative complications were considered AEs. The statistical 
evaluation was performed using the software package IBM SPSS 
Statistics release version 22 (RRID: SCR_002865). 

Efficacy assessments 
The pCRR was analyzed based on the percentage of patients who 

obtained a pCR on cystectomy tumor sample. The number and 
percentage of subjects falling into each response category were also 
tabulated. The radiologic response rate was determined by CT/MRI 
and comparing baseline assessment values with those prior to 
cystectomy. 

Biomarker sampling and evaluation methods 
The biological responses to the study treatment were assessed at 

the Innovation Laboratory in Cancer at the Clara Campal Com-
prehensive Cancer Center. Archival bladder formalin-fixed, 
paraffin-embedded (FFPE) tumor blocks, collected as part of the 
patient’s normal clinical care, at the time of transurethral resection 
of bladder tumor (TURBT) and after the cystectomy surgery, were 
collected from each patient. Sections of the paraffin-embedded tis-
sue (2–4 μm) were independently assessed by a central pathologist 
(Pathognomics Ltd.). 

Tissue sample processing 
Hematoxylin–eosin sections of the paraffin-embedded tissue 

(2.5 μm) were analyzed by a central pathologist (Pathognomics Ltd.) 
to confirm histologic type, differentiation grade, tumor content, and 
presence or absence of vascular invasion. The pathologist also 
marked tumoral and nontumoral areas for further analysis, which 
included the extraction of both genomic DNA and total RNA. FFPE 
blocks were also used to obtain additional 2.5-μm sections, in which 
immune-related relevant markers were evaluated. In this regard, 
IHC was used to assess the number and composition of immune 
infiltrates to define the immune cell subsets present within FFPE 
tumor tissue before and after exposure to therapy. These IHC an-
alyses included the following markers: CD4, CD8, FOXP3, fibroblast 
activation protein (FAP), PDL1 (Sp142 clone, Ventana; evaluated 
either at the tumoral or immune area or as combined scored), 
granzyme B, and T-cell markers. These slides were assessed by the 
pathologist of the study to detect positivity on each determination. 

Omics studies and subsequent estimation of HR defects, 
bladder carcinoma subtyping, and immune populations 

The extraction of nucleic acids from paraffin-embedded samples 
enabled the identification of point mutations and chromosomal 
alterations in the samples under study through massive exome se-
quencing, as well as significant variations in gene expression via 

RNA sequencing (RNA-seq). Subsequent genomic data analysis 
facilitated the identification of potential alterations in variables as-
sociated with HR defects (ScarHRD package): loss of heterozygosity 
(LOH), telomeric allelic imbalances (TAI), and large-scale transi-
tions (LST; ref. 24). Additionally, transcriptomic results allowed for the 
determination of the urothelial carcinoma subtype (BLCAsubtyping; 
ref. 25) and the identification of potential immune system components 
altered in the comparisons of interest (Cibersort; RRID: SCR_016955; 
ref. 26). 

Whole-exome sequencing 
In brief, whole-exome sequencing (WES) was performed using 

tumor DNA isolated from FFPE tissues and using as a reference 
DNA isolated from normal tissue of the same patient or peripheral 
blood (Novogene). About 5 to 10 μg of DNA was needed from each 
sample. After DNA fragmentation, whole-exome capture was per-
formed using SureSelect Agilent Technology (Human All Exon V6, 
Agilent Technology). Library size and concentration were deter-
mined using Bioanalyzer 2100 (Agilent Technology), and exome 
sequencing was performed at a median coverage of 200� using 150- 
bp paired-end technology in a HiSeq2000 system (Illumina). Illu-
mina’s Real-Time Analysis software was used for image analysis and 
the base calling, and the programs GEM and BFAST were used for 
aligning the sequences of the human genome. The identification of 
single-nucleotide variants (SNV) and indels was performed with 
the program SAMtools. Variants filtering, selection of candi-
dates, and data analysis were performed in a similar way, based 
on our prior experience with these kinds of studies. The WES 
data generated in this study are uploaded to the European 
Genome–Phenome Archive (EGA) and are available under the 
accession number EGAC50000000471. 

ScarHRD package 
HRD-related scores, including TAIs, LOH, number of LSTs, and 

its combined score (HRD score) were estimated using scarHRD R 
package (https://github.com/sztup/scarHRD; ref. 24), which deter-
mines the levels of HRD based on next-generation sequencing, with 
either WES or whole-genome sequencing data. 

RNA-seq 
RNA-seq libraries were constructed and sequenced on an Illu-

mina HiSeq PE150 platform with 150-bp paired-end reads (Novo-
gene). After the quality control procedures, mRNA from eukaryotic 
organisms was enriched using oligo(dT) beads, and rRNA was re-
moved using the Ribo-Zero kit. Once random mRNA fragmentation 
and cDNA synthesis by using mRNA template and random hex-
amers primer were performed, a customized second-strand syn-
thesis buffer (Illumina), dNTPs, RNase H, and DNA polymerase I 
were added to initiate the second-strand synthesis. Following several 
steps which included terminal repair, a ligation and sequencing 
adaptor ligation, the double-stranded cDNA library was completed 
through size selection and PCR enrichment, and several quality 
control processes (Qubit 2.0, Agilent 2100 Bioanalyzer and Q-PCR). 
The qualified libraries were fed into Illumina sequencers after 
pooling according to its effective concentration and expected data 
volume. 

First-strand 150 bp paired-end reads were analyzed with the 
Nextpresso (27) pipeline as follows: sequencing quality was checked 
with FastQC v0.11.0 (RRID: SCR_014583). Reads were aligned to 
the human genome (GRCh38) with TopHat2 (RRID: SCR_013035; 
ref. 28) using Bowtie1 (29) and Samtools (RRID: SCR_002105; ref. 

1646 Clin Cancer Res; 31(9) May 1, 2025 CLINICAL CANCER RESEARCH 
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30), allowing 4 mismatches and 20 multihits. The GENCODE 
v36.GRCh38. Ensembl_102 gene annotation was used (RRID: 
SCR_014966; ref. 31). Read counts were obtained with HTSeq 
(RRID: SCR_005514; ref. 32). Differential expression and normali-
zation were performed with DESeq2 (RRID: SCR_000154; ref. 33), 
keeping only those genes with more than 2 normalized counts in at 
least 30% of the samples. Finally, those genes that had an adjusted P 
value below 0.05 FDR were selected. GSEAPreranked (RRID: 
SCR_003199; ref. 34) was used to perform gene set enrichment 
analysis (GSEA) to evaluate the potential implication of certain 
biological processes. Gene signatures were obtained from the Mo-
lecular Signatures Database (35), KEGG pathways (C2), cancer 
hallmarks (H), oncogenic signatures (C6), ontology gene sets (C5), 
and immunologic (C7) and chromosome (C1) locations (RRID: 
SCR_012773). Only those gene sets with significant enrichment 
levels (FDR q-value < 0.25) were considered. Raw and processed 
RNA-seq data are publicly available from the Gene Expression 
Omnibus (RRID: SCR_005012) database with the ID GSE225066. 

Identification of components of the immune system 
We used Cibersort analytical tool (RRID: SCR_016955) to impute 

gene expression profiles and provide an estimation of the abun-
dances of different cell types derived from the immune system (NK 
cells, näıve and memory B cells, myeloid subsets, plasma cells, and 
T-cell types, among others) in a mixed cell population (36). 

Transcriptomic classifier 
BLCAsubtyping in silico tool was used to classify our cohort of 

bladder carcinomas according to six previously published classifi-
cation systems [Baylor College of Medicine, University of North 
Carolina, MD Anderson Cancer Center, Lund University, The 
Cancer Genome Atlas (TCGA) consortium, and Cit-Curie]. These 
classifiers were merged into an R package (R Foundation for Sta-
tistical Computing) that is documented and freely available at 
https://github.com/cit-bioinfo/BLCAsubtyping (25). 

Flow cytometry analyses and sorting of immune-related cells 
Blood extractions were performed before initiating treatment 

(cycle 1 day 1), 4 weeks later (cycle 2 day 1), the day of cystectomy 
(before surgery), and 4 weeks later (follow-up; Supplementary Fig. 
S1). Ten milliliters of peripheral blood was collected in 10-mL 
heparin-containing tubes and mixed with 10 mL of ice-cold PBS. 
The cell suspension was laid over 15 mL of Ficoll-Hypaque (GE 
Healthcare Europe GMBH) gradients in 50-mL tubes and centri-
fuged at 2,200 rpm for 20 minutes at 20°C. The leukocyte layer was 
resuspended in 5 mL ice-cold PBS. Subsequently, cells were stained 
with fluorochrome-conjugated mAbs (Supplementary Table S1). 
Stained cells were analyzed using a FACSCanto flow cytometer 
(Beckman Coulter). FlowJo software (RRID: SCR_008520; TreeStar) 
was applied for data analysis, and fluorescence minus one controls 
were used. 

Data availability 
Qualified scientific and medical researchers may request molec-

ular data underlying the results reported in this article, following 
deidentification. Data requests will be evaluated and approved by 
the co-corresponding authors. Omics raw data from this study 
are publicly available in the Gene Expression Omnibus database 
(RNA-seq; RRID: SCR_005012) with the ID GSE225066 and the 
EGA (WES, RRID: SCR_004944) under the accession number 

EGAC50000000471. Both datasets are accessible upon reasonable 
request from the corresponding author. 

Results 
Patient demographics 

Between November 2018 and October 2019, 39 eligible patients 
were identified, of whom 29 ultimately enrolled. Reasons for 
screening failure included the decision to proceed with cystectomy 
without neoadjuvant treatment in five patients (50%), as well as 
nonmeasurable disease, active infection, patient unwillingness to 
comply with protocol procedures, renal insufficiency, and altered 
laboratory tests in one case each (10%; Supplementary Fig. S2). 
Demographic characteristics are summarized in Table 1, and rep-
resentativeness of the study participants is shown in Supplementary 
Table S2. Twenty-six (90%) patients were male. Seventeen (59%) 
had an Eastern Cooperative Oncology Group performance status 
(ECOG-PS) of 0, and 12 (41%) had an ECOG-PS of 1. The median 
age was 69 years (range, 43–85). Tumor staging revealed T2 in 23 
(79%) patients, T3 in 4 (14%), and T4 in 2 (7%). Additionally, nodal 
spread was observed in four patients (13%). One case was deemed 
N2, one N3, and one M1a, with one case considered N-positive 
without specifying the category. Twenty-five (86%) had pure uro-
thelial cancers, whereas 4 (14%) presented mixed histology with a 
squamous component. Three (10%) patients had a history of prior 
non-MIBC. 

Clinical outcomes and analysis 
Radiologic response was evaluable in 25 cases, resulting in an 

overall response rate of 28% [95% CI, (10.4%–45.6%)]. Stable dis-
ease was observed in 15 patients (60%), yielding a clinical benefit 
rate of 88% [95% CI, (75.3%–100%)]. Disease progression was 
deemed as the best tumor response in three cases (12%; Table 2). 
Among the 29 patients treated, a pCR was observed in 13 cases 
[44.8%; 95% CI, (31.9%–68.1%)]. None of the three cases that ex-
perienced progression during treatment underwent bladder 
resection. 

The median time on treatment was 7 weeks (range, 0.3–9.4), with 
the majority of patients (93.1%) receiving two neoadjuvant cycles 
(Supplementary Tables S3A and S3B). Temporary interruptions 
occurred in four cases (14%) due to hematuria, exacerbation of 
chronic obstructive pulmonary disease, febrile syndrome, and di-
arrhea, with one case each (Supplementary Table S3C). Grade 
3 toxicity (neutropenia) was observed in 3.4% of patients, which was 
deemed to be related to the study drugs (Supplementary Table S4). 
The safety profile was manageable, with no unexpected AEs, no 
need for olaparib dose reduction, and no surgery delays due to 
toxicity. Discontinuation of combination treatment was neces-
sary in two cases, one due to sepsis and another due to grade 
3 chronic obstructive pulmonary disease exacerbation (Supple-
mentary Table S5). Four cases (14%) experienced postoperative 
complications, including two cases of grade 3 wound eviscera-
tions and two deaths. All complications were deemed unrelated 
to the study treatment. 

Molecular assessments 
Samples for assessing the impact of neoadjuvant treatment with 

durvalumab plus olaparib on the molecular profile of resectable 
urothelial bladder cancer (the primary endpoint of the study) were 
available from TURBT in 29 cases and from cystectomy in 26. A 
comprehensive IHC panel analysis, WES, and RNA-seq were 
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performed. Peripheral blood samples were obtained from 29 pa-
tients for flow cytometry analysis of circulating immune cells. 
Sample collection was scheduled on day one of both treatment cy-
cles, at the time of surgery, and 4 weeks after cystectomy (follow-up 
visit; Supplementary Fig. S1). Cases were categorized as responders 
or nonresponders based on the achievement of a pCR. 

IHC 
Considering the administration of durvalumab in the neo-

adjuvant setting in our trial and the therapeutic potential associated 
with other immune checkpoint inhibitors in previous clinical trials, 
we evaluated the expression levels of various markers related to the 
main immune system populations. We then correlated these levels 
with potential changes between the study samples (TURBT vs. 
cystectomies) or with the degree of response at baseline. Whereas 
nonsignificant changes were observed for FOXP3, PDL1 combined 
positive score (CPS), and PDL1 at immune component, FAP and 
PDL1 staining significantly increased in tumoral cells after the ad-
ministration of the combination of durvalumab plus olaparib 
(P ¼ 0.049 and P ¼ 0.009, respectively; Fig. 1A; Supplementary File 
S1). In contrast, we observed higher expression of markers related to 
T cell–mediated response (CD4 and CD8) in the diagnostic samples, 
with these changes being significant for CD4 (P ¼ 0.006) and 
showing a statistical trend for CD8 (P value ¼ 0.08; Fig. 1A; Sup-
plementary File S1). 

The inclusion of a representative number of patients diagnosed 
with squamous cell carcinomas (SCC; n ¼ 4) in our study allowed 
us to evaluate whether the expression of these immune markers 
showed differential patterns between this histology subtype and the 

conventional urothelial carcinoma (n ¼ 25). In this case, we ob-
served notable differences in the PDL1 CPS, which was significantly 
higher for SCCs (P value ¼ 0.002; Fig. 1B). Only one of these four 
cases presented a CPS < 10 at baseline and reported disease pro-
gression as the best response (Fig. 1B). Thus, all three cases with a 
squamous component and CPS > 10 achieved a pCR. 

Finally, we evaluated whether the expression values of these markers 
in the baseline TURBT samples correlated to any extent with the clinical 
response of the patients under study, categorizing them as nonresponders 
and responders. In this regard, no difference was observed between those 
groups regarding PDL1, FAP, CD8, CD4, FOXP3, or granzyme B 
staining (Fig. 1C). Staining scores for these immune markers are avail-
able as Supplementary Materials (Supplementary File S1). 

WES 
From a genomic perspective, we decided to characterize the most 

frequent point mutations and genomic alterations in our cases by 
performing WES on both diagnostic and surgical samples. The analysis 
of the results demonstrated a high sequencing depth (average 229�) 

Table 2. Radiologic response, RECIST 1.1 criteria.a 

Radiologic response N % 

Partial response 7 28 
Stable disease 15 60 
Progressive disease 3 12 
Total 25 100 

aDetermined in 25 cases with complete assessment of response. 

Table 1. Patient demographics. 

Median Range 

Age 69 43–85 
Value % 

Gender Males 26 90 
Race Caucasian 29 100 
Eastern Cooperative Oncology 

Group performance status 
0 17 59 

1 12 41 
Histology Transitional 25 86 

Mixed (squamous) 4 14 
Tumor–node–metastasis Tumor 2a 13 45 

2b 10 34 
3a 4 14 
4a 2 7 

Node 0 15 52 
1 3 10 
2 1 3 
X 9 31 
NA 1 3 

Metastasis 0 23 79 
1 1 3 
Mx 4 14 
NA 1 3 

Stage I 1 3 
II 15 52 
IIIA 5 17 
IIIB 2 7 
IVa 3 10 
NA 3 10 
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and a high percentage of correctly mapped reads (>99%), with an 
average of 124 million sequences per sample (Supplementary File S2). 
Notably, the percentage of mutations detected in genes frequently al-
tered in our urothelial carcinoma baseline setting was similar to that 
described in previous seminal works (TCGA consortium and ABACUS 
study; refs. 37, 38; Supplementary Files S3 and S4). 

Given that the anatomopathologic evaluation of radical cys-
tectomy tissue from certain patients with complete radiologic re-
sponse identified areas containing a residual percentage of tumor 
cells compared with the proportion of other tissue components, we 

decided to also perform WES on cystectomy tissues from responder 
patients. Although genomic profiling of these regions revealed 
common profiles between diagnostic and cystectomy samples 
(Fig. 2A) in responders (especially for samples ID#2 and #17), the 
ratio of allele frequencies (cystectomy/TURBT) of different variants 
detected in these genes previously associated with the develop-
ment of urothelial cancer decreased dramatically in responders 
(0.3-fold change). However, in nonresponders, the allele fre-
quencies remained stable (1.1-fold change), representing statistically 
significant differences between the groups (Fig. 2A). Consistent 
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Figure 1. 
IHC profiling of samples under study. A, IHC 
patterns at baseline TURBT compared with 
cystectomy (CYST). PDL1 staining was assessed 
as the CPS but also in tumor cells (tumor) and 
immune cells separately (noted as “PDL1 tumor” 
and “PDL1 immune,” respectively). Mann– 
Whitney U test. B, Comparison of the median 
CPS between tumors with a squamous com-
ponent (SCC) and pure urothelial cancers 
(Mann–Whitney U test) and sectorial graph 
depicting the response to treatment (blue: pCR; 
orange: progressive disease). Numbers repre-
sent the CPS. C, Percentage of patients who 
achieved a clinical response (green bars) vs. 
those who did not (red bars), classified by the 
positive or negative expression of different IHC 
markers in the baseline (TURBT) sample [PDL1, 
PDL1 in tumor cells, PDL1 in immune cells, FAP, 
CD8, CD4, FOXP3, and granzyme B (GZMB); 
Fisher t test]. NR, nonresponder; R, responder. 
Degrees of statistical significance: ns, nonsig-
nificant; *, P < 0.05; **, P < 0.01. 
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with these findings, we also observed a greater reduction in the total 
number of concordant alterations comparing responders versus 
nonresponders (P < 0.0005, Fig. 2B), which would support a rela-
tionship between the molecular findings and the radiographic re-
sponses observed in responders. This behavior was also evident 
when comparing the mutational profiles of the 29 most frequently 
altered genes in bladder cancer, as reported by TCGA (Fig. 2C; ref. 
37). Globally, these data also indicated a significant reduction in the 
fraction of tumoral cells in surgical specimens from responders and 
confirmed the clinical response of patients from a molecular perspective. 

Tumor mutational burden (TMB) and HRD, determined as a 
composite score including LOH, TAIs, and LSTs, remained un-
changed between TURBT and cystectomy (Fig. 2D and E). Addi-
tionally, no differences were observed between baseline samples in 
responders and nonresponders in terms of mutational patterns, 
TMB, or HRD (Supplementary Fig. S3A and S3B). 

Considering the biological relationship between the presence of 
defects in genes related to HR in solid tumors and the clinical re-
sponse of these neoplasms to PARPis, we compared the presence of 
pathologic variants in the BROCA gene set according to the clinical 
response and the mutational status of our cohort. This panel has been 
widely used as an indirect assessment of HRD and comprises 84 HR- 
related genes harboring actionable mutations detected in breast and 
ovarian carcinomas. In this regard, there was no difference in the 
number of BROCA mutations considering the clinical response (re-
sponders vs. nonresponders; Supplementary File S3). However, a 
positive correlation was observed between TMB and the number of 
variants affecting BROCA-related loci (Supplementary Fig. S3C). This 
association reached statistical significance when comparing wild-type 
tumors versus tumors harboring BRCA1 or BRCA2 mutations 
(P < 0.001; Supplementary Fig. S3D; Supplementary File S3). 

Overall, the results obtained from the WES reflect that these tumors 
do not undergo significant genomic alterations as a consequence of the 
neoadjuvant treatment. Additionally, the genomic variables under study 
were unable to predict the degree of clinical response in the patients. 

Gene expression comprehensive profiling 
The transcriptomic studies were conducted on a total of 26 sam-

ples, including 16 collected prior to neoadjuvant treatment. To 
identify potential molecular categories associated either with the 
treatments used (cystectomy vs. TURBT) or with the clinical response 
observed in patients (responders vs. nonresponders), we proceeded to 
analyze the transcriptomic results obtained from both comparisons 
using GSEA (Supplementary Files S5 and S6). In the comparison 
between posttreatment samples and baseline samples, we identified 
28 enriched categories in posttreatment patients (FDR < 0.25), with 
12 of 28 showing a corrected P value < 0.001, Fig. 3A), which were 
predominantly associated with changes in cellular phenotype 
[epithelial–mesenchymal transition (EMT)] and immune and in-
flammatory responses (IFN-mediated processes, STAT-IL factors, or 
TNF). Regarding the enriched pathways in TURBT samples, we 
primarily observed categories related to cell-cycle regulation (E2F, 
G2M checkpoint, and MYC oncogene; FDR < 0.25; Fig. 3A). In 
identifying molecular signatures associated with patients’ therapeutic 
sensitivity, GSEA analysis revealed statistically significant categories 
similar to those observed in the comparison between cystectomy and 
TURBT. It is worth mentioning that enrichment of signatures asso-
ciated with EMT and immune and inflammatory responses was ob-
served in nonresponding patients (Fig. 3B). Conversely, samples from 
responding patients showed associations with categories related to 
cell-cycle checkpoint (Fig. 3B). 

Subsequently, we attempted to identify potential enriched chro-
mosomal regions, either in responding or nonresponding patients, 
as a result of significant variations in the expression of genes located 
in these genomic regions. In this regard, responding patients 
showed greater enrichment of regions located on the long arm of 
chromosome 13 (FDR < 0.001; Fig. 3C), notably the 13q14 band, 
which includes the RB1 tumor-suppressor gene. In contrast, non-
responding cases were associated with enrichment of chromosomal 
regions on the long arm of chromosome 1 (FDR < 0.001), among 
other areas of interest (Fig. 3C). Specifically, a correlation was de-
tected with the 1q23 region, which contains the DEDD locus, and 
the 1q21 region, which includes the S100A8 and S100A9 genes, 
among others. Accordingly, the analysis of differentially expressed 
genes between responders and nonresponders yielded significant 
data for both genes (S100A8/S100A9, log2 FC: 5.35 and 4.95, ad-
justed P value: 9.18e�10 and 1.06e�10, respectively; Fig. 4A). In the 
same figure, other differentially expressed genes in the two com-
parisons of interest are also shown, which, although potentially 
relevant to disease progression, do not exhibit a priori an obvious 
biological relationship with urothelial carcinoma. 

Finally, we compared the mutational patterns obtained through 
WES for certain genes of interest (FGFR3 and TP53, among others) 
with the expression levels of functionally related genes (Supple-
mentary Fig. S4A). In this regard, we observed a clear correlation 
between the presence of alterations in FGFR3, whether TACC- 
rearrangements or pathogenic point mutations, and an increase in 
the expression of its corresponding messenger RNA (Supplementary 
Fig. S4B, P value < 0.01). In contrast, the presence of inactivating 
TP53 mutations was significantly associated with decreased ex-
pression of MDM2, a well-known negative regulator of TP53 
(Supplementary Fig. S4C, P value < 0.005). 

Tumor taxonomy 
In order to estimate the molecular subtype to which the samples 

from our study patients belong, we used the in silico program 
“BLCAsubtyping” (25). This tool, which allows associating tran-
scriptomic profiles with six different classifiers (Baylor College of 
Medicine, University of North Carolina, MD Anderson Cancer 
Center, Lund University, TCGA, and MIBC), demonstrated an al-
most complete association of alterations in the FGFR3 locus with the 
luminal papillary phenotype (MIBC classifier, four of five cases) and 
a strong correlation between the presence of inactivating TP53 
mutations and the basal/squamous, luminal unstable, and neuro-
endocrine phenotypes (MIBC classifier, seven cases; Fig. 4B). It is 
also worth noting that of the cases for which we had paired samples 
(six patients), three showed concordance between the diagnostic 
sample and the cystectomy (two cases with a basal/squamous phe-
notype and one classified as neuroendocrine). However, the 
remaining three patients progressed from an initial unstable luminal 
or papillary phenotype to a basal/squamous profile in the surgical 
sample. These findings suggest that the main molecular changes 
induced in patients as a result of neoadjuvant treatment occur at the 
transcriptional level. 

Immune infiltration in tumor tissue 
With the aim of determining to what extent neoadjuvant treat-

ment modified the immune component associated with the tumor 
in the tumor microenvironment, we utilized Cybersort, an analytical 
deconvolution tool for expression data to facilitate an estimation of 
the relative abundance of 22 different immune populations. In this 
regard, no significant differences were found in these populations 
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either based on the sample (pre- and post-treatment) or based on 
clinical response (responders vs. nonresponders; Supplementary 
Fig. S5). 

Immune populations in peripheral blood 
Concurrently, the systematic collection of peripheral blood from 

the patients under study at different points of the neoadjuvant 
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Figure 3. 
Functionally enriched categories in transcriptomic studies for the comparisons of interest [baseline samples (TURBT) vs. cystectomies or nonresponders vs. 
responders]. A and B, Enriched categories for the Hallmark gene sets (Human MSigDB Collections—GSEA) in samples from cystectomies (posttreatment) vs. 
TURBTs (baseline). A, Enriched categories for the Hallmark gene sets (Human MSigDB Collections—GSEA) in nonresponders compared with responders (B). C, 
Enriched categories for the gene set corresponding to human chromosome cytogenetic bands (Human MSigDB Collections—GSEA) in the comparison of 
nonresponders compared with responders. Yellow bars indicate categories enriched in the study group, whereas blue bars indicate categories enriched in the 
control group, with a statistical significance of FDR < 0.25 (A) or <0.025 (B and C), respectively. The dashed vertical line reflects an FDR value of <0.001. The 
GSEA curves for the most significantly enriched categories are shown to the right of the bar graphs. 
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treatment (Supplementary Fig. S1) aimed to estimate different cir-
culating immune populations and potentially correlate any changes 
over time with the clinical response of the patients. To this end, 
comprehensive panels of flow cytometry were designed and applied 
to determine the percentage and phenotype of different subsets of 

myeloid cells, effector CD4+ and CD8+ T lymphocytes, and T reg-
ulatory cells (Supplementary File S7; Supplementary Table S1), 
assessing dynamic changes in these immune subsets. No statistical 
differences were detected between responders and nonresponders in 
most of the immune populations. Interestingly, CD4+ T 
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lymphocytes with low expression of CD27 and CD28, indicative of 
effector memory T cells, showed a trend toward a higher concen-
tration in responders at baseline and increased throughout treat-
ment, reaching statistical significance at follow-up (P ¼ 0.04; 
Supplementary Fig. S6). 

Discussion 
NEODURVARIB is a phase II clinical trial that assessed the 

molecular modifications induced by the combination of durvalumab 
plus olaparib as neoadjuvant treatment in bladder cancer. A path-
ologic response rate of 44.8% was achieved in 29 cases included in 
the trial. Although genomic variants remained stable throughout 
treatment, an increased activation of the EMT signature was ob-
served at the time of cystectomy and in nonresponders Thus, 
transcriptomic adaptations, rather than genomic alterations, seem to 
lead to differential clinical outcomes in this disease. 

Perioperative treatment in MIBC has been shown to improve OS; 
therefore, the development of new combinations and the under-
standing of resistance mechanisms in this scenario have become a 
priority (1). Three randomized clinical trials have assessed the ef-
ficacy of PARPis in advanced bladder cancer (19–21). The BAYOU 
study compared the combination of durvalumab plus olaparib 
versus durvalumab plus placebo. Although no difference was 
observed in the whole study population, cases with homologous 
recombination repair gene mutations achieved a longer progression- 
free survival. The ATLANTIS study assessed the role of rucaparib as 
maintenance therapy in patients with a DNA repair deficiency 
phenotype. Though recruitment was prematurely stopped due to the 
approval of avelumab in this setting, a difference in progression-free 
survival favoring PARPis was reported. However, the ATLAS trial 
did not find a relationship between HRD status and the efficacy of 
rucaparib (23). Finally, the Meet-URO 12 trial studied niraparib as 
maintenance therapy in an unselected population, with no benefit 
compared with best supportive care. Overall, these results highlight 
the relevance of improving molecular determinants of sensitivity 
and resistance to PARPis in bladder cancer. 

Based on the proven activity of immunotherapy in metastatic 
disease and the potential synergy with a PARPi, we designed a phase 
II trial that aimed to describe the evolution of the molecular alter-
ations of bladder cancers under durvalumab plus olaparib (17). In 
our series, 13 of 29 eligible cases (45%) achieved a pCR. This is in 
line with prior studies that have communicated a pathologic re-
sponse rate of 30% to 40% with both chemotherapy and immuno-
therapy (alone or in combination; refs. 3, 8, 9). The pathologic 
response rate is key, as it has been proposed as a surrogate marker of 
OS (10). However, the relatively small study population in our study 
and the high percentage of T2 tumors (79%) make comparison with 
other series challenging. Unfortunately, three patients progressed 
during neoadjuvant treatment and could not undergo cystectomy as 
scheduled. These numbers are similar to most neoadjuvant trials, 
which have communicated progressive disease rates of around 
16% to 20% and compliance with cystectomy between 80% and 
90% (1, 8, 9, 11). 

It is important to highlight that this is an exploratory trial with 
limitations that should be considered when interpreting the results. 
The small population and lack of randomization in the design make 
it difficult to evaluate the efficacy and safety data of the durvalumab 
and olaparib combination. Additionally, the short follow-up does 
not allow for the assessment of long-term outcomes or late AEs, 
which should be explored further. 

Regarding the molecular characteristics of tumors at baseline, 9 
(34.6%) cases showed PDL1-positive staining. This is similar to other 
neoadjuvant studies, such as ABACUS, but higher than in trials in the 
metastatic setting (i.e., Imvigor210; refs. 39, 40). Patients with a SCC 
component at the initial biopsy showed a significantly higher CPS, and 
75% of them achieved a pCR. Interestingly, the only patient who pro-
gressed had the lowest CPS (below 10). These results are in line with a 
prior experience with pembrolizumab within the PURE01 trial, in which 
eight SCC bladder tumors were included (41). Investigators demonstrated 
a higher PDL1 expression and mutational load in these tumors. Also, they 
achieved a higher response rate than urothelial cancer or other subtypes. 

In this study, the combination of durvalumab and olaparib sig-
nificantly increased the expression of PDL1 and FAP. Both proteins 
have been associated with mechanisms of immune evasion and 
could reflect a reaction of the tumor and its environment under the 
pressure of a CPI (42). Though these results could suggest FAP as a 
potential target in bladder cancer, no differences were observed between 
responders and nonresponders. On the contrary, CD4 decreased and 
CD8 presented a similar trend after treatment. Because this change had 
no impact on the outcome, it could just reflect the hematologic toxicity 
of olaparib rather than a significant immunosuppression (43). 

WES did not show meaningful differences between baseline and 
posttreatment samples. Mutational patterns, TMB, and HRD score 
remained stable throughout treatment, and no differences were ob-
served between responders and nonresponders. Although TMB is 
considered a biomarker of sensitivity to immunotherapy, in a similar 
way as HRD is to PARPis, objective responses in cases with low TMB 
or non–HR-deficient tumors are not unusual (44, 45). Interestingly, a 
trend was observed between the number of mutations in genes in-
cluded in the BROCA panel, which is considered a surrogate of 
HRDs, and a higher TMB. This association became significant when 
the analysis was restricted to BRCA1 and BRCA2, the main genes 
responsible for the development of HRD gynecologic tumors. These 
results are in line with prior communications that have described 
higher DNA alterations and enriched immune infiltration in tumors 
with HRD (17). However, CPIs have not shown clear activity in 
tumors typically associated with HRD, like ovarian cancer (46). 

The genomic stability of bladder cancer cells during treatment 
with the combination of an anti-PDL1 and a PARPi suggests that 
subsequent therapies should focus on targeting proteins like FAP, 
which is overexpressed after therapy, as shown in this study, or 
proteins constitutively present in bladder cancer, like nectin 4. 
Drugs targeting epigenetic processes could also be explored; con-
versely, searching for resistance mutations or developing targeted 
therapies against such mutations may be less attractive strategies. 

In contrast to the genomic stability shown by WES, RNA-seq 
revealed a remarkable evolution of transcriptomic patterns during 
treatment. Twelve cancer hallmark signatures were enriched at cys-
tectomy compared with TURBT. Interestingly, three of these patterns 
(EMT, inflammatory response, and TNFα signaling via NF-κB) were 
also overexpressed in nonresponders. EMT has been widely consid-
ered a predictor of poor prognosis and a resistance mechanism to 
both chemotherapy and immunotherapy (47–50). Thus, our data 
support the notion that targeting this molecular profile could improve 
the efficacy of immunotherapy, alone or in combination, and should 
be included in the molecular analysis of future studies. Regarding the 
TNFα via NF-κB category, it could be particularly interesting in this 
clinical context because, beyond its role in immune activation, NF-κB 
has been involved in KRAS oncogenic transformation (51). Though 
KRAS mutations are infrequent in bladder cancer, overexpression of 
pathways involving this gene in both posttreatment and 
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nonresponding samples could indicate a role as a mechanism of re-
sistance. This could be especially interesting nowadays, when target-
ing KRAS has become a real option in some tumors (52). 

On the other hand, the signatures “E2F targets” and “G2M 
checkpoint,” identified as poor prognosis signatures in prior studies, 
were downregulated after treatment in our study population (53). 
Whether this repression could partially explain the significant 
pathologic response rate achieved by the combination of CPIs and 
PARPi remains speculative and should be confirmed in further 
studies. It is worth noting that the TGFβ signature was overex-
pressed at cystectomy. This finding is in line with previous studies 
that have established TGFβ as a key step in immune evasion and 
resistance to neoadjuvant immunotherapy (38, 53). 

Also important, IFN-γ and IFN-α response signatures were upre-
gulated in cystectomy samples and nonresponders. This conflicts with 
published data from the PURE01 trial, which assessed the efficacy of 
pembrolizumab alone as neoadjuvant treatment, in which both pro-
files were associated with a better response (3). Interestingly, these 
signatures played no role in a control cohort with chemotherapy. 
Thus, discrepancies could be due to the small sample size of both 
studies or the presence of olaparib in our combination. This high-
lights the importance of the clinical context when trying to under-
stand the immune system and identify reliable markers of response. 

Finally, our study did not show significant differences between 
immune cell populations at baseline and posttreatment samples nor 
when comparing responders versus nonresponders in peripheral 
blood. However, a trend toward higher levels of circulating 
CD4 T cells with undetectable levels of CD27 and CD28 was ob-
served at all time points and became significant at follow-up. This 
cell subset has been reported to increase in the elderly and involves 
both effector memory T cells and terminal effector T cells (54, 55). 
Whether this population could lead to sustained disease control will 
be explored in future long-term analyses. 

In summary, transcriptomic adaptations, rather than genomic 
modifications, determined resistance to neoadjuvant therapy with 
durvalumab and olaparib. Although these data should be properly 
validated, they should be considered when designing clinical trials 
or developing new drugs in this setting. 
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