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 Introduction

Muscle-invasive bladder cancer (MIBC) is an aggressive disease with limited treat-
ment options. For the approximate 25–30% of patients who present with MIBC, the 
recommended treatment option is neoadjuvant cisplatin-based chemotherapy (NAC) 
followed by pelvic lymph node dissection and removal of the bladder (radical cys-
tectomy; RC) [1, 2]. Despite this aggressive treatment regimen, the 5-year overall 
survival rate is only approximately 55% from the time of surgery, highlighting an 
unmet clinical need for better patient stratification and improved therapeutic inter-
vention [3]. Patients who are ineligible for NAC are recommended to proceed to 
immediate cystectomy [4], where the outcomes for these patients are poor [1, 5]. 
For these reasons, there is a significant unmet need for improved patient stratifica-
tion and additional treatment options for both cisplatin-eligible and cisplatin- 
ineligible patients.

Immune checkpoint blockade (ICB) has emerged as a promising therapy for 
metastatic urothelial carcinoma, with several checkpoint inhibitor drugs been 
approved in the second-line setting for patients who have progressed with cisplatin- 
based chemotherapy [6–10]. The application of IBC in earlier disease stages is also 
being investigated, with atezolizumab and pembrolizumab having received approval 
for use in the first-line setting for patients who are cisplatin ineligible and are PD-L1 
positive [11]. The higher mutational rates in primary bladder cancer tumors [12, 

J. J. de Jong 
Erasmus University Medical Center, Department of Urology, Rotterdam, The Netherlands
e-mail: j.j.dejong@erasmusmc.nl 

E. A. Gibb (*) 
Veracyte, Inc., Vancouver, BC, Canada
e-mail: ewan.gibb@veracyte.com

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-80546-3_4&domain=pdf
https://doi.org/10.1007/978-3-030-80546-3_4#DOI
mailto:j.j.dejong@erasmusmc.nl
mailto:ewan.gibb@veracyte.com


38

13], coupled with significant immune infiltration levels [14, 15], make checkpoint 
inhibitors a rational and attractive avenue of neoadjuvant therapy.

There are numerous ongoing clinical trials evaluating the use of checkpoint 
inhibitors in the neoadjuvant setting (Fig. 4.1). These clinical trials have showed 
pathological response rates comparable to platinum-based chemotherapy ranging 
between 31% and 46% [16–23]. Unfortunately, these lower positive responses mean 
most patients are not receiving benefit from neoadjuvant checkpoint therapy, further 
emphasizing the need to improve our understanding of the mechanisms driving 
treatment response. Moreover, treatment decisions are becoming increasingly com-
plex as novel immune and targeted therapies are developed and approved, where 
they provide compelling alternatives to current standard of care therapies, such as 
chemotherapy, radiation therapy, and radical cystectomy. With these challenges in 
mind, the development and application of biomarkers will be instrumental to improv-
ing patient selection, ultimately driving immune therapy toward standard of care.

Unfortunately, many of the clinical trials to date have limited biomarker- 
associated data or the data is generated using inconsistent methodologies, making a 
direct comparison between trials challenging. The data available for post-treatment 
radical cystectomy specimens is also limited, leaving a rather large knowledge gap 
around the impact of immune therapy on tumor biology and resistance mechanisms. 
One advantage of the neoadjuvant setting is access to untreated primary tumor tis-
sue, which can facilitate biomarker discovery for key endpoints including patho-
logical response and patient outcomes [24]. Moreover, access to matched patient 
tumor tissue post-treatment can provide key data to facilitate the characterization of 
resistance mechanisms. Finally, detailed characterization of post-treatment tissues 
can provide a foundation to begin to inform adjuvant treatment decisions. Although 
studies comparing tumor tissue pre- and post-treatment are limited, the available 
data is intriguing, with the emerging trends for each of these trials providing key 
insights into neoadjuvant checkpoint therapy.
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Fig. 4.1 Clinical trials involving checkpoint inhibitors in the neoadjuvant setting
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In this chapter, we discuss the molecular characterization of MIBC tumors 
treated with systemic IBC, focusing on biomarker discovery opportunities where 
tumor tissue was profiled before and after therapy. We will focus our discussion on 
four major clinical trials including ABACUS (atezolizumab), PURE-01 (pembroli-
zumab), NABUCCO (ipilimumab), and MDACC (neoadjuvant durvalumab plus 
tremelimumab) [16–19], illustrating the similarities from the perspective of bio-
markers in MIBC.

 The ABACUS Trial: Neoadjuvant Atezolizumab

The ABACUS trial is a single-arm, phase 2 study that investigated the use of two 
cycles of neoadjuvant atezolizumab (anti-PD-L1) for operable MIBC (cT2- 4aN0M0), 
including patients who were ineligible for cisplatin-based chemotherapy [19]. Of 
the 95 patients recruited, 88 were assessable for the primary endpoint which was 
complete pathological response at radical cystectomy surgery. With 27 out of 88 
patients (31%) achieving a complete pathological response, the trial met the pri-
mary endpoint and showed a 1-year relapse-free survival of 79%, with a median 
follow-up of 13.1 months. For this study, tumor tissue was profiled from untreated 
TURBT samples and matched post-atezolizumab radical cystectomy samples 
(ClinicalTrials.gov Identifier: NCT02662309).

 Immunohistochemistry

Baseline PD-L1 positivity was assessed on immunohistochemistry (IHC), using 
SP142 assay at the ≥5% immune cell staining threshold. For pretreated tumor tissue, 
PD-L1 staining intensity (immune cells or tumor) was not significantly correlated 
with outcome, suggesting initial immune infiltration of primary tumor tissue does not 
predict long-term therapeutic benefit. However, PanCK-CD8 IHC analysis revealed 
that high baseline presence of intraepithelial CD8+ cells was significantly associated 
with a complete pathologic response rate of 40%. High levels of immune infiltration 
appeared to facilitate regression at the primary tumor site, resulting in effective local 
control as measured by pathological response, but these correlates may be less mean-
ingful for predicting the metastatic potential and ultimately patient outcome.

The PanCK-CD8 scoring method allowed for a granular assessment of the 
immune infiltration in the pretreatment tumor tissue, resulting in the classification 
of the ABACUS tumors into three distinct CD8+ immune phenotypes, including 
desert, excluded, and inflamed [25]. The desert phenotype indicates little to no 
immune staining positivity, coupled with resistance to atezolizumab. The excluded 
phenotype is characterized by stromal infiltration, where immune cells accumulate 
on the tumor periphery but have not penetrated the tumor tissue. Finally, the inflamed 
phenotype indicates a high level of immune infiltration within the tumor tissue. In 
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the metastatic MIBC setting, earlier studies have reported the inflamed phenotype 
was associated with response to atezolizumab [25]. The ABACUS study, despite a 
high occurrence of inflamed tumors, did not report an improved response rate for 
this phenotype. However, dual CD8 and granzyme B (GZMB) staining was posi-
tively associated with response, suggesting the quality of the immune infiltration, 
beyond CD8 expression, is relevant when determining outcomes within the inflamed 
immune phenotype. A correlation with response was not seen for the excluded or 
desert immune phenotypes.

Comparing TURBT tissue to treated RC tissue, significantly increased levels of 
CD8, PD-L1, and FAP were observed, indicating increased immune activity in the 
treated tumor tissue. Moreover, dynamic changes to the immune phenotypes 
occurred with therapy, with five patients changing from excluded to inflamed and 
four from an inflamed to excluded phenotype.

 RNA-Based Molecular Biomarkers

The ABACUS study also conducted RNA-seq gene expression analysis to explore 
several response categories. Global gene expression patterns were compared before 
and after treatment in patients with stable disease, finding higher immune signature 
scores and immune gene expression in posttreated tissues. These data were consis-
tent with the IHC results, where increased staining for immune markers was 
observed post-therapy. The RNA-seq expression data was also analyzed in the con-
text of a predefined eight-gene (IFNG, CXCL9, CD8A, GZMA, GZMB, CXCL10, 
PRF1, and TBX21) cytotoxic T-cell transcriptional signature (tGE8), revealing a 
significant increase in signature scores for responders, compared to patients with 
stable disease and/or relapse. As with the IHC data, higher levels of immune infiltra-
tion in pretreated tissue quantified by RNA-based immune gene signatures corre-
lated with response to atezolizumab.

With respect to RNA-based molecular subtyping, the ABACUS study used the 
2012 Lund taxonomy to classify the pre- and post-tumors into five molecular sub-
types UroA, GU, Inf, UroB, and SCCL [26]. While in the metastatic setting the 
Lund subtypes were found to correlate with outcome after treatment with atezoli-
zumab, this was not the case in the neoadjuvant setting pretreatment [19]. After 
treatment, the majority (14/15, 93%) of responding tumors were classified as the 
“infiltrated” molecular subtype. Importantly, treated tumors classified as infiltrated 
had increased levels of angiogenesis, stromal and immune infiltration, and with 
decreased cellular proliferation [19]. These expression-based patterns may poten-
tially reflect reorganization of the tumor microenvironment, as responding tumors 
also showed upregulation of extracellular matrix and collagen formation signatures. 
It is tempting to speculate these features reflect tumor “scarring” or wound healing, 
a concept which will be explored in detail in the PURE-01 study section (1.3). 
Importantly, higher angiogenesis signature scores suggest anti-angiogenesis drugs 
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(VEGFR inhibitors) may be a promising candidate for the adjuvant treatment 
post-atezolizumab.

 DNA-Based Molecular Biomarkers

Biomarkers, including tumor mutational burden (TMB) and DNA damage repair 
(DDR) gene alterations, have previously been reported to correlate with outcomes 
in the metastatic setting of bladder cancer [27]. However, in the ABACUS study, 
associations with pathologic response were not observed for neoadjuvant atezoli-
zumab [19]. Exploratory analyses found that responding tumors had increased DNA 
amplification levels for the 11q13.3 locus, which includes the FGFR3, FGF19, and 
CCND1 genes. With the recent approval of fibroblast growth factor (FGF)-targeted 
therapy for bladder cancer, these results may imply the justification for future trials 
combining atezolizumab with additional targeted therapy [28]. However, FGF path-
way activity has not been consistently linked to increased response rates with check-
point inhibitors, as discussed below.

When comparing TMB and DNA mutations pre- and post-atezolizumab, consis-
tent DNA alterations were not revealed, suggesting an absence of clonal evolution 
within the relatively short time span of neoadjuvant atezolizumab therapy. This con-
trasts with data from the neoadjuvant chemotherapy setting, where pressure from 
platinum-based therapy induced rapid clonal evolution [29]. Considering these 
results together, the data from the ABACUS study suggest that entire populations of 
tumor subclones are eliminated with therapy, while with chemotherapy, additional 
mutations are induced, facilitating a rapid tumor evolution and the emergence of 
new dominant subclones. However, the time frames between each treatment differ 
greatly, with 5.6 weeks between atezolizumab and surgery compared to the approxi-
mate 12 weeks required to complete chemotherapy. There may be insufficient time 
to account for all but the most aggressive tumor regrowth in the former time span.

 Integrating Biomarkers to Refine the Molecular Diagnosis 
in the ABACUS Study

In the metastatic MIBC setting, biomarkers like TMB, DDR gene alterations, and 
PD-L1 staining have all shown promising utility for predicting benefit from atezoli-
zumab [27]. However, these biomarkers did not correlate with treatment response in 
the context of neoadjuvant atezolizumab in the ABACUS study [19]. Nonetheless, 
preliminary biomarker data suggests that quantifying preexisting immune infiltra-
tion, using either RNA-based signatures or IHC staining, holds promise for predict-
ing pathological response after neoadjuvant checkpoint inhibition with atezolizumab. 
However, simply quantifying the levels of immune infiltrates may be insufficient, as 
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the type or quality of immune infiltrate may improve response prediction even fur-
ther, particularly for the inflamed phenotype, suggesting an important avenue of 
biomarker discovery. Notably, when comparing pre- and post-atezolizumab tumor 
tissues, an increase in angiogenesis and stromal gene expression for responding 
tumors was revealed, suggesting a scarring or wound- healing phenotype in a signifi-
cant proportion of cases, which has significant implications for targeted adjuvant 
therapies. Taken together, future standardization for the application of these promis-
ing biomarkers is warranted, in order to validate them as response predictors in the 
context of neoadjuvant anti-PD-L1 treatment.

 The PURE-01 Trial: Neoadjuvant Pembrolizumab

In the PURE-01 trial (single arm, phase 2), 143 cisplatin-eligible MIBC patients 
(cT2-T4aN0M0) were enrolled and treated with 3 cycles of neoadjuvant pembroli-
zumab (anti-PD-1) [30, 31]. Of the 143 treated patients, 55 (38.5%) showed a com-
plete pathologic response (ypT0N0) at radical cystectomy. The median follow-up of 
23 months, corresponded with 12- and 24-month event-free survival rates of 84.5% 
and 71.7%, respectively [30] (ClinicalTrials.gov Identifier: NCT02736266).

 Immunohistochemistry

PD-L1 positivity was determined by IHC using the 22C3 assay and the combined 
positive score (CPS), defined as the percentage (≥10%) of PD-L1-expressing tumor 
and infiltrating immune cells relative to the total number of tumor cells. Within the 
PURE-01 cohort, PD-L1 positivity was significantly associated with complete 
pathologic response at radical cystectomy [31], which directly contrasts the 
ABACUS data. However, while both studies investigate neoadjuvant checkpoint 
inhibitors, there are numerous differences which confound direct comparisons, 
including differences in the assay (SP142 vs 22C3), treatment (anti-PD-L1 vs anti- 
PD- 1) or patient inclusion (cisplatin ineligible vs eligible). Notably, CD8 IHC anal-
ysis for matched pre- and post-pembrolizumab samples in PURE-01 revealed an 
increase of CD8+ cells infiltrating the tumor stroma, consistent with observations 
from the ABACUS study where a 78% increase in median values for intraepithelial 
CD8 expression was noted. However, unlike ABACUS, PURE-01 did not report an 
association of pretreatment CD8 IHC positivity with pathologic response.

 RNA-Based Molecular Biomarkers

In the PURE-01 study, gene expression data was analyzed for 84 TURBT speci-
mens collected pre-therapy using whole-transcriptome microarrays [18]. Molecular 
subtyping was used to classify the PURE-01 cohort into subtypes according to the 
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consensus, TCGA and GSC (genomic subtyping classifier) models, with the latter 
consisting of a luminal, luminal-infiltrated, basal, claudin-low, and neuroendocrine- 
like molecular subtypes [32, 33]. Pathological response to pembrolizumab was not 
significantly associated with molecular subtypes, which was consistent with previ-
ous studies for atezolizumab and NAC, where molecular subtypes did not predict 
response [19, 33]. Notably, basal-like tumors did have favorable response rates 
averaging around 65%, differing slightly with each subtyping model. Downstaging 
was observed for 17/26 (65.4%) for both the TCGA and consensus basal squamous 
subtypes and for 7/11 (63.3%) for the GSC claudin-low subtype [18]. The basal 
squamous and claudin-low subtypes differ in that the basal squamous encompasses 
all basal tumors, regardless of immune or stromal infiltration, while the claudin-low 
are more restrictive, encompassing basal tumors with higher immune infiltration 
and activity.

Integrating immune-associated IHC data with the molecular subtypes revealed 
that PD-L1 combined positive score on IHC was higher for basal-type tumors com-
pared to the other subtypes. These data were consistent with immune gene signa-
tures, including the generalized immune190 signature, which also showed higher 
scores for basal-type tumors. Moreover, basal-type tumors had higher gene expres-
sion for select immune-associated genes, including CD274, PDCD1, and CD8A. The 
immune190 signature and three additional immune hallmark signatures, IFNγ, 
IFNα, and inflammatory response, were all significantly associated with pathologi-
cal complete response after receipt of pembrolizumab. These data are in alignment 
with the observations from the ABACUS trial, which found that preexisting immune 
infiltrates were key for predicting response to therapy.

There were several notable associations of molecular subtypes and immune gene 
signatures with patient outcome in PURE-01. In the first gene expression profiling 
study for PURE-01, the GSC claudin-low subtype had exceptional recurrence-free 
survival, with 0/11 events in 24 months [18]. In contrast, with NAC, the claudin-low 
patients had high rates of disease progression, suggesting neoadjuvant pembroli-
zumab is a highly favorable treatment option for these patients. When additional 
outcome data became available, the event-free survival rates remained extremely 
favorable, with only a single event in 14 patients over 24 months [30]. The basal- 
type tumors from the TCGA and consensus model were not significant for either 
RFS or EFS, in the initial or expanded study, respectively. However, when the basal- 
type tumors were subset according to the median immune190 signature scores, a 
significant association with RFS was identified [18]. These data suggest that immune 
infiltration and intrinsic subtype may both play a role in predicting long-term ben-
efit from pembrolizumab.

The PURE-01 study also profiled 26 radical cystectomy samples collected post- 
pembrolizumab [34]. These samples were compared to a cohort of post- 
chemotherapy radical cystectomy samples (n  =  133) and to a cohort of radical 
cystectomy samples without systemic therapy (n = 94). The gene expression pro-
files for these samples had several consistencies with each other but also with the 
ABACUS study. First, in all three cohorts, regardless of systemic therapy, there 
were numerous cases classified as stroma-rich by the consensus model [15]. As this 
subtype is defined by high stromal and immune cell infiltration, these data have 
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interesting parallels to the enrichment for the “infiltrated” subtype in the post- 
atezolizumab RC samples from the ABACUS study. The PURE-01 RC study 
defined these tumors as “scar-like,” represented by high stromal marker expression, 
higher angiogenesis activity, and lower levels of proliferation, which is directly in 
alignment with the reports from ABACUS. Second, after NAC or surgery alone, 
there was a good representation of basal and luminal tumors, which contrasted with 
the post-pembrolizumab subtypes. In PURE-01, there was a poor representation of 
basal-type tumors (4/26) compared to luminal tumors (9/26). Moreover, the scar- 
like tumors post-pembrolizumab also showed expression of many luminal markers, 
differing from the other two cohorts. Given luminal tumors tend to be immune des-
ert phenotype, it is tempting to speculate that the resistant tumors collected post- 
pembrolizumab represent an intrinsic resistance mechanism of luminal tumors, 
represented by a higher ratio of luminal tumors post-pembrolizumab. However, the 
sample sizes in the PURE-01 study are small, so these observations require further 
data to corroborate this hypothesis.

 DNA-Based Molecular Biomarkers

The interim study results for PURE-01 reported that patients with higher tumor 
mutational burden (TMB) had a significant pathologic response to pembrolizumab 
[JCO ref]. As additional study data became available, however, follow-up reports 
found TMB was neither significantly associated with complete response (p = 0.06) 
[18] nor did TMB appear to significantly predict event-free survival outcomes on 
multivariable analyses (p = 0.2) [30].

The PURE-01 study also investigated the mutational status in the exons of 395 
cancer-associated genes and select introns from 31 genes that are frequently rear-
ranged in cancer. Of these, only PBRM1 mutations were found to have a significant 
association with complete response, although this was no longer significant after 
multiple hypothesis testing. Furthermore, the observed associations between DDR 
and RB1 gene alterations were weakened after multivariable adjustments for 
TMB. These data suggest that mutational status at either the individual gene level or 
whole genome level is not a significant predictor of response to pembrolizumab.

The ABACUS study found that several genes involved in the fibroblast growth 
factor (FGF) pathway were amplified in responding tumors [19]. Interestingly, 
increased FGF pathway activity tends to be associated with tumors of the luminal 
subtype, which are also typically immune-depleted [13, 15, 33] and therefore would 
not be predicted to have good response to therapy [10]. To attempt to reconcile these 
discrepancies, multiple fibroblast growth factor receptor-3 (FGFR3) genomic alter-
ations (GA) were investigated as candidates for predicting response to pembroli-
zumab in PURE-01 [35]. In this study, FGFR3 mutations, gene expression, and 
pathway activity were all investigated. In addition, using a molecular signature 
based on long noncoding RNA expression, a subgroup of luminal tumors with 
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excellent prognosis and amplified FGFR3 activity was identified and evaluated. 
Only higher FGFR3 gene expression was found to have a significant association 
with lower rates of complete response, but this is likely balanced by multiple clini-
cal and biological factors. Further study is warranted, and until such time, it was not 
recommended to exclude patients with FGFR3-altered tumors from neoadjuvant 
immune checkpoint therapy.

 Integrating Biomarkers to Refine the Molecular Diagnosis 
in the PURE-01 Study

The PURE-01 study was an important clinical trial moving pembrolizumab into the 
cisplatin-eligible neoadjuvant MIBC setting. As was observed with the ABACUS 
study, preexisting immune infiltration was a significant predictor of response to 
therapy, indicating immune infiltration is a common link to predict responses to 
atezolizumab or pembrolizumab. However, the nature of the intrinsic subtype may 
also be relevant as claudin-low tumors had exceptional outcomes with pembroli-
zumab. Splitting basal-like tumors by immune190 signature scores revealed similar 
outcomes, indicating basal features with high immune infiltration may have the 
most favorable response to pembrolizumab. Comparatively, traditional biomarkers 
used to predict response to immune therapy, such as TMB and PD-L1 IHC, were 
significantly associated with pathological response but not with outcome. These 
data would suggest that local control of the primary tumor may be informed using 
these tools, but more advanced RNA-based signatures would be preferred for pre-
dicting long-term benefit. Finally, the prevalence of luminal and scar-like tumors 
expressing luminal makers in the PURE-01 radical cystectomy cases suggests that 
luminal tumors may have an intrinsic resistance to pembrolizumab or that clones of 
the luminal subtype may be selected for during therapy.

 The NABUCCO Trial: Neoadjuvant Ipilimumab 
with Nivolumab

The NABUCCO study evaluated a combination of two immune checkpoint inhibi-
tors, ipilimumab (anti-CTLA4) and nivolumab (anti-PD1), in the neoadjuvant set-
ting [16]. The study endpoint was the feasibility to resect within 12 weeks from 
initiation of treatment. This study was a single-arm, phase 1 feasibility trial includ-
ing 24 patients with locoregionally advanced (cT2-4aN0-3M0) urothelial carci-
noma. With all patients in the NABUCCO trial undergoing surgical resection, 23/24 
patients received surgery within 12 weeks, therefore meeting the primary endpoint 
of the study. Of the 24 included patients, 11 (46%) had a pathological complete 
response, and 14 (58%) had no remaining invasive disease (pT0N0 or pTisN0/
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pTaN0). The median postoperative follow-up was 8.3 months (ClinicalTrials.gov 
Identifier: NCT03387761).

 Immunohistochemistry

Like the PURE-01 study, baseline PD-L1 IHC was performed using the 22C3 assay 
and the combined positive score (CPS). The pathological complete response rate 
was higher (73%) for PD-L1-positive tumors compared to PD-L1-negative tumors 
(33%), but this was not significant (p = 0.15). Quantitative multiplex immunofluo-
rescence was used to analyze correlations between baseline CD8+ T-cell density 
and treatment response, as was done in the ABACUS trial. There was no correlation 
with combination anti-PD1 and anti-CTLA4 immunotherapy, suggesting this regi-
men has the potential to induce pathologic response, irrespective of preexisting 
CD8 levels. Multiplex immunofluorescence was also used to establish CD20+ 
B-cell counts, revealing stromal B-cell counts were significantly increased in non-
responding tumors compared to responding tumors. Of note, the presence of 
increased B cells in nonresponders was irrespective of preexisting CD8+ T-cell 
immunity. Finally, multiplex immunofluorescence was also used to quantify the 
dynamics of tertiary lymphoid structures (TLS). Although baseline TLS was not 
associated with treatment response, comparison of pre- and post-therapy tissue 
specimens did show an enrichment in TLS among tumors that responded to therapy. 
Further analysis of the TLS dynamics indicated that regulatory T cells were reduced 
in TLS upon treatment. Since TLS are ectopic lymphoid formations generally found 
in inflamed, infected, or tumoral tissues [36], these findings could potentially be in 
alignment with the scarring phenotypes observed on post-therapy specimens from 
the PURE-01 and ABACUS studies.

 RNA-Based Molecular Biomarkers

Preexisting immunity was also assessed by transcriptomic signatures that also had 
been shown to have potential utility within the PURE-01 and ABACUS studies. 
However, neither the baseline IFN-γ, tumor inflammation, nor CD8+ T-cell effector 
(tGE8) signatures were associated with a complete response, in contrast to the 
observations from the ABACUS trial. Notably, the use of different immunotherapy 
drugs, differences in patient populations, and a lack of standardized biomarker plat-
forms may contribute to these inconsistencies. Notably, a TGF-β gene expression 
signature was found to be associated with nonresponse to ipilimumab/nivolumab, 
which aligned with the proposed mechanism of resistance in the ABACUS study, 
where TGF-β-mediated T-cell inhibition was suggested to drive the immune 
excluded phenotype, which is resistant to atezolizumab [19]. Finally, hierarchical 
clustering analyses of differentially expressed genes between responders and 

J. J. de Jong and E. A. Gibb

http://clinicaltrials.gov


47

nonresponders revealed an upregulation for the expression of B-cell-related genes 
in patients with tumors that did not respond. Of note, expression of these “B-cell 
genes” positively correlated with B-cell counts on immunofluorescence, confirming 
the results of the differential gene expression analyses.

 DNA-Based Molecular Biomarkers

Despite the small sample size of the NABUCCO trial, tumors achieving complete 
pathologic response had slightly higher levels of TMB on pretreatment tissue speci-
men, but this was not a significant difference (p = 0.056). Further analysis of muta-
tions in a set of DDR genes revealed alterations in these genes were more frequently 
observed for responding tumors. As was observed for the PURE-01 trial, TMB and 
DDR gene alterations seem to represent promising biomarkers, based on these ini-
tial reports. However, thresholds for “high” TMB and DDR are not yet standard-
ized. Importantly, these initial findings warrant further evaluation within an 
additional representative cohort, should any clinical utility be confirmed.

 Integrating Biomarkers to Refine the Molecular Diagnosis 
in the NAMBUCCO Study

The NAMBUCCO study investigates the addition of anti-CTLA-4 to PD-1 block-
ade in the neoadjuvant setting for locoregionally advanced MIBC.  Unlike the 
ABACUS and PURE-01, preexisting immune infiltration was not correlated with 
response. As this is a feasibility study, an expanded trial will be important in better 
understanding the underlying biology driving response to this combination therapy.

 Neoadjuvant Durvalumab with Tremelimumab (MDACC)

The University of Texas MD Anderson Cancer Center (MDACC) initiated the 
first pilot combination trial of neoadjuvant durvalumab (anti-PD-L1) plus treme-
limumab (anti-CTLA-4), recruiting a total of N = 28 patients with “high-risk,” 
cisplatin- ineligible, operable muscle-invasive bladder cancer [17]. Of note, “high 
risk” was defined as having features including bulky tumors, variant histology, 
lymphovascular invasion, hydronephrosis, and/or high-grade upper tract disease. 
The primary study endpoint for MDACC was safety. Of the 28 patients recruited, 
24 patients ultimately underwent cystectomy as per study protocol. From these 24 
patients, 9 (37.5%) achieved a complete pathological response, and the relapse-
free survival rate was 82.8% at 1  year (ClinicalTrials.gov Identifier: 
NCT02812420).
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 Immunohistochemistry

Like the ABACUS trial, PD-L1 immunohistochemistry within the MDACC trial 
was executed using the E1L3N assay, and like the ABACUS trial, PD-L1 expression 
did not correlate with treatment response. Multiplex immunofluorescence staining 
was also used to identify tertiary lymphoid structures (TLS) as in the NABUCCO 
trial. Although baseline TLS numbers were not associated with treatment response 
within the NABUCCO trial, the MDACC study results included a higher density of 
TLS in pretreatment tissue of responders, which corresponded with favorable out-
comes. Further characterization of immune cell subsets revealed that responding 
tumors had significantly higher density of pretreatment B cells, CD4+ T cells, and 
CD8+ T cells, again suggesting utility for preexisting immune infiltration. Finally, 
comparing pre- and post-immunotherapy specimen showed an increase in 
ICOS+CD4+ T cells in posttreatment tumor tissues of responding tumors compared 
to nonresponders. These observations align with the concept of increased immune 
infiltration for responding tumors post-therapy, reinforcing the concept of tumor 
scarring which, at least in part, involves immune cell recruitment [37]. The scarring 
phenomenon has been proposed (albeit in different contexts) for all three of the 
previous studies.

 RNA-Based Molecular Biomarkers

A four-gene TLS expression signature (POU2AF1, LAMP3, CD79A, and MS4A1) 
was found to be significantly higher in responding tumors in the MDACC study. 
However, the tGE8 signature scores were not found to be significantly different 
when comparing responders to nonresponders. Unfortunately, this signature has 
only demonstrated significance for predicting response to atezolizumab monother-
apy (ABACUS) and lacks clear utility in either the NABUCCO or MDACC trials, 
suggesting this signature in the context of combination immunotherapy is of mini-
mal utility.

 DNA-Based Molecular Biomarkers

Whole exome sequencing for the MDACC trial found that neither TMB nor DDR 
GA correlated with response to therapy. This study also predefined KRAS, PIK3CA, 
PBRM1, EFGR, NRAS, APC2, and FGFR mutations as interesting targets for inves-
tigation, although none of these were found to have an association with response to 
therapy in context of this pilot study. Similarly, the ABACUS study explored the 
fibroblast growth factor (FGF) pathway as a potential region of interest, but neither 
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the PURE-01 nor MDACC trials found this pathway to be predictive of response to 
immune checkpoint blockade.

 Integrating Biomarkers to Refine the Molecular Diagnosis 
in the MDACC Study

The MDACC study was similar to NABUCCO, combining an anti-CTLA4 inhibitor 
(tremelimumab) with an anti-PD-L1 inhibitor (durvalumab). Likewise, this study 
also included patients with more aggressive disease, with MDACC including 
patients with variant histology. Like ABACUS and PURE-01, response in MDACC 
appeared to have correlation with preexisting immune infiltration. However, these 
data contrast with the findings from NABUCCO, which used a similar combination 
of checkpoint inhibitors. Further study will be required to reconcile these differ-
ences and identify the clinical and biological features which may help predict 
response to combination anti-CTLA and anti-PD-L1 therapy.

 Conclusions and Future Directions

There are several challenges associated with transitioning immune therapy into the 
neoadjuvant setting, many of which may be mitigated, at least in part, by biomarker- 
driven approaches [38]. First, the pathological response rates of IBC are comparable 
to NAC, averaging about 40% overall [39], which raises questions as to whether 
these patients may have received greater benefit from chemotherapy or radical cys-
tectomy alone. As discussed for PURE-01, patients with a tumor of the claudin-low 
subtype had exceptional outcomes with pembrolizumab, but comparatively poor 
outcomes with NAC [18], providing compelling data that molecular subtypes may 
provide a mechanism to stratify patients to the treatment which would provide the 
greatest benefit. One caveat to this finding was that the claudin-low tumors did show 
a significant association with pathological response, which may contradict the data 
generated in the NAC setting, where complete response was associated with 
improved survival [2].

This may be an issue associated with radiological tumor assessment, as this has 
not been standardized for immune therapy in the neoadjuvant setting [38], although 
multiparametric magnetic resonance imaging has shown promise in this respect 
[40]. At this time, we have limited information on how immune therapy impacts the 
biology and phenotype (i.e., volume) of patient tumor, which may confound our 
ability to connect pathological response and outcomes. There may also be the added 
effect of the TURBT procedure which until recently has not been considered in 
molecular profiling studies.
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In the PURE-01 study, three molecular subtypes were identified post- 
pembrolizumab, including luminal, basal, and “scar-like” tumors [34]. The latter, 
defined largely by higher expression of stromal markers, represented half of the 
PURE-01 RC samples. Notably, in the ABACUS study, responding tumors were 
predominantly found to be an infiltrated subtype (Lund 2012 model). Like the “scar- 
like” subtype, the infiltrated subtype is defined by high levels of stromal and immune 
infiltration, suggesting a commonality between these two classifications. This scar- 
like subtype has been suggested to be the result of the impact of TURBT, resulting 
in a wound healing at the tumor site [34, 41]. Given the high rates of the infiltrated 
subtype and scar-like in ABACUS and PURE-01, respectively, it is tempting to 
speculate that TURBT, rather than systemic immune therapy, has a greater impact 
on local tumor control, while systemic therapy offers metastatic control and 
improved outcomes. This may explain, at least in part, why certain molecular signa-
tures (i.e., claudin-low subtype) were not significantly associated with response yet 
were significantly associated with patient outcome. The truth is likely somewhere in 
between, where local tumor control in terms of pathological response is achieved by 
a combination of surgery (TURBT) and systemic therapy.

In a recent post-chemotherapy study, four molecular subtypes were identified, 
including a scar-like subtype and a highly immune-enriched subtype which was not 
identified in the PURE-01 study [34, 41]. In the ABACUS study, the infiltrated sub-
type is considered immune-enriched but is also enriched with stromal type cells 
(i.e., myofibroblasts) [26], where the post-NAC immune subtype did not report stro-
mal infiltration [41]. In both studies, amplified or increased immune activity was 
also reported for treated tissues in both checkpoint studies, suggesting that a gener-
alized immune response is achieved with either neoadjuvant chemotherapy or 
immune therapy [18, 19]. In the ABACUS study, the infiltrated subtype was enriched 
post-pembrolizumab, while luminal (UroA, GU, UroB) and basal (SCCL) tumors 
were evenly represented [19]. In contrast, tumors collected post-pembrolizumab 
were enriched with scar-like and luminal subtypes, with basal tumors poorly repre-
sented [34]. An important caveat, when considering the molecular subtype cells 
generated for the ABACUS study, is most molecular subtyping models are trained 
on untreated tumor tissue (TURBT and/or RC), meaning accuracy of the subtypes 
on treated tissues is unknown. The subtypes for PURE-01 were generated using 
consensus clustering, meaning they are not “true” subtype cells by a classifier, but 
rather groups of tumors that have molecular features consistent with a representa-
tive subtype.

In general, preexisting immunity appears to be a reasonable metric to predict 
response to checkpoint inhibitors. In ABACUS, PURE-01 and MDACC patients 
with tumors that showed higher levels of immune infiltration, by a variety of assays, 
had improved responses compared to those with lower immune infiltration [16–19]. 
However, the NABUCCO trial did not find a correlation between preexisting 
immune infiltration and response [16]. This study included patients with more 
advanced disease, but the small numbers in the trial preclude determining how this 
may affect any correlation between treatment and response. One of the limitations 
of using “high immune infiltration” as a method to stratify patients to treatment is 
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the lack of standardization of a threshold or cut point for determining “high.” 
Another limitation is the range of assays used across the various studies described 
in this study. To best enable comparison across studies, future trials would ideally 
include several standardized metrics (i.e., median, quartiles, etc.) and platforms. 
Another potential option is to standardize the use of molecular subtypes for studies 
involving gene expression analysis. One advantage of molecular subtypes is the 
models tend to be categorical, stratifying patients into one of several different sub-
types. Several of these molecular subtypes are characterized by higher immune 
infiltration (i.e., basal or claudin-low) or by a lack of infiltrates (i.e., luminal), sug-
gesting good utility for predicting outcomes, as was demonstrated in the PURE-01 
study [18].

Taken together, the ABACUS, PURE-01, NAMBUCCO, and MDACC study, 
while different in some respects, all provide key biomarker data to further our 
understanding of which tumor features may be driving response to therapy in the 
neoadjuvant setting. A commonality among these trials is baseline immunity 
appears to be predictive of response, except for NABUCCO. However, as an inde-
pendent biomarker, immune infiltration scores would not facilitate stratification 
of patients to immune therapy or chemotherapy, which remains the standard of 
care. Here, molecular subtyping may have greater utility, as different subtypes 
have now been reported to have varying response to both chemotherapy and 
immune therapy. After treatment with neoadjuvant immune therapy, there appears 
to be an enrichment of stromal infiltration, whether defined as an infiltrated sub-
type [26], scar-like subtype, or increased TLS. Unfortunately, there is no clear 
pattern for which tumors may adopt such a profile, further emphasizing a need to 
profile tumor tissue post-therapy. Another advantage of this approach is that the 
character of the tumor post-therapy may also help to inform adjuvant treatment 
decisions.

Biomarker development in the neoadjuvant immune checkpoint setting is ongo-
ing, as are the clinical trials in this setting. The data accumulated to date are promis-
ing and suggest that selection of patients using biomarkers is highly feasible and 
may ultimately facilitate the adoption of neoadjuvant immune therapy as a new 
standard of care.
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