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Background: Initial studies of preoperative checkpoint inhibition before radical cystectomy (RC) have shown promising
pathologic complete responses. We aimed to analyze the survival outcomes of patients enrolled in the PURE-01 study
(NCT02736266).

Patients and methods: We report the results of the secondary end points of PURE-01 in the final population of 143
patients. In particular, we report the event-free survival (EFS) outcomes, defined as the time from the first cycle of
pembrolizumab to radiographic disease progression precluding RC, initiation of neoadjuvant chemotherapy (NAC),
recurrence after RC, or death from any cause. Other end points were recurrence-free survival (RFS) and overall
survival (OS). Subgroup analyses were carried out, including pathological response category, clinical complete
responses (CR) assessed via multiparametric magnetic resonance imaging (mpMRI), and molecular subtyping. Cox
regression analyses for EFS were also carried out.

Results: After a median [interquartile range (IQR)] follow-up of 23 (15-29) months, 12- and 24-month EFS were 84.5%
[95% confidence interval (Cl): 78.5-90.9] and 71.7% (62.7-82). The prognosis was favorable across all the different
pathological response subgroups, with the exception of ypN+ (N = 21), showing a 24-month RFS (95% Cl) of 39.3%
(19.2% to 80.5%). A statistically significant EFS benefit was observed in patients with a clinical CR (P = 0.002).
Programmed cell-death-ligand-1 combined positive score was significantly associated with longer EFS in
multivariable analyses. Four patients refused RC after clinical evidence of CR, and none of them have recurred after
a median follow-up of 10 months (IQR: 11-15). The claudin-low subtype displayed a numerically longer EFS after
pembrolizumab and RC compared with the other subtypes.

Conclusions: The EFS results from PURE-01 revealed that the immunotherapy effect was maintained post-RC in most
patients. Pembrolizumab compared favorably with neoadjuvant chemotherapy, irrespective of the biomarker status.
Molecular subtyping may be a useful tool to select the patients who are predicted to benefit the most from
neoadjuvant pembrolizumab.
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During the past 2 years, several studies have provided a
proof-of-concept for the activity of preoperative checkpoint
inhibition in patients with muscle-invasive urothelial
bladder cancer (MIBC). These studies followed the suc-
cessful use of immune-checkpoint inhibitors in locally-
advanced or metastatic stages’ and were accompanied by
the results of pembrolizumab in non-MIBC, tested in the
landmark Keynote-057 trial.”*

https://doi.org/10.1016/j.annonc.2020.09.011 1755


mailto:andrea.necchi@istitutotumori.mi.it
http://crossmark.crossref.org/dialog/?doi=10.1016/j.annonc.2020.09.011&domain=pdf
https://doi.org/10.1016/j.annonc.2020.09.011
https://doi.org/10.1016/j.annonc.2020.09.011

Initial reports of unprecedented, yet preliminary, activity
of single-agent checkpoint inhibitors, documented as
pathologic complete (ypTOypNO) or near-complete response
(CR) at radical cystectomy (RC) have been initially provided
by two academic studies conducted in Europe, the PURE-01
(supplementary Figure S1, available at https://doi.org/10.1
016/j.annonc.2020.09.011) and the ABACUS study.”” Sub-
sequently, several other phase 2 trials have pursued the
strategy of delivering courses of preoperative immuno-
therapy in patients with MIBC who were eligible for RC,
either using immunotherapy alone or in combination with
chemotherapy according to patients’ eligibility to cisplatin.
With the exception of the NABUCCO trial (NCT03387761),
which tested the sequential and combination use of ipili-
mumab and nivolumab and allowed the inclusion of pa-
tients with clinically enlarged regional lymph nodes,® the
remaining studies have focused on patients with organ-
confined disease, defined as clinical T2-4NOMO at stan-
dard cross-sectional imaging. All these phase 2 studies had
the pathologic CR as primary end point.

Initial results of PURE-01 revealed a ypTOypNO of
42% in the first 50 treated patients and a downstaging to
<ypT1/aisypNO was achieved in 54% of cases.”® The
updated pathologic response data confirmed the initial
activity and showed a ypTOypNO in 42 out of 114 patients
(37%). Noteworthy, the proof of activity was extended to
the population of patients with predominant squamous-cell
or lymphoepithelioma-like variant histology.® Surgical safety
data from PURE-01 have also been reported using a
standardized methodology and revealed high-grade com-
plications (defined as Clavien—Dindo >llla) in only 34% of
patients with no perioperative mortality at 90 days.” At
present, the only study that reported preliminary survival
outcomes is ABACUS, in which the recurrence-free survival
(RFS) at 12 months was 79%, after a median follow-up of
13.1 months.” Retrospective data (from SWOG-8710 trial)
and the RAZOR trial have reported the pathological
response as a potential surrogate for survival in patients
that received neoadjuvant chemotherapy.'®*? Whether this
relationship applies to neoadjuvant immunotherapy is un-
settled. Herein, we present the first survival analysis of the
PURE-01 study.

MATERIALS AND METHODS

PURE-01 study oversight

The study design and inclusion and exclusion criteria have
been previously described, as well as the end points and the
remaining trial procedures. An extra cohort not exceeding
10% was allowed to be included in addition to the amended
sample size of 136 patients. After RC, the administration of
adjuvant chemotherapy was discussed in patients with
pathological high-risk disease. During the follow-up period,
thoracoabdominal contrast-enhanced computed tomogra-
phy (CT)-scan was carried out every 4 months for the first
year and every 6 months for the second year. The intention-
to-treat (ITT) study population of 143 patients, enrolled
between February 2017 and December 2019, had available
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response and outcome data and these were used for the
present analyses.

Study outcomes

The primary outcome of interest was event-free survival
(EFS), which represented a secondary end point of the
clinical trial. EFS was defined as the time from first pem-
brolizumab dose to either: (i) radiographic disease pro-
gression precluding a curative intent surgery per Response
Evaluation Criteria in Solid Tumors (RECIST) v1.1 before RC,
(ii) initiation of neoadjuvant chemotherapy preceding RC as
per investigator decision, (iii) inability to undergo RC due to
the onset of treatment-related side-effects, (iv) inability to
complete a curative intent surgery determined by the
urologist at the time of RC (e.g. unresectable tumor, me-
tastases discovered at RC), (v) local or distant recurrence
assessed by cross-sectional imaging and/or biopsy after RC,
and (vi) death from any cause. In this study, patient refusal
to undergo RC after the evidence of CR assessed with
multiparametric magnetic resonance imaging (mpMRI) of
the bladder (as previously described)**** was not consid-
ered an event. These patients were censored at the date of
last follow-up if no events occurred. These patients under-
went out-of-protocol procedures and were offered a redo-
transurethral resection of the bladder tumor (TURBT) fol-
lowed by close follow-up if the final pathological examina-
tion confirmed a ypT<2 response; otherwise they were
offered a chemoradiation with curative intent.

The secondary outcomes were RFS (in patients who had
received pembrolizumab and RC), defined as the time from
RC to local or distant recurrence, second urothelial cancer
or death, and overall survival (OS). The inverse Kaplan—
Meier method was used to calculate the follow-up duration.

Biomarker analyses

Procedures for programmed cell-death-ligand-1 (PD-L1)
combined positive score (CPS) assessment (Dako 22c3
antibody), tumor mutational burden (TMB) assessment (via
FoundationOne® CDx assay), RNA extraction, and
microarray-based transcriptome profiling (by Decipher Bio-
sciences Inc.) have been previously described.”®*> For the
biomarker analyses, data were now available for a larger
sample size (N = 102 passing quality control metrics) with
longer follow-up compared with the original publication of
the data.'® Molecular subtypes were assigned to the patient
tumors using the Consensus Classification and The Cancer
Genome Atlas (TCGA) molecular subtypes as described.'*"’
The Decipher subtypes were assigned by first identifying
neuroendocrine (NE)-like patients*® and then classifying the
remaining tumors using the Seiler 2017 model.*®

Statistical analyses

The Kaplan—Meier method was used to estimate EFS, RFS,
and OS within the total population. Analyses were further
stratified according to the use of adjuvant chemotherapy
after RC, pathological response subgroups (ypTOypNO,
yPT1/2/isYPNO, ypT2-4ypNO, and ypT,,,ypN+), and clinical
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response assessed via mpMRI. For the analyses investi-
gating the prognostic value of clinical response, the EFS
was calculated from the date of post-pembrolizumab
mpMRI. Additional analyses tested EFS according to the
different molecular subtypes, across classifications.

Twelve- and 24-month EFS were tested in different pa-
tient and disease subgroups. Univariable Cox regression
analyses for EFS were run, including known response pre-
dictors. For the multivariable model, due to the limited
number of events, pre-specified factors were included (CPS,
TMB, and clinical T-stage) according to clinical judgment. All
statistical tests were two-sided with a level of significance
set at P < 0.05. Analyses were carried out using the R
software (version 3.6.1, R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Study cohort and updated activity data

At the time of data cut-off (12 March 2020), 143 patients
had completed neoadjuvant therapy and had available
follow-up information. The median follow-up was 23
months [interquartile range (IQR): 15-29]. A total of 135
patients underwent RC; 8 did not receive RC because of
systemic progression or patient refusal, and none of them
did not receive RC because of pembrolizumab-related side-
effects (supplementary Figure S2, available at https://doi.
org/10.1016/j.annonc.2020.09.011). Overall, 13 patients
received additional systemic therapy post-pembrolizumab,
including cisplatin-based chemotherapy (n = 11) and the
pan-fibroblast growth-factor receptor inhibitor pemigatinib
in a clinical trial (n = 2). Nine of 13 patients subsequently
underwent RC. In total, nine patients received adjuvant
cisplatin-based chemotherapy after RC.

At the time of data cut-off, 55 patients (38.5%, 95% ClI:
30.5% to 46.5%) underwent pembrolizumab and RC and
achieved a ypTOypNO and 80 patients (55.9%, 95% Cl: 47.4%
to 64.2%) achieved a pathologic downstaging to <ypTi/ais
ypNO. The remaining cohort characteristics are reported in
Table 1.

Efficacy analyses

Median EFS (95% CI) was not reached (NR) in the ITT
cohort. The 12- and 24-month EFS were 84.5% (78.5-90.9)
and 71.7% (62.7-82; Figure 1A), respectively. Within the
cohort of patients who did not receive adjuvant chemo-
therapy (n = 125), 12- and 24-month EFS were 87.3% (81.4-
93.6) and 77.9% (69.3-87.6; Figure 1B), respectively. Sub-
group analyses showing the 12-month EFS rates according
to different baseline patient characteristics are reported in
supplementary Figure S3A, available at https://doi.org/10.1
016/j.annonc.2020.09.011 (and corresponding 24-month
EFS rates are presented in supplementary Figure S3B,
available at https://doi.org/10.1016/j.annonc.2020.09.011).

RFS outcomes, in the population of patients treated with
three cycles of pembrolizumab and RC without preoperative
chemotherapy and by pathological response subgroups, are

Volume 31 m Issue 12 m 2020

presented in Figure 2. In particular, 24-month RFS (95% Cl)
was 95.9% (90.5-100) for ypTOypNO, 74.9% (50.8-100) for
ypPT1/a/is YONO, 78.8% (61.2-100) for ypT2-4ypNO, and 39.3%
(19.2-80.5) for ypT.n,ypN+. In total, nine patients died,
seven due to disease progression (PD), one for surgical-
related complications, and one due to co-morbidities. The
24-month OS in the ITT population was 91% (95% Cl: 85.4-
97.1) as presented in supplementary Figure S4, available at
https://doi.org/10.1016/j.annonc.2020.09.011.

Results of the Cox regression analyses for EFS

Univariable Cox regression analyses on EFS in the overall
cohort (N = 143) showed that higher CPS score [hazard
ratio (HR): 0.98, 95% Cl: 0.96-0.99; P = 0.01] was associated
with lower rates of events, while cT3-4 (HR: 2.71, 95% Cl:
1.24-5.93; P = 0.01) was associated with higher rates of
events. At multivariable Cox regression analyses, CPS and
cT3-4 remained statistically significantly associated with EFS
(P = 0.02 and P = 0.03; Table 2).

Updated molecular subtyping results for EFS end point in
PURE-01

Molecular subtyping was used to stratify the cohort (for
cases in which transcriptome data were available; n = 102)
into basal (n = 38), claudin-low (n = 14), luminal (n = 25),

Table 1. Baseline patient and disease characteristics (N = 143)

Characteristics N (%)
Age in years, median (IQR) 68 (62-73)
Female sex 18 (12.6)
Smoking status

Non-smoker 38 (26.6)

Current smoker 34 (23.8)

Former smoker 71 (49.6)
Histology:

Pure UC 102 (71.3)

Predominant VH 26 (18.2)

Non-predominant VH 15 (10.5)
Concomitant CIS 24 (16.8)
Previous history of NMIBC 28 (19.6)
Previous BCG instillations 18 (12.6)
Clinical T-stage®

cT2NOMO 70 (49)

cT3-4NOMO 73 (51)
TMB (Mut/Mb), median (IQR) 10.5 (6-15)
CPS (%), median (IQR) 10 (3-46.5)

Pathologic response:
ypTOypNO (95% ClI)
<YPT1/is/a YPNO (95% Cl)

55 (38.5; 30.5-46.5)
80 (55.9; 47.4-64.2)

YPT1/is7a YPNO 25 (17.5)

ypT2-4ypNO 28 (19.6)

YPTanyyPN-+ 18 (12.6)
Sequential neoadjuvant therapy 13 (9.1)
RC not carried out 8 (5.6)
Adjuvant CT post-RC 9 (6.3)

BCG, Bacillus Calmette—Guérin; Cl: confidence interval; CIS: carcinoma-in-situ; CPS:
combined positive score; CT: chemotherapy; IQR: interquartile range; NMIBC, non-
muscle-invasive bladder cancer; RC: radical cystectomy; TMB: tumor mutational
burden; UC: urothelial carcinoma; VH: variant histology.

? Determined with transurethral resection of the bladder tumor (TURBT), bladder
multiparametric resonance imaging (mpMRI), contrast-enhanced thorax-abdomen
computed tomography (CT), fluorodeoxyglucose positron-emission tomography
(PET)/CT.
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Figure 1. Kaplan—Meier curves of event-free survival in (A) the overall cohort (N = 143), and only in (B) patients who did not receive adjuvant chemotherapy

(n = 125).

In the overall population of 143 patients the type of events and corresponding time of occurrence were the following:

e 30 events in total.

e 13 patients received chemotherapy after pembrolizumab, before radical cystectomy (median time from first dose of pembrolizumab to salvage chemotherapy): 1

month (IQR: 1-2).

e 12 patients developed a recurrence after a median of 12.5 months (IQR: 9-18.3).

e 5 patients died for other causes after a median of 13 months (IQR: 10-15).

IQR, interquartile range.
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luminal infiltrated (n = 22), and neuroendocrine-like (n = 3)
subtypes according to the Decipher classifier."*° Similar
patterns were observed for both the consensus and TCGA
models (supplementary Table S1, available at https://doi.
org/10.1016/j.annonc.2020.09.011).***” For each subtyp-
ing model, we explored the composite EFS end point as
shown in Figure 3A-C. With longer follow-up, the claudin-
low subtypes counted only one event, exhibiting the best
outcomes after pembrolizumab and RC.*

Outcomes of patients who achieved a radiological CR and
of those who refused RC

EFS was significantly longer in patients who achieved a CR
at mpMRI, versus non-CR patients. In CR patients, the
24-month EFS was 96.1% (95% Cl: 90-100) whereas in
non-CR patients the 24-month EFS was 59.6% (95% Cl: 44.9-
79.2, supplementary Figure S5, available at https://doi.
org/10.1016/j.annonc.2020.09.011).

The characteristics of the four patients who refused RC
and who received three cycles of neoadjuvant pem-
brolizumab followed by re-TURBT are shown in
supplementary Table S2, available at https://doi.org/10.1
016/j.annonc.2020.09.011. Of these patients, three were
ypTO and one achieved a ypT, response at pathologic report
of TURBT. After a median follow-up of 10 months (IQR: 11-
15), none of these patients had recurred or progressed. Of
note, all but one of these patients presented with at least
one favorable biomarker (CPS or TMB) pre-pembrolizumab.

DISCUSSION

Single-agent immunotherapy trials, with the PURE-01 at the
forefront, have provided provocative results that challenged
the role of standard-of-care chemotherapy in the preoper-
ative space, although the data are preliminary. The initial
data on the activity of immune-checkpoint inhibition in
MIBC, quantified as pathologic complete or major re-
sponses, provided a proof-of-concept for a potential shift in
the therapeutic paradigm towards simpler, quicker, and
more tolerable systemic therapies. Consequently, at our
center, the number of preoperative therapies delivered to
MIBC patients substantially increased compared with the
past years, which were characterized by several difficulties
in delivering multimodal therapy, at our center and in
several referral centers alike.?” In general, the explosion of
clinical trials that are being increasingly offered to patients
in the neoadjuvant landscape of MIBC represents another
indicator that we are close to significant changes in clinical
practice.

Our major concerns, however, were relative to the reli-
ability of what we were obtaining in the short term, that is,
the survival impact of the pathologic responses seen at RC.
As of today, uncertainties persist with regards to the like-
lihood of a sustained effect of short courses of neoadjuvant
immunotherapy in tumors at high risk of relapse and pro-
gression post-RC. In this manuscript, we present the first
survival outcomes of the PURE-01 study, primarily as EFS
outcome analyses. The primary findings are related to two

Volume 31 m Issue 12 m 2020

arguments of vivid debate: the definition and prognostic
impact of pathologic CR as an end point of neoadjuvant
immunotherapy trials and the EFS as another suitable end
point for these trials. The pathological CR has been corre-
lated with improved survival in patients treated with neo-
adjuvant chemotherapy, raising the possibility of its use as
an intermediate end point to accelerate the development of
novel neoadjuvant regimens.’®**?* However, the potential
role of ypTOypNO as an individual- and trial-level surrogate
end point in this disease is poorly defined. Furthermore,
there is heterogeneity in the definition of pathologic CR.*
In particular, a few authors allowed the inclusion of resid-
ual ‘carcinoma-in-situ’ together with ypTOypNO.”®?” The
associations between the type of pathologic response and
outcome reported here seem to differ from those observed
with neoadjuvant chemotherapy: despite the ypTOypNO
response confirmed to be associated with exceptionally
good survival, the residual ypTy/,/is YPNO had worse RFS,
similar to ypT2-4ypNO responses which were instead
endowed with a better prognosis compared with the liter-
ature.”® Indeed, the lack of a randomized design does not
allow the stating of definitive conclusions regarding the
surrogacy effect of pathological response on outcome.
Generally, we could hypothesize that neoadjuvant immu-
notherapy could result in a better control of the nodal
micrometastases, compared with neoadjuvant chemo-
therapy, also in patients with residual high-risk disease due
to the primary tumor extent, and that the prognosis is quite
dismal in the proportion of immunorefractory patients
showing locoregional (nodal) disease spread. Conversely,
there could be a suboptimal control of carcinoma-in-situ
with only three cycles of pembrolizumab.

EFS fits quite well with the design of the PURE-01 study.
In particular, EFS was able to count as events the few
patients who did not experience a disease progression
according to RECIST but who received sequential standard
chemotherapy per investigator decision, based on the
radiologically-ascertained potential lack of response to
pembrolizumab.’®** The definition that we adopted, in
the study as well as in this analysis, is a modified version
of the one proposed by the United States Food and Drug
Administration (US-FDA; accessible at https://fdal.webex.
com/webappng/sites/fdal/recording/ef2209fadb7c4add
90483d716977d32c). The main difference includes the
aforementioned cases receiving sequential chemotherapy
as further events. Most noteworthy, in line with FDA
guidance, we did not include patients’ refusal to undergo
RC as an event, but indeed there is an ongoing debate on
this issue and the definitions may vary over time.
Regarding both the EFS and RFS outcomes, the results
obtained in the population treated with three cycles of
pembrolizumab plus RC without preoperative chemo-
therapy outperformed what has been reported in the
literature of RC trials.”® As an example, the overall 2-year
RFS of 78.3% is numerically higher than the 2-year RFS
(about 72%) reported in the RAZOR trial, a randomized
study of open versus robot-assisted RC.'* Moreover, at a
36-month follow-up, the RAZOR trial reported an RFS rate
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Figure 2. Kaplan—Meier curves of recurrence-free survival in patients (n = 126) treated with radical cystectomy without preoperative chemotherapy (A).

The type of events and corresponding time of occurrence were the following:

- 17 events in total.

- 12 patients developed a relapse after a median of 10 months (IQR: 6-16.3).

- 5 patients died for other causes after a median of 11 months (IQR: 5-13).

(B) recurrence-free survival (RFS) according to the ypTypN-stage category. The 12- and 24-month RFS (95% Cl) in the total population was 90.5% (84.9-96.4) and 78.3% (68.9-
89). The 12- and 24-month RFS (95% Cl) according to the pathological response subgroups were the following: 95.9% (90.5-100) and 95.9% (90.5-100) for ypTOypNO; 89.8%
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Table 2. Univariable and multivariable Cox regression models predicting events

Factors Univariable analyses Multivariable analyses
HR 5% 95% P-value® HR 5% 95% P-value®

Age (continuous) 1.03 0.98 1.07 0.2
Sex (male versus female) 2.27 0.54 9.54 0.3
Previous BCG 0.72 0.22 2.36 0.6
Histology:

Non-predominant VH (Ref.)

Predominant VH 0.94 0.25 3.51 0.9

Pure UC 0.88 0.30 2.56 0.8
Smoking status:

Non-smoker (Ref.)

Former smoker 1.22 0.51 2.93 0.7

Non-smoker 0.61 0.19 1.91 0.4
Previous history of NMIBC 0.80 0.31 2.08 0.6
Clinical T-stage:

CT2NO (Ref))

cT3-4NO 2.71 1.24 5.93 0.01 2.43 1.07 5.50 0.03
TMB (Mut/Mb; continuous) 0.96 0.91 1.01 0.1 0.96 0.91 1.02 0.2
CPS (%; continuous) 0.98 0.96 0.99 0.01 0.98 0.96 0.99 0.02

BCG, Bacillus Calmette—Guérin; CPS, combined positive score; HR, hazard ratio; NMIBC, non-muscle-invasive bladder cancer; Ref., reference group; TMB, tumor mutational

burden; UC, urothelial carcinoma; VH, variant histology.
? Two-sided Wald test P-value.

approximating 65%-68%,"” which is a bit lower than the
estimate from the PURE-01 (around 75%). The OS results,
representing the ultimate end point of any perioperative
trial, are also promising although still immature. Another
key aspect that was addressed in this study was the
outcome of patients according to the clinical response,
either assessed radiologically with mpMRI or radiologically
and with a re-TURBT, the latter carried out in patients who
refused to undergo RC. EFS of CR patients exceeded 95%
at 24 months, and this result is very promising in this
clinical setting, further supporting the role of a

noninvasive assessment of tumor response in MIBC after
neoadjuvant immunotherapy. In addition, in those pa-
tients who refused to undergo RC and received a re-
TURBT, the pathological response at re-TURBT resulted in
a major response in all cases, and all of them are currently
disease-free under active surveillance.

From these results, by looking at baseline biomarkers in
the total population as well as in the latter subgroup, the
role of biomarker selection to identify the most suited
candidates for neoadjuvant immunotherapy emerges as
potentially significant, deserving validation studies. Patients

Consensus classifer TCGA classifer Decipher classifer
A 1.0 B 1.0+ C 1.0
0.84 ]:I 0.8+ 0.8+
— — —
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Time (months) Time (months) Time (months)
Ba/Sq (5) 38 33 25 20 15 10 Ba/Sq (5) 36 31 25 21 17 10 Basal (7) 38 35 28 19 16 7
LumNS (3) 17 17 14 10 7 3 Luminal (5) 18 17 14 " 9 5 Claudin-low (1) 14 12 10 9 6 6
LumP (6) 16 15 15 " 8 5 Lum. infiltr (5) 27 26 22 14 9 5 Lum. infiltr (5) 22 22 19 16 12 6
LumU (3) 20 18 16 " 9 4 LumP (5) 17 15 15 10 7 3 Luminal (7) 25 21 19 12 8 5
NE-like 2) 3 1 1 1 Neuronal (2) 4 2 1 1 NE-like (2) 3 1 1 1
Stroma-rich (3) 8 7 6 4 3 1
Numbers at risk Numbers at risk Numbers at risk

Figure 3. Kaplan—Meier curves of event-free survival by molecular subtype.

(A) Consensus classifier, (B) TCGA, and (C) GSC-Decipher classifier. The number of patients at risk is indicated, as well as the number of events for each subtype (in

brackets).

Ba/Sq, basal/squamous; Lum. infiltr, luminal infiltrated; LumNS, luminal not specified; LumP, luminal papillary; LumU, luminal unstable; NE, neuroendocrine; TCGA, The

Cancer Genome Atlas.

(77.3-100) and 74.9% (50.8-100) for ypT1/a/is YPNO; 92.9% (83.8-100) and 78.8% (61.2-100) for ypT2-4 ypNO; and 74.9% (56.2-99.8) and 39.3% (19.2-80.5) for patients with

pathologically lymph node-involvement (ypN+).
Cl, confidence interval; IQR, interquartile range.
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with PD-L1-expressing tumors or, even better, claudin-low
tumors had more favorable EFS compared with the
remainder. These data were consistent with the results
obtained from the molecular subtyping where we found
patients with tumors of the claudin-low subtype had very
favorable EFS compared with the other subtypes using the
Decipher model. Importantly, claudin-low tumors have
higher levels of immune infiltration and higher expression
of immune suppressor markers, including CD274/PD-11,"%*°
which may explain, at least in part, the sensitivity of these
tumors to pembrolizumab.

If we look at patients who refused RC, the impact of
baseline PD-L1 expression, possibly coupled with high-TMB
values in the way we have previously described,*® may
become highly relevant in identifying the population with
the best bladder-intact EFS. All four patients were free from
recurrence at a median follow-up of 10 months. These
hypothesis-generating results could be prospectively tested
in trials in which patients with clinical T2NO stage or with
the newly-defined early bladder cancer,®* and with tumors
showing high CPS values, could be assigned to receive three
cycles of pembrolizumab followed by re-TURBT. In case of
centrally-reviewed ypTO response, these patients could be
offered a maintenance pembrolizumab therapy instead of
any other local treatment to the primary tumor. Inherent
limitations of the present analyses are certainly related to
the single-arm design of PURE-01 and the fact that the
analyses on biomarker-selected cohorts, as well as the
entire survival analyses, were not pre-specified, therefore
were largely underpowered.

CONCLUSIONS

In summary, in spite of compelling overall EFS and RFS in
the PURE-01 study, we have shown that the RFS curves
according to the pathologic response have some peculiar-
ities compared with the literature. Although the design of
the study did not allow a definitive evaluation of surrogacy,
our results suggested that the population of patients
currently defined as having a high risk of relapse after
neoadjuvant chemotherapy and RC could be different in the
context of preoperative immunotherapy. Our results also
provided a first proof-of-concept that ypTOypNO response
may be a good surrogate of EFS within immunotherapy
trials and will be used in clinical trials to orient bladder-
sparing strategies, possibly including pembrolizumab and
re-TURBT alone in biomarker-selected patients.

FUNDING

This work was supported by Merck & Co., Inc., Kenilworth,
NJ, USA; and Associazione Italiana per la Ricerca sul Cancro
(AIRC). No grant number.

DISCLOSURE

AN consulting: Merck, Astra Zeneca, Janssen, Incyte, Roche,
Rainier Therapeutics, Clovis Oncology, Bayer, and Astellas/
Seattle Genetics, Ferring, Immunomedics; grant/research
support: Merck, Ipsen, and Astra Zeneca; travel expenses/

1762 https://doi.org/10.1016/j.annonc.2020.09.011

M. Bandini et al.

honoraria: Roche, Merck, Astra Zeneca, and Janssen. EAG
employee of Decipher Biosciences Inc. JSR employee and
stock owner of Foundation Medicine, a wholly-owned
subsidiary of Roche Pharmaceuticals. The other authors
declare no conflicts of interest.

REFERENCES

1. Brierley JD, Gospodarowicz MK, Wittekind C. TNM classification of
malignant tumors. UICC International Union Against Cancer. 8th edn.
2017, Oxford: Wiley-Blackwell

2. Bellmunt J, de Wit R, Vaughn DJ, et al. Pembrolizumab as second-line
therapy for advanced urothelial carcinoma. N Engl J Med. 2017;376:
1015-1026.

3. Loriot Y, Necchi A, Park SH, et al. Erdafitinib in locally advanced or
metastatic urothelial carcinoma. N Engl J Med. 2019;381:338-348.

4, Balar AV, Kamat AM, Kulkarni GS, et al. Pembrolizumab (Pembro) for
the treatment of patients with Bacillus Calmette—Guérin (BCG) un-
responsive, high-risk (HR) non-muscle-invasive bladder cancer
(NMIBC): over two years follow-up of Keynote-057. J Clin Oncol.
2020;3(suppl; abstr 5041).

5. Necchi A, Anichini A, Raggi D, et al. Pembrolizumab as neoadjuvant
therapy before radical cystectomy in patients with muscle-invasive
urothelial bladder carcinoma (PURE-01): an open-label, single-arm,
phase Il study. J Clin Oncol. 2018;36:3353-3360.

6. Necchi A, Raggi D, Gallina A, et al. Updated results of PURE-01 with
preliminary activity of neoadjuvant pembrolizumab in patients with
muscle-invasive bladder carcinoma with variant histologies. Eur Urol.
2020;77:439-446.

7. Powles T, Kockx M, Rodriguez-Vida A, et al. Clinical efficacy and
biomarker analysis of neoadjuvant atezolizumab in operable urothelial
carcinoma in the ABACUS trial. Nat Med. 2019;25:1706-1714.

8. Van Dijk, Gil Jimenez A, Silina K, et al. Biomarker analysis and updated
clinical follow-up of preoperative ipilimumab (ipi) plus nivolumab
(nivo) in stage I urothelial cancer (NABUCCO). J Clin Oncol.
2020;38(suppl; abstr 5020).

9. Briganti A, Gandaglia G, Scuderi S, et al. Surgical safety of radical
cystectomy and pelvic lymph node dissection following neoadjuvant
pembrolizumab in patients with bladder cancer: prospective assess-
ment of perioperative outcomes from the PURE-01 trial. Eur Urol.
2020;77:576-580.

10. Sonpavde G, Goldman BH, Speights VO, et al. Quality of pathologic
response and surgery correlate with survival for patients with
completely resected bladder cancer after neoadjuvant chemotherapy.
Cancer. 2009;115:4104-4109.

11. Parekh DJ, Reis IM, Castle EP, et al. Robot-assisted radical cystectomy
versus open radical cystectomy in patients with bladder cancer (RA-
ZOR): an open-label, randomised, phase 3, non-inferiority trial. Lancet.
2018;391:2525-2536.

12. Venkatramani V, Reis IM, Castle EP, et al. Predictors of recurrence, and
progression-free and overall survival following open versus robotic
radical cystectomy: analysis from the RAZOR trial with a 3-year follow-
up. J Urol. 2020;203:522-529.

13. Necchi A, Bandini M, Calareso G, et al. Multiparametric magnetic
resonance imaging as a noninvasive assessment of tumor response to
neoadjuvant pembrolizumab in muscle-invasive bladder cancer: pre-
liminary findings from the PURE-01 study. Eur Urol. 2020;77:636-643.

14. Bandini M, Calareso G, Raggi D, et al. The value of multiparametric
magnetic resonance imaging sequences to assist in the decision mak-
ing of muscle-invasive bladder cancer. Eur Urol Oncol. 2020. https://
doi.org/10.1016/j.eu0.2020.06.004. $2588-9311(20)30082-1.

15. Necchi A, Raggi D, Gallina A, et al. Impact of molecular subtyping and
immune infiltration on pathological response and outcome following
neoadjuvant pembrolizumab in muscle-invasive bladder cancer. Eur
Urol. 2020;77:701-710.

16. Kamoun A, de Reynies A, Allory Y, et al. A consensus molecular classifi-
cation of muscle-invasive bladder cancer. Eur Urol. 2020;77:420-433.

Volume 31 m Issue 12 m 2020


http://refhub.elsevier.com/S0923-7534(20)42461-5/sref2
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref2
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref2
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref3
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref3
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref4
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref4
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref4
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref4
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref4
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref4
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref5
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref5
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref5
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref5
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref6
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref6
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref6
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref6
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref7
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref7
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref7
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref8
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref8
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref8
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref8
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref9
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref9
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref9
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref9
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref9
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref10
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref10
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref10
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref10
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref11
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref11
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref11
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref11
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref12
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref12
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref12
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref12
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref13
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref13
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref13
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref13
https://doi.org/10.1016/j.euo.2020.06.004
https://doi.org/10.1016/j.euo.2020.06.004
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref15
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref15
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref15
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref15
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref16
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref16
https://doi.org/10.1016/j.annonc.2020.09.011
https://doi.org/10.1016/j.annonc.2020.09.011
https://doi.org/10.1016/j.annonc.2020.09.011
https://doi.org/10.1016/j.annonc.2020.09.011
https://doi.org/10.1016/j.annonc.2020.09.011
https://doi.org/10.1016/j.annonc.2020.09.011
https://doi.org/10.1016/j.annonc.2020.09.011
https://doi.org/10.1016/j.annonc.2020.09.011
https://doi.org/10.1016/j.annonc.2020.09.011

17.

18.

19.

20.

21.

22.

23.

24.

Volume 31 m

. Bandini et al.

Robertson AG, Kim J, Al-Ahmadie H, et al. Comprehensive molecular
characterization of muscle-invasive bladder cancer. Cell. 2017;171:540-
56 e25.

Batista da Costa J, Gibb EA, Bivalacqua TJ, et al. Molecular character-
ization of neuroendocrine-like bladder cancer. Clin Cancer Res.
2019;25:3908-3920.

Seiler R, Ashab HAD, Erho N, et al. Impact of molecular subtypes in
muscle-invasive bladder cancer on predicting response and survival
after neoadjuvant chemotherapy. Eur Urol. 2017;72:544-554.
Williams SB, Ray-Zack MD, Hudgins HK, et al. Impact of centralizing
care for genitourinary malignancies to high-volume providers: a sys-
tematic review. Eur Urol Oncol. 2019;2:265-273.

Petrelli F, Coinu A, Cabiddu M, et al. Correlation of pathologic com-
plete response with survival after neoadjuvant chemotherapy in
bladder cancer treated with cystectomy: a meta-analysis. Eur Urol.
2014;65:350-357.

Aragon-Ching JB, Werntz RP, Zietman AL, et al. Multidisciplinary
management of muscle-invasive bladder cancer: current challenges
and future directions. Am Soc Clin Oncol Educ Book. 2018;38:307-318.
Anari F, O’'Neill J, Choi W, et al. Neoadjuvant dose-dense gemcitabine
and cisplatin in muscle-invasive bladder cancer: results of a phase 2
trial. Eur Urol Oncol. 2018;1:54-60.

Peyton CC, Tang D, Reich RR, et al. Downstaging and survival outcomes
associated with neoadjuvant chemotherapy regimens among patients

Issue 12 m 2020

25.

26.

27.

28.

29.

30.

31.

treated with cystectomy for muscle-invasive bladder cancer. JAMA
Oncol. 2018;4:1535-1542.

Funt S, Chapman PB. The role of neoadjuvant trials in drug develop-
ment for solid tumors. Clin Cancer Res. 2016;22:2323-2328.

Gupta S, Sonpavde G, Weight CJ, et al. Results from BLASST-1 (bladder
cancer signal seeking trial) of nivolumab, gemcitabine, and cisplatin in
muscle invasive bladder cancer (MIBC) undergoing cystectomy. J Clin
Oncol. 2020;38(suppl 6; abstr 439).

Galsky MD, Hahn NM, Powles T, et al. Gemcitabine, cisplatin, and
sunitinib for metastatic urothelial carcinoma and as preoperative
therapy for muscle-invasive bladder cancer. Clin Genitourin Cancer.
2013;11:175-181.

Bandini M, Briganti A, Plimack ER, et al. Modeling 1-year relapse-free
survival after neoadjuvant chemotherapy and radical cystectomy in
patients with clinical T2-4NOMO urothelial bladder carcinoma: end-
points for phase 2 trials. Eur Urol Oncol. 2019;2:248-256.

Kardos J, Chai S, Mose LE, et al. Claudin-low bladder tumors are immune
infiltrated and actively immune suppressed. JCI Insight. 2016;1:€85902.
Bandini M, Ross JS, Raggi D, et al. Predicting the pathologic complete
response after neoadjuvant pembrolizumab in muscle-invasive bladder
cancer. J Natl Cancer Inst. 2020:djaa076. https://doi.org/10.1093/jnci/
djaa076 (Epub ahead of print).

Necchi A, Gallina A, Dyrskjgt L, et al. Converging roads to early bladder
cancer. Eur Urol. 2020;78:127-130.

https://doi.org/10.1016/j.annonc.2020.09.011 1763


http://refhub.elsevier.com/S0923-7534(20)42461-5/sref17
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref17
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref17
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref18
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref18
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref18
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref19
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref19
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref19
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref20
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref20
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref20
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref21
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref21
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref21
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref21
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref22
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref22
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref22
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref23
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref23
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref23
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref24
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref24
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref24
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref24
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref25
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref25
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref26
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref26
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref26
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref26
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref27
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref27
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref27
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref27
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref28
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref28
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref28
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref28
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref29
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref29
https://doi.org/10.1093/jnci/djaa076
https://doi.org/10.1093/jnci/djaa076
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref31
http://refhub.elsevier.com/S0923-7534(20)42461-5/sref31
https://doi.org/10.1016/j.annonc.2020.09.011
https://doi.org/10.1016/j.annonc.2020.09.011

	Does the administration of preoperative pembrolizumab lead to sustained remission post-cystectomy? First survival outcomes  ...
	Introduction
	Materials and methods
	PURE-01 study oversight
	Study outcomes
	Biomarker analyses
	Statistical analyses

	Results
	Study cohort and updated activity data
	Efficacy analyses
	Results of the Cox regression analyses for EFS
	Updated molecular subtyping results for EFS end point in PURE-01
	Outcomes of patients who achieved a radiological CR and of those who refused RC

	Discussion
	Conclusions
	Funding
	Disclosure
	References


