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Abstract: Immune checkpoint inhibitors (ICIs) are now the standard of care for metastatic urothelial
carcinoma (mUC) patients. Our aim was to describe the activity of ICIs in mUC and find the clinical
parameters associated with response. This is a retrospective, single-center chart review of mUC
patients receiving ICIs. The overall survival (OS) was plotted using the Kaplan–Meier method and
was compared using a log-rank test. Associations between the variables and responses were analyzed
by univariate and multivariable analyses, using either logistic regression or a Chi-square/Fisher’s
exact test. Ninety-four patients received ICIs, 85% of which were in the second line or beyond; the
median age was 71.8 years, and 82% were men. Six (6.4%), 11 (11.7%), 7 (7.4%) and 70 (74.5%) patients
achieved a complete response (CR), partial response (PR), mixed response/stable disease (M/SD)
or progressive disease (PD), respectively. The median overall survival was 3.2 months for the entire
cohort and was significantly different according to the response pattern—not reached, 32.3, 6.4 and
2.0 months for CR, PR, M/SD and PD, respectively. The response was not significantly associated
with the line of treatment. ‘Site of metastasis’ was associated with the response, and the absolute
neutrophil count was borderline associated with the response. In summary, we found a substantial
variance in the potential benefit from ICIs in mUC, emphasizing the need for predictive biomarkers
and frequent monitoring of mUC patients receiving ICIs.

Keywords: immune checkpoint inhibitors; metastatic urothelial carcinoma; PD-L1; PD-1; response;
lymph nodes

1. Introduction

After decades in which there were no advancements in the treatment of metastatic
urothelial cancer (mUC), the last years have seen the introduction of immune checkpoint
inhibitors (ICIs) into the arsenal of active drugs for this disease. Following the initial
report on the activity of pembrolizumab in five different types of cancer, presented in
abstract form at the end of 2014 (and later published) [1–5], medium phase-II and large
phase-III clinical trials were quickly initiated for urothelial cancer, assessing anti-PD1 and
anti-PDL1 in the advanced, platinum-refractory setting [6–8]. Ultimately, the anti-PD1
antibody pembrolizumab [8], but not the anti-PDL1 antibody atezolizumab [7], was shown
to be superior to second-line chemotherapy, despite having response rates of around 20%.

Pembrolizumab and atezolizumab received accelerated approval for frontline use in
cisplatin-ineligible patients based on the surrogate endpoints from two phase-II single-arm
trials [9,10]; however, their use was later restricted by regulatory agencies and given only
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to cisplatin-ineligible UC patients who were PD-L1 positive or patients who were ineligible
for any platinum-containing chemotherapy [11].

In line with these prospective observations, a retrospective cohort study of more than
200 mUC patients receiving first-line or carboplatin-based chemotherapy found a lower OS
rate at 12 months for ICI but a higher OS rate at 36 months relative to carboplatin-based
chemotherapy [12].

It has been repeatedly established that patients in the ‘real-life’ setting generally fare
worse than patients in clinical trials across all common oncological outcomes (such as
response, progression-free survival (PFS) and overall survival (OS)) for several reasons [13].
Our aim in this current analysis is to describe the characteristics of response and survival in
urothelial cancer patients receiving anti- PD1/L1 antibodies at the Sheba medical center, and
to characterize the clinical or biochemical variables associated with responses to treatment.

2. Results

Between November 2014 and March 2019, 94 patients received ICIs for urothelial
cancer at the Sheba medical center. The median age was 71.8 (range 43.7–95.7) years, and
77 (82%) were men. The primary disease site was the bladder in 77% of the cases, the
upper urothelial tract (ureters and renal pelvis) in 17%, and in 6%, it presented in both sites
concurrently. Approximately one-third of the patients (35%) presented with metastatic
disease, whereas the remaining patients initially presented with localized disease. In 85% of
the patients, the cancer was pure urothelial, in 9%, it was a mixture of pure urothelial with
other histological types, and in 4% of patients, the cancer was predominantly squamous.
The metastatic site included the lymph nodes (LNs) as a single site in 11%, visceral organs
(liver, lung, bladder, pelvis, kidney and peritoneum, with or without LNs) in 61%, and
bones (with or without additional site involvement) in 29%.

A total of 61% of patients received ICIs in the second line following a platinum-based
combination therapy; 24% of the patients received ICIs in the third line or above, and 14% of
patients received ICIs in the first line (mainly due to an inability to receive chemotherapy).
Almost half of the patients (47%) in our cohort had a significantly compromised ECOG
PS of 3, whereas about a quarter (28%) had a compromised ECOG PS of 2, and another
quarter (26%) had a preserved ECOG PS of 0/1. The patient characteristics and baseline
lab parameters are given in Table 1.

Table 1. Patient Characteristics.

Patient Characteristics N %

Sex
Male 77 82

Female 17 18

Histology

Pure urothelial 80 85

Mixed 8 9

Predominantly squamous 4 4

Other 2 2

Primary site

Bladder 72 77

Upper tract 16 17

Bladder + Upper tract 6 6

Sites of metastasis

Visceral (soft tissue in
pelvis or metastatic) 57 61

LNs only 10 11

Bones (with or without
other sites) 27 29
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Table 1. Cont.

Patient Characteristics N %

Metastatic at presentation
No 61 65

Yes 33 35

Definitive treatment

Surgery 34 36

RT 13 14

Surgery + RT 2 2

Not applicable/unknown 44 47

Prior neo-adjuvant/adjuvant
chemo

Yes 28 30

No 66 70

# of previous chemotherapy
lines

0 14 15

1 57 61

2 or more 23 24

ECOG PS
0/1 24 25

2 26 28

3/4 44 47

Characteristic Median Range

Age (years) 71.8 43.7–95.7

Hemoglobin (gr/dL) 10.3 7–15.5

WBC (K/microL) 7.2 2.3–37.3

Platelets (K/microL) 235 16–668

Neutrophils (K/microL) 4.6 1.5–35.8

Lymphocytes (K/microL) 1.1 0.25–6.0

LDH (IU/L) 218 114–7143

Alkaline phosphatase
(IU/L) 120 37–1993

Albumin (gr/dL) 3.5 2.1–6.3

The treatment characteristics are given in Table 2. A little over two-thirds of the
patients (71%) received pembrolizumab, whereas the remaining patients received any of
the three other ICIs (durvalumab, nivolumab, atezolizumab). Four patients received a
combination of anti-PD1/L1 antibody and an additional investigational ICI as part of a
clinical trial. The median number of treatment cycles was 3 (range 1–43). The reasons
for discontinuation included death or progressive disease in 80%, toxicity in 7% and the
achievement of a complete response in 4%. In four patients for which the treatment
was discontinued due to the achievement of a complete response, the median number of
administered cycles was 27 (range 10–43). Further, 9% of patients were still on treatment at
the time of the data analysis.

A total of 79 patients (84%) had either no side effects or only fatigue; 10 patients (11%)
had two irAEs, and 5 patients (5%) had three or more. Approximately a third of the patients
(33%) received steroids to ameliorate irAEs throughout the treatment.

The frequency of irAEs is given in Figure 1. A little more than 10% of patients had
a rash on treatment, a little less than 10% had colitis, and approximately 5% of patients
developed pneumonitis. Toxicity in the CNS occurred in 2.8% of patients (mainly encephali-
tis). Additional rare irAEs included myositis in one patient, peripheral neuropathy in one
patient, and hyponatremia (that was not a manifestation of hypocortisolism) in one patient.
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Table 2. Treatment Characteristics.

Treatment Characteristics N %

IO type

Pembrolizumab 67 71

Atezolizumab 19 20

Nivolumab 3 3

Durvalumab 1 1

Anti-PD1 + Other 4 4

Median # of IO cycles 3 Range 1–43

Reasons for
discontinuation

Death 19 20

Deterioration (clinical and/or radiological) 56 60

Complete response 4 4

Toxicity 7 7

NA-still on treatment 8 9

Received steroids for
toxicity

No 62 66

Yes 32 34
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Figure 1. Frequency of Immune-Related Toxicities.

The response characteristics are given in Table 3. Six (6.4%) patients achieved CR,
11 (11.7%) patients achieved PR, 7 (7.4%) had a mixed response or stable disease, and 70
(74.5%) had progressive disease as their best response. The overall response rate (calculated
as the sum of CR+PR) was 18.1%. The overall survival for the entire cohort was 3.2 months
(range 0.3–over 44.5 months), and the median duration of the response was 2.1 months
(range 0.3–over 34.9 months).

Table 3. Response Characteristics.

Response Type N % Median OS (95% CI; Months)

Complete response (CR) 6 6.4 NR

Partial response (PR) 11 11.7 32.3 (>7.9)

Stable disease (SD)/
mixed response 7 7.4 6.4 (>3.8)

Progressive Disease (PD) 70 74.5 2.0 (1.7–2.5)

The median OS was not reached for patients achieving CR (as all six patients were
still responders at the time of analysis and, hence, were above 48 months); 32.3 months for
patients with PR; 6.4 months for patients with mixed/SD; 2 months for patients with PD.
The survival curves of the four response groups are seen in Figure 2, with the difference
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between the groups highly statistically significant (p < 0.0001 using the log-rank test).
There was also a strong association between ECOG PS and the median overall survival:
7.0 months for patients with ECOG PS = 0/1; 1.9 months for patients with ECOG PS = 2;
1.3 months for patients with ECOG PS = 3/4 (p < 0.05 using log-rank test). Nonetheless,
there were three patients in each group of the compromised ECOG PS (corresponding to
13% and 15% of the ECOG PS = 2 and ECOG PS = 3/4 groups, respectively) that survived
more than a year following an ICI start.
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Figure 2. Overall survival according to response type.

We next assessed the association between the clinical and biochemical parameters and
response using univariate analysis. The following parameters were not significantly associ-
ated with the response: age, primary site, histology, metastatic disease at presentation, the
previous number of treatment lines, baseline platelet or lymphocyte count, hemoglobin, lac-
tate dehydrogenase (LDH) levels, ECOG performance status (PS), neutrophil-to-lymphocyte
ratio (NLR) and sex. Two parameters were associated with response, with a p-value of
0.15 or less—the metastatic site (p = 0.005) and the absolute neutrophil count (p = 0.15). We
changed the continuous variable ‘neutrophil count‘ to a dichotomous scale of neutrophils
above or below the median, which was calculated to be 4.6 K/microL. This binary variable
was borderline associated with the response in the univariate analysis (p = 0.06; Table 4).

Table 4. Univariate Analysis of Clinical Variables Associated with Response.

Level p-Value OR
95% CI

Lower Upper

Worst metastatic
Site

node only vs. bone
0.005

15.75 2.30 107.93

visceral disease
vs. bone 1.82 0.36 9.13

Neutrophil
(K/microL) 0.15 0.87 0.72 1.05

Neutrophil > 4.6
(K/microL) Yes vs. No 0.06 0.34 0.11 1.06

We then performed a multivariable analysis using two variables: ‘metastatic site’
and the binary variable ‘neutrophil count above or below median’. The site of metastasis
retained a statistically significant association with the response: patients with metastasis
solely in the LNs had a response rate of 60%; patients with visceral metastasis had a
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response rate of 14.8%; patients with bone metastasis had a response rate of 8.7% (p < 0.05;
Tables 5 and 6). The ‘neutrophil count above median’ was borderline associated with the
response (p = 0.056; Table 5).

Table 5. Multivariable Analysis of Clinical Variables Associated with Response.

Parameter Level p-Value OR
95% CI

Lower Upper

Worst metastatic Site node only
vs. bone 0.007 21.6 2.6 180.0

Neutrophil > 4.6 K/microL Yes vs.
No 0.054 0.28 0.08 1.02

Table 6. Response Rates and Odds Ratio (OR) by Clinical Characteristics.

Clinical Characteristic Response Rate 95% CI

Metastatic site

Visceral 14.8 (7–26)

Bone 8.7 (1–28)

LN only 60.0 (26–88)

Neutrophils (K/microL)
>4.6 12.2 (4–26)

≤4.6 29.3 (16–46)

3. Methods
3.1. Patients

This is a retrospective chart review of all patients who received any type of anti-PD1
or anti-PD-L1 antibody (designated collectively as ‘immune checkpoint inhibitors’ (ICIs))
for non-resectable/metastatic urothelial cancer of any primary site (bladder or upper tract).
Patients were included if they had any histology of bladder cancer and received ICIs at
any line of treatment, as long as it was not given concurrently with chemotherapy or as
maintenance following the non-progression of a previous line. Four patients (4%) who
received a combination of ICIs, one of which was an anti- PD1/L1 antibody (as part of
a clinical trial), were included. Patients who were treated with ICIs as a ‘re-challenge’,
i.e., following a previous course of such treatments, were only assessed for drug activity
upon their first exposure; however, they were included in the overall survival analysis.
Following the institutional review board’s ethical approval (#SMC-4963-18), clinical data
and lab results were extracted from electronic medical records. Baseline lab tests were
defined as those taken within two weeks prior to the first course of ICI.

3.2. Endpoints

There were two endpoints to this study. The first was to quantify the response patterns
and calculate the overall survival according to the type of response achieved. The second
was to find the clinical and biochemical parameters associated with the response.

3.3. Definitions of Response and Toxicity

Complete response (CR) was defined as the complete disappearance of metastasis on
computed tomography (CT) or magnetic resonance imaging (MRI) scans at any timepoint
from the initiation of ICI treatment. Partial response (PR) was defined as a clinically
meaningful decrease in the extent of metastasis based on physicians’ discretion. These
criteria were chosen rather than the formal RECIST criteria since, in ‘real-life’, responses
can clearly be clinically meaningful, even if a 30% decrease in the sum of diameters is
not observed. Progressive disease (PD) was defined as any of the following: unequivocal
radiological progression (with or without subsequent confirmatory scans), unequivocal
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clinical deterioration, or death. A mixed response was defined when some of the metastatic
lesions decreased in size and some increased, and stable disease (SD) was defined when
neither a clinically meaningful decrease nor an unequivocal increase in the size of metastatic
lesions occurred. ‘Response’ was defined as achieving either CR or PR, and ‘non-response’
was defined as either SD, mixed response or PD.

Adverse events were defined as immune-related (designated ‘immune related adverse
events (irAEs)) by the treating medical oncologist following standard diagnostic procedures
and to his/her best clinical judgment. The irAEs either belonged to one of the frequent
categories—rash, colitis, nephritis, hepatitis, pneumonitis, endocrinopathies and immune-
mediated central nervous system (CNS) toxicity—or were defined as ‘other’.

3.4. Statistical Analysis

We plotted the overall survival for the 4 different response groups using the Kaplan–
Meier method and calculated the statistical significance using the log-rank test. The
potential variables associated with the response were analyzed by univariate analysis, using
either logistic regression for the continuous variables or χ2/Fisher’s exact test (depending
on the expected cell frequency) for the categorical variables. Multivariable analysis was
carried out using logistic regression on all variables, with a p-value of <0.07 on the univariate
analysis. All tests were two-tailed, with a probability of <0.05 considered statistically
significant. Statistical analyses were performed using version 9.4 of the SAS System for
Windows (Copyright © 2022-2012 SAS Institute, Inc., Cary, NC, USA) and the open-source
statistical software R version 3.6.3 (R Core Team, R Foundation for Statistical Computing,
Vienna, Austria, 2020).

4. Discussion

In this retrospective analysis of a very heterogeneous group of metastatic UC patients,
we found a response rate of 18.1% to ICIs. This rate is similar to the response rates reported
in the prospective phase-III trials [7,8], despite the less stringent definition of response in
our analysis. It has been repeatedly shown that ‘real-life’ patients fare worse than clinical
trial patients [13,14]. Here, it is plausible that the compromised performance status of the
patients negatively affected response and survival, as described in [15]. Indeed, we found
an association between PS and OS, although there were a few patients with compromised
or extremely compromised PS who had prolonged survival following the start of treatment,
stressing the complex association between these two parameters concerning ICIs. The
patient characteristics in this cohort are very typical of mUC patients, and we conjecture
that this cohort’s performance status is indeed reminiscent of that seen in ‘real-life’ patients
with this disease. Of note, there was a very low rate of disease stability or mixed response
to the ICIs, and most patients progressed. The median number of the treatment cycles—
three—indicates that most patients stopped their treatment prior to their fourth cycle and
less than 12 weeks after treatment initiation.

There was a very strong association between the type of response and OS, with
patients achieving a CR having an excellent prognosis and those achieving PD having
an extremely dismal prognosis, with a median OS of merely 2 months. A commentary
analyzing the updated results of the KEYNOTE-045 trial of pembrolizumab in the second
line in UC patients [16] pointed out that different parts of the mUC population get markedly
different levels of benefit (or lack thereof) from pembrolizumab [17]. Our retrospective
results strongly support this claim and suggest that frequent clinical monitoring should be
practiced within the first few months of ICI treatment and that a high index of suspicion
for rapid progression should be exercised. The vast variance in the extent of benefit from
using ICIs is of great concern, as the rapid clinical deterioration seen in non-responders
may preclude offering these patients additional lines of treatment following ICI failure,
as has indeed been reported by Lista et al. [18]. Vigilance and careful monitoring must be
exercised, especially in lieu of the clear trend to expedite the administration of ICIs to the
first-line setting in cisplatin-ineligible patients [19]. Moreover, it has been suggested that
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some patients with solid malignancies have ‘hyper-progression’ on ICI [20–24], namely an
increase in the rate of disease progression on treatment. Clearly, our retrospective analysis
cannot confirm or negate the existence of such a response type, necessitating prospective
clinical trials to assess this very point. Based on the literature and our clinical experience,
our current practice is to inform patients of the possibility of rapid disease progression
following the initiation of ICIs and to perform frequent clinical and laboratory assessments
prior to a formal radiological disease assessment.

We found an association between the site of metastasis and response to ICI, with a
significantly higher response in patients whose metastases are confined to lymph nodes
and a significantly lower response in patients whose metastases are confined to the bone.
Urothelial cancer without liver or bone metastases has been known for decades to por-
tend a better prognosis and response to chemotherapy [25]. Conversely, the existence of
bone metastasis was found to be associated with a worse response to cisplatin-containing
combination chemotherapies [26]. Our analysis may also suggest that a higher neutrophil
count is associated with a worse response to ICIs, although this association is only bor-
derline significant. Neutrophilia is a validated prognostic factor in metastatic renal cell
carcinoma [27], uterine carcinosarcoma [28], stage III NSCLC [29] and locally advanced
rectal cancer [30] but has not been suggested as a prognostic or predictive factor of response
to ICIs to date, to the best of our knowledge. A low neutrophil-to-lymphocyte (NLR) count
has repeatedly been shown to be associated with a response to chemotherapy in several
settings of urothelial cancer [31,32]. Clearly, our observation needs further validation in
larger cohorts.

The main limitation of our work is the heterogeneity of the cohort, mainly in terms
of PS and in terms of lines of treatment, and our observations must be taken with this
significant limitation in mind. Nonetheless, the consistency of our observation with previ-
ously published prospective and retrospective trials is reassuring and lends strength to our
proposition that mUC patients receiving ICIs should be monitored frequently.

5. Conclusions

Our recent analysis highlights the significant variance in the response and consequent
potential survival benefit (or lack thereof) from using ICIs for urothelial cancer. Our work
points to sole LN involvement as a potential predictor of response, to be further assessed
prospectively. The association between a high neutrophil count and lack of response should
also be further studied. Hopefully, novel clinical factors, together with the emerging
molecular factors of both the tumor and the micro-environment, will help better define the
mUC patients most likely to respond to immune checkpoint inhibitors.

Author Contributions: Conceptualization, R.L.; data curation, M.G., I.A., M.L., O.P., T.D. and R.S.-B.;
formal analysis, M.G., I.A., E.G.A. and R.L.; investigation, M.G. and I.A.; methodology, E.G.A.;
supervision, R.B. and R.L.; writing—original draft, M.G. and R.L.; writing—review and editing, all
authors. All authors have read and agreed to the published version of the manuscript.

Funding: This work did not receive any external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Sheba Medical Center (protocol code
SMC-4963-18, March 2018).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the
analysis and its anonymity.

Data Availability Statement: Data is found within the article.

Conflicts of Interest: M.G. received honoraria from BMS and MSD; M.L. received honoraria from
MSD, Roche and BMS and has an advisory role in MSD; R.B. received honoraria and has an advisory
role in BMS, MSD, Roche, Pfizer and AstraZeneca; R.L. received honoraria from BMS, MSD, Pfizer
and Roche and has an advisory role in Pfizer; the other authors have no conflicts of interest.



Pharmaceuticals 2022, 15, 1154 9 of 10

References
1. Nanda, R.; Chow, L.Q.M.; Dees, E.C.; Berger, R.; Gupta, S.; Geva, R.; Pusztai, L.; Pathiraja, K.; Aktan, G.; Cheng, J.D.; et al.

Pembrolizumab in Patients With Advanced Triple-Negative Breast Cancer: Phase Ib KEYNOTE-012 Study. J. Clin. Oncol. 2016, 34,
2460–2467. [CrossRef] [PubMed]

2. Pembrolizumab (MK-3475) for Advanced Urothelial Cancer: Updated Results and Biomarker Analysis from KEYNOTE-012. |
2015 ASCO Annual Meeting | Abstracts | Meeting Library. Available online: http://meetinglibrary.asco.org/content/147894-156
(accessed on 2 February 2016).

3. Muro, K.; Chung, H.C.; Shankaran, V.; Geva, R.; Catenacci, D.; Gupta, S.; Eder, J.P.; Golan, T.; Le, D.T.; Burtness, B.; et al.
Pembrolizumab for patients with PD-L1-positive advanced gastric cancer (KEYNOTE-012): A multicentre, open-label, phase 1b
trial. Lancet Oncol. 2016, 17, 717–726. [CrossRef]

4. Plimack, E.R.; Bellmunt, J.; Gupta, S.; Berger, R.; Chow, L.Q.M.; Juco, J.; Lunceford, J.; Saraf, S.; Perini, R.F.; O’Donnell, P.H.
Safety and activity of pembrolizumab in patients with locally advanced or metastatic urothelial cancer (KEYNOTE-012): A
non-randomised, open-label, phase 1b study. Lancet Oncol. 2017, 18, 212–220. [CrossRef]

5. Seiwert, T.Y.; Burtness, B.; Mehra, R.; Weiss, J.; Berger, R.; Eder, J.P.; Heath, K.; McClanahan, T.; Lunceford, J.; Gause, C.; et al.
Safety and clinical activity of pembrolizumab for treatment of recurrent or metastatic squamous cell carcinoma of the head and
neck (KEYNOTE-012): An open-label, multicentre, phase 1b trial. Lancet Oncol. 2016, 17, 956–965. [CrossRef]

6. Rosenberg, J.E.; Hoffman-Censits, J.; Powles, T.; van der Heijden, M.S.; Balar, A.V.; Necchi, A.; Dawson, N.; O’Donnell, P.H.;
Balmanoukian, A.; Loriot, Y.; et al. Atezolizumab in patients with locally advanced and metastatic urothelial carcinoma who have
progressed following treatment with platinum-based chemotherapy: A single-arm, multicentre, phase 2 trial. Lancet 2016, 387,
1909–1920. [CrossRef]

7. Powles, T.; Durán, I.; Van Der Heijden, M.S.; Loriot, Y.; Vogelzang, N.J.; De Giorgi, U.; Oudard, S.; Retz, M.M.; Castellano, D.;
Bamias, A.; et al. Atezolizumab versus chemotherapy in patients with platinum-treated locally advanced or metastatic urothelial
carcinoma (IMvigor211): A multicentre, open-label, phase 3 randomised controlled trial. Lancet 2018, 391, 748–757. [CrossRef]

8. Bellmunt, J.; De Wit, R.; Vaughn, D.J.; Fradet, Y.; Lee, J.-L.; Fong, L.; Vogelzang, N.J.; Climent, M.A.; Petrylak, D.P.; Choueiri,
T.K.; et al. Pembrolizumab as Second-Line Therapy for Advanced Urothelial Carcinoma. N. Engl. J. Med. 2017, 376, 1015–1026.
[CrossRef] [PubMed]

9. Grivas, P.; Plimack, E.; Balar, A.; Castellano, D.; O’Donnell, P.; Bellmunt, J.; Powles, T.; Hahn, N.; De Wit, R.; Bajorin, D.;
et al. Pembrolizumab (pembro) as first-line therapy in cisplatin-ineligible advanced urothelial cancer (UC): Outcomes from
KEYNOTE-052 in senior patients (pts) with poor performance status. Ann. Oncol. 2017, 28, v301. [CrossRef]

10. Bellmunt, J.; Balar, A.; Galsky, M.; Loriot, Y.; Theodore, C.; Pulido, E.G.; Castellano, D.; Retz, M.; Niegisch, G.; Bracarda, S.; et al.
IMvigor210: Updated analyses of first-line (1L) atezolizumab (atezo) in cisplatin (cis)-ineligible locally advanced/metastatic
urothelial carcinoma (mUC). Ann. Oncol. 2016, 27 (Suppl. 6), vi266–vi295. [CrossRef]

11. Food and Drug Administration. FDA Limits the Use of Tecentriq and Keytruda for Some Urothelial Cancer Patients. Available
online: https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm612484.htm (accessed on 15 August 2022).

12. Feld, E.; Harton, J.; Meropol, N.J.; Adamson, B.J.; Cohen, A.; Parikh, R.B.; Galsky, M.D.; Narayan, V.; Christodouleas, J.; Vaughn,
D.J.; et al. Effectiveness of First-line Immune Checkpoint Blockade Versus Carboplatin-based Chemotherapy for Metastatic
Urothelial Cancer. Eur. Urol. 2019, 76, 524–532. [CrossRef]

13. Karim, S.; Xu, Y.; Kong, S.; Abdel-Rahman, O.; Quan, M.; Cheung, W. Generalisability of Common Oncology Clinical Trial
Eligibility Criteria in the Real World. Clin. Oncol. 2019, 31, e160–e166. [CrossRef] [PubMed]

14. Simeone, J.C.; Nordstrom, B.L.; Patel, K.; Mann, H.; Klein, A.B.; Horne, L. Treatment patterns and overall survival in metastatic
urothelial carcinoma in a real-world, US setting. Cancer Epidemiology 2019, 60, 121–127. [CrossRef] [PubMed]

15. Khaki, A.R.; Li, A.; Diamantopoulos, L.N.; Bilen, M.A.; Santos, V.; Esther, J.; Morales-Barrera, R.; Devitt, M.; Nelson, A.; Do,
C.J.H.; et al. Impact of performance status on treatment outcomes: A real-world study of advanced urothelial cancer treated with
immune checkpoint inhibitors. Cancer 2019, 126, 1208–1216. [CrossRef] [PubMed]

16. Necchi, A.; Fradet, Y.; Bellmunt, J.; De Wit, R.; Lee, J.-L.; Fong, L.; Vozelgang, N.; Climent, M.; Petrylak, D.; Choueiri, T.; et al.
Three-year follow-up from the phase III KEYNOTE-045 trial: Pembrolizumab (Pembro) versus investigator’s choice (paclitaxel,
docetaxel, or vinflunine) in recurrent, advanced urothelial cancer (UC). Ann. Oncol. 2019, 30, v366–v367. [CrossRef]

17. Fishman, M. Commentary: 2-year follow up of pembrolizumab as second-line therapy for advanced urothelial cancer (“KEYNOTE
045”). Transl. Androl. Urol. 2019, 8, 409–413. [CrossRef]

18. Lista, A.G.D.L.; van Dijk, N.; Rueda, G.D.V.O.D.; Necchi, A.; Lavaud, P.; Morales-Barrera, R.; Gordoa, T.A.; Maroto, P.; Ravaud,
A.; Durán, I.; et al. Clinical outcome after progressing to frontline and second-line Anti–PD-1/PD-L1 in advanced urothelial
cancer. Eur. Urol. 2020, 77, 269–276. [CrossRef]

19. Parikh, R.B.; Feld, E.; Galsky, M.D.; Adamson, B.J.; Cohen, A.B.; Baxi, S.S.; Ben Boursi, S.; Christodouleas, J.P.; Vaughn, D.J.;
Meropol, N.J.; et al. First-line immune checkpoint inhibitor use in cisplatin-eligible patients with advanced urothelial carcinoma:
A secular trend analysis. Futur. Oncol. 2019, 16, 4341–4345. [CrossRef]

20. Soria, F.; Beleni, A.I.; D’Andrea, D.; Resch, I.; Gust, K.M.; Gontero, P.; Shariat, S.F. Pseudoprogression and hyperprogression
during immune checkpoint inhibitor therapy for urothelial and kidney cancer. World J. Urol. 2018, 36, 1703–1709. [CrossRef]

21. Adashek, J.J.; Kato, S.; Ferrara, R.; Russo, G.L.; Kurzrock, R. Hyperprogression and Immune Checkpoint Inhibitors: Hype or
Progress? Oncologist 2020, 25, 94–98. [CrossRef]

http://doi.org/10.1200/JCO.2015.64.8931
http://www.ncbi.nlm.nih.gov/pubmed/27138582
http://meetinglibrary.asco.org/content/147894-156
http://doi.org/10.1016/S1470-2045(16)00175-3
http://doi.org/10.1016/S1470-2045(17)30007-4
http://doi.org/10.1016/S1470-2045(16)30066-3
http://doi.org/10.1016/S0140-6736(16)00561-4
http://doi.org/10.1016/S0140-6736(17)33297-X
http://doi.org/10.1056/NEJMoa1613683
http://www.ncbi.nlm.nih.gov/pubmed/28212060
http://doi.org/10.1093/annonc/mdx371.011
http://doi.org/10.1093/annonc/mdw373.10
https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm612484.htm
http://doi.org/10.1016/j.eururo.2019.07.032
http://doi.org/10.1016/j.clon.2019.05.003
http://www.ncbi.nlm.nih.gov/pubmed/31133363
http://doi.org/10.1016/j.canep.2019.03.013
http://www.ncbi.nlm.nih.gov/pubmed/30953972
http://doi.org/10.1002/cncr.32645
http://www.ncbi.nlm.nih.gov/pubmed/31829450
http://doi.org/10.1093/annonc/mdz249.018
http://doi.org/10.21037/tau.2019.09.19
http://doi.org/10.1016/j.eururo.2019.10.004
http://doi.org/10.2217/fon-2019-0578
http://doi.org/10.1007/s00345-018-2264-0
http://doi.org/10.1634/theoncologist.2019-0636


Pharmaceuticals 2022, 15, 1154 10 of 10

22. Kato, S.; Goodman, A.; Walavalkar, V.; Barkauskas, D.A.; Sharabi, A.; Kurzrock, R. Hyperprogressors after Immunotherapy:
Analysis of Genomic Alterations Associated with Accelerated Growth Rate. Clin. Cancer Res. 2017, 23, 4242–4250. [CrossRef]

23. Champiat, S.; Ferrara, R.; Massard, C.; Besse, B.; Marabelle, A.; Soria, J.-C.; Ferté, C. Hyperprogressive disease: Recognizing a
novel pattern to improve patient management. Nat. Rev. Clin. Oncol. 2018, 15, 748–762. [CrossRef] [PubMed]

24. Denis, M.; Duruisseaux, M.; Brevet, M.; Dumontet, C. How Can Immune Checkpoint Inhibitors Cause Hyperprogression in Solid
Tumors? Front. Immunol. 2020, 11, 492. [CrossRef] [PubMed]

25. Saxman, S.B.; Propert, K.J.; Einhorn, L.H.; Crawford, E.D.; Tannock, I.; Raghavan, D.; Loehrer, P.J.; Trump, D. Long-term follow-up
of a phase III intergroup study of cisplatin alone or in combination with methotrexate, vinblastine, and doxorubicin in patients
with metastatic urothelial carcinoma: A cooperative group study. J. Clin. Oncol. 1997, 15, 2564–2569. [CrossRef]

26. Sengeløv, L.; Kamby, C.; Geertsen, P.; Andersen, L.J.; von der Maase, H. Predictive factors of response to cisplatin-based
chemotherapy and the relation of response to survival in patients with metastatic urothelial cancer. Cancer Chemother. Pharmacol.
2000, 46, 357–364. [CrossRef] [PubMed]

27. Heng, D.Y.; Xie, W.; Regan, M.M.; Harshman, L.C.; A Bjarnason, G.; Vaishampayan, U.N.; Mackenzie, M.; Wood, L.; Donskov, F.;
Tan, M.-H.; et al. External validation and comparison with other models of the International Metastatic Renal-Cell Carcinoma
Database Consortium prognostic model: A population-based study. Lancet Oncol. 2013, 14, 141–148. [CrossRef]

28. Arend, R.; Van Arsdale, A.; Gojayev, A.; Roane, B.M.; Doo, D.; Leath, C.; Goldberg, G.L.; Huang, G. Neutrophilia and mortality in
women with uterine carcinosarcoma. Int. J. Gynecol. Cancer 2019, 29, 1258–1263. [CrossRef]

29. Schernberg, A.; Mezquita, L.; Boros, A.; Botticella, A.; Caramella, C.; Besse, B.; Escande, A.; Planchard, D.; Le Péchoux, C.; Deutsch,
E. Neutrophilia as prognostic biomarker in locally advanced stage III lung cancer. PLoS ONE 2018, 13, e0204490. [CrossRef]

30. Diefenhardt, M.; Hofheinz, R.-D.; Martin, D.; Beißbarth, T.; Arnold, D.; Hartmann, A.; von der Grün, J.; Grützmann, R.; Liersch,
T.; Ströbel, P.; et al. Leukocytosis and neutrophilia as independent prognostic immunological biomarkers for clinical outcome in
the CAO/ARO/AIO-04 randomized phase 3 rectal cancer trial. Int. J. Cancer 2019, 145, 2282–2291. [CrossRef]

31. Leibowitz-Amit, R.; Israel, A.; Gal, M.; Atenafu, E.; Symon, Z.; Portnoy, O.; Laufer, M.; Dotan, Z.; Ramon, J.; Avni, D.; et al.
Association between the Absolute Baseline Lymphocyte Count and Response to Neoadjuvant Platinum-based Chemotherapy in
Muscle-invasive Bladder Cancer. Clin. Oncol. 2016, 28, 790–796. [CrossRef]

32. Yip, S.M.; Kaiser, J.; Li, H.; North, S.; Heng, D.Y.; Alimohamed, N.S. Real-world Outcomes in Advanced Urothelial Cancer and
the Role of Neutrophil to Lymphocyte Ratio. Clin. Genitourin. Cancer 2018, 16, e637–e644. [CrossRef]

http://doi.org/10.1158/1078-0432.CCR-16-3133
http://doi.org/10.1038/s41571-018-0111-2
http://www.ncbi.nlm.nih.gov/pubmed/30361681
http://doi.org/10.3389/fimmu.2020.00492
http://www.ncbi.nlm.nih.gov/pubmed/32265935
http://doi.org/10.1200/JCO.1997.15.7.2564
http://doi.org/10.1007/s002800000176
http://www.ncbi.nlm.nih.gov/pubmed/11127939
http://doi.org/10.1016/S1470-2045(12)70559-4
http://doi.org/10.1136/ijgc-2019-000440
http://doi.org/10.1371/journal.pone.0204490
http://doi.org/10.1002/ijc.32274
http://doi.org/10.1016/j.clon.2016.07.007
http://doi.org/10.1016/j.clgc.2017.12.009

	Introduction 
	Results 
	Methods 
	Patients 
	Endpoints 
	Definitions of Response and Toxicity 
	Statistical Analysis 

	Discussion 
	Conclusions 
	References

