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ABSTRACT

Background. The modified Glasgow prognostic score (mGPS),
a clinical tool that incorporates albumin and C-reactive pro-
tein, has proven useful in the prognostication of multiple
cancers. Several immune checkpoint inhibitors (ICIs) have
been approved for the treatment of metastatic urothelial cell
carcinoma (mUC), but a prognostic biomarker is needed. We
investigated the impact of mGPS on survival outcomes in
patients with mUC receiving ICIs.
Materials and Methods. We retrospectively reviewed
patients with mUC treated with ICIs (programmed cell death
protein 1 or programmed cell death ligand 1 inhibitors) at
Winship Cancer Institute from 2015 to 2018. Overall survival
(OS) and progression-free survival (PFS) were measured from
the start date of ICI until death or clinical or radiographic
progression, respectively. mGPS was defined as a summary

score with one point given for C-reactive protein >10 mg/L
and/or albumin <3.5 g/dL. Univariate (UVA) and multivariate
(MVA) analyses were carried out using Cox proportional haz-
ard model. These outcomes were also assessed by Kaplan-
Meier analysis.
Results. A total of 53 patients were included with a median
follow-up 27.1 months. The median age was 70 years, with
84.9% male and 20.8% Black. Baseline mGPS was 0 in
43.4%, 1 in 28.3% and 2 in 28.3%. Increased mGPS at the
time of ICI initiation was associated with poorer OS and PFS
in UVA, MVA, and Kaplan-Meier analyses.
Conclusion. The mGPS may be a useful prognostic tool in
patients with mUC when treatment with ICI is under consid-
eration. These results warrant a larger study for validation.
The Oncologist 2021;26:397–405

Implications for Practice: The ideal prognostic tool for use in a busy clinical practice is easy-to-use, cost-effective, and
capable of accurately predicting clinical outcomes. There is currently no universally accepted risk score in metastatic
urothelial cell carcinoma (mUC), particularly in the immunotherapy era. The modified Glasgow prognostic score (mGPS)
incorporates albumin and C-reactive protein and may reflect underlying chronic inflammation, a known risk factor for
resistance to immune checkpoint inhibitors (ICIs). This study found that baseline mGPS is associated with survival out-
comes in patients with mUC treated with ICIs and may help clinicians to prognosticate for their patients beginning
immunotherapy.

INTRODUCTION

Bladder cancer is the ninth most common cancer worldwide
[1]. It is more common in well-developed countries, and in

2020, it is estimated that there will be 81,400 new cases
and 17,980 deaths resulting from bladder cancer in the
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U.S. alone [2]. Although the majority of cases are localized
at diagnosis, the 5% who present with distant metastases
have a disappointing 5-year survival rate of 5.5% [3].
Urothelial carcinoma (UC) accounts for approximately 90%
of bladder cancers.

Platinum-based combination chemotherapy has been
the cornerstone of treatment for patients with incurable
metastatic disease. However, duration of response tends to
be short, and many patients are ineligible to receive cis-
platin because of impaired renal function or poor perfor-
mance status. The advent of immune checkpoint inhibitors
(ICIs) altered the landscape of management of metastatic
disease given a relatively favorable toxicity profile and
potential for long-term, durable tumor responses [4].
Pembrolizumab and atezolizumab are currently approved in
the first line for those whose tumors express programmed
cell death ligand 1 (PD-L1) or in patients ineligible for
platinum-containing chemotherapy. Other approved agents
in the second line include nivolumab, avelumab, and
durvalumab [5]. Unfortunately, response rates to second-
line ICIs ranging from 13%–21% demonstrate that the
majority of patients will experience disease progression
despite immunotherapy [6, 7]. Thus, a risk stratification tool
capable of predicting clinical outcomes at baseline in
patients with UC treated with ICIs would be of significant
clinical utility.

Systemic inflammation alone and in combination with
other clinical factors has been shown to predict poorer
response to ICI across genitourinary cancers including UC
[8–14]. C-reactive protein (CRP) is an acute phase reactant
that increases in response to proinflammatory cytokines
such as interleukin (IL)-6 and IL-1β and has negative prog-
nostic value across multiple malignancies and stages [15,
16]. Serum albumin is negatively affected by both systemic
inflammation and malnutrition, and hypoalbuminemia is
known to portend poorer prognoses in cancer [17]. The
Glasgow prognostic score (GPS) was initially developed by
Forrest et al. for prognostication in patients with advanced
non-small cell lung cancer and incorporates both CRP and
albumin as a composite surrogate marker of systemic
inflammation [18]. The modified GPS (mGPS) assigns 1 point
for albumin <3.5 g/dL and 1 point for CRP ≥10 mg/L and
produces scores of low (0 point), intermediate (1 point),
and high risk (2 points). The difference between the mGPS
and the original score is that solitary hypoalbuminemia in
the absence of elevated CRP is not awarded a point; this
heavier weighting of the inflammatory component of the
score was found to better correlate with survival outcomes
across tumor types [19].

The GPS and mGPS has been found to be predictive of
survival outcomes in nonmuscle-invasive bladder cancer,
muscle-invasive disease after radical cystectomy, and early
stage upper tract UC [20–23]. However, the utility of the
mGPS has not been previously investigated in advanced,
nonoperable UC. In addition, because chronic inflammation
affecting the tumor microenvironment has been posited as
a factor in the development of resistance to ICI, the mGPS
may be a particularly useful prognostic biomarker in cases
of metastatic UC treated with immunotherapy [24]. We
hypothesized that mGPS at baseline in patients with

metastatic disease treated with immunotherapy was associ-
ated with survival outcomes.

MATERIALS AND METHODS

We performed a retrospective analysis of 53 patients. Inclu-
sion criteria were biopsy-proven UC with spread to at least
one metastatic site (including pelvic or retroperitoneal
lymph nodes), prior treatment with a checkpoint inhibitor
(either an anti–programmed cell death protein 1 [PD-1] or
anti–PD-L1 monoclonal antibody) in any line of treatment
at the Winship Cancer Institute of Emory University

Table 1. Patient characteristics

Characteristic n = 53, n (% or range)

Age (median) 70 (32–86)

Male gender 45 (84.9)

Race

White 41 (77.4)

Black 11 (20.8)

Asian 1 (1.8)

Ever smoker 28 (52.8)

ECOG performance score

0–1 47 (88.7)

2–3 6 (11.3)

Sites of metastases

Lymph node 39 (73.6)

Bone 14 (26.4)

Lung 17 (32.1)

Brain 1 (1.9)

Liver 11 (20.8)

No. of prior therapies

0–1 29 (54.7)

2 11 (20.8)

3–6 13 (24.5)

Prior gemcitabine/cisplatin 25 (47.2)

Prior BCG 13 (24.5)

Therapy type

Atezolizumab 39 (73.5)

Pembrolizumab 11 (20.8)

Nivolumab 3 (5.7)

BMI (median) 25.3 (15.8–49.5)

Baseline lab values

Albumin (median) 3.7 (2.3–4.4)

CRP (median) 14.6 (0.48–244.6)

Baseline mGPS

0 23 (43.4)

1 15 (28.3)

2 15 (28.3)

Abbreviations: BCG, Bacillus Calmette Guerin; BMI, body mass
index; CRP, C-reactive protein; ECOG, Eastern Cooperative Oncology
Group; mGPS, modified Glasgow prognostic score.
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between the years of 2015 and 2018 and baseline CRP
value available for analysis. Patients were identified through
a drug administration pharmacy database. Demographic
and clinical data including age, sex, race, smoking status,
Eastern Cooperative Oncology Group (ECOG) performance
score, body mass index (BMI), baseline laboratory data
within 2 weeks of immunotherapy initiation, and treatment
course and response were collected from the electronic
medical record. Pertinent laboratory values collected included
baseline albumin and CRP.

The primary outcome measures assessed were progression-
free survival (PFS), defined as the time in months from ICI
initiation to clinical or radiographic progression or death,
whichever occurred first, and the overall survival (OS),
defined as the time of months from initiation until death.
Radiographic progression was defined using RECIST version
1.1. Univariate (UVA) and multivariate (MVA) analyses were
carried out using Cox proportional hazard model for OS and
PFS with backward variable elimination procedure under a
removal criterion of p > .1. The strategy was to avoid

Figure 1. Kaplan-Meier estimates of (A) overall survival and (B) progression-free survival in patients with metastatic urothelial carci-
noma treated with immunotherapy stratified by baseline modified Glasgow prognostic score.
Abbreviation: mGPS, modified Glasgow prognostic score.
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overparameterizing the model given the small sample size.
The hazard ratio (HR) and its 95% confidence interval
(CI) will be reported. The overall significance level was set
at p < .05. The covariates to be adjusted include age, race,
sex, smoking status, baseline BMI, prior lines of therapy,
and number of metastatic sites. The relationship between
mGPS and survival outcomes (OS and PFS) was assessed
using Kaplan-Meier analysis. Statistical analysis was con-
ducted using SAS Version 9.4 and SAS macros developed by

the Biostatistics Shared Resource at Winship Cancer Insti-
tute [25].

RESULTS

Baseline Demographic and Disease Characteristics
We identified 53 patients who met the inclusion criteria
(Table 1). Within this cohort, 84.9% were male, the median

Table 2. Univariate analysis of explored covariates with survival outcomes

Variable

PFS OS

HR (CI) p value HR (CI) p value

Baseline mGPS

2 (n = 15) 3.54 (1.64–7.65) .001a 4.08 (1.75–9.54) .001a

1 (n = 15) 1.57 (0.71–3.47) .265 1.72 (0.73–4.06) .214

0 (n = 23) ref NA ref NA

Race

White or Asian (n = 42) 0.95 (0.44–2.07) .897 1.33 (0.55–3.22) .527

Black (n = 11) ref NA ref NA

Sex

Female (n = 8) 0.61 (0.24–1.57) .310 0.37 (0.11–1.22) .103

Male (n = 45) ref NA ref NA

Smoker

No (n = 25) 0.83 (0.44–1.56) .560 0.82 (0.41–1.63) .576

Yes (n = 28) ref NA ref NA

ECOG PS

2–3 (n = 6) 2.34 (0.91–6.03) .079 2.30 (0.80–6.60) .121

0–1 (n = 47) ref NA ref NA

Prior lines of therapy

0–1 (n = 29) 0.94 (0.44–1.99) .869 1.34 (0.56–3.20) .511

2 (n = 11) 0.70 (0.27–1.86) .476 1.24 (0.44–3.55) .683

3–6 (n = 13) ref NA ref NA

Number of metastatic sites

2–5 (n = 30) 2.14 (1.08–4.22) .029a 2.08 (1.01–4.29) .046a

0–1 (n = 23) ref NA ref NA

Sites of metastases

Lymph node (n = 39) 1.36 (0.64–2.88) .420 1.07 (0.50–2.31) .860

Bone (n = 14) 2.63 (1.31–5.26) .006a 2.81 (1.35–5.87) .006a

Liver (n = 11) 1.45 (0.66–3.16) .354 1.68 (0.73–3.88) .226

Lung (n = 17) 1.04 (0.53–2.03) .905 0.90 (0.43–1.90) .791

Sites of metastases

<25 (n = 21) 0.99 (0.52–1.88) .977 1.21 (0.60–2.41) .596

≥25 (n = 32) ref NA ref NA

Baseline CRP

>11.4 mg/L (n = 30) 1.94 (1.01–3.73) .047a 2.14 (1.05–4.39) .037a

≤11.4 mg/L (n = 23) ref NA ref NA

Baseline albumin

<3.8 g/dL (n = 28) 3.55 (1.80–7.01) <.001a 4.89 (2.25–10.59) <.001a

≥3.8 g/dL (n = 25) ref NA ref NA

Abbreviations: BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group Performance Status; mGPS, modified Glasgow prognostic
score; NA, not applicable; OS, overall survival; PFS, progression-free survival; ref, reference group.
aStatistical significance at α < 0.05.
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age was 70, and 77.4% were white. The large majority
(88.7%) of patients had an ECOG score of 0 or 1. Over half
of the patients (54.7%) were receiving immunotherapy in
the first or second-line setting and 47.2% had received prior
cisplatin and gemcitabine doublet chemotherapy. The ICI
administered was atezolizumab in 73.5%, pembrolizumab
in 20.8%, and nivolumab in 5.7%. At baseline, 43.4,
28.3 and 28.3% of the cohort had an mGPS of 0, 1, and
2, respectively.

Baseline mGPS and Survival Outcomes in Kaplan-
Meier Analysis
Median follow-up for the entire cohort was 27.1 months.
The median OS of the entire cohort was 11.4 months (CI,
6.6–21.9), with 45.9% of patients surviving at 12 months.
The median PFS was 4.3 months (CI, 3.2–7.0), with 27.9% of
patients without progression at 12 months.

The median survival of the cohort differed significantly
based on stratification by mGPS at treatment initiation as
assessed by Kaplan-Meier analysis (Fig. 1). The median OS
of the patients with mGPS of 0, 1, and 2 was 21.9 months
(CI, 11.4–not evaluable [NE]), 10.2 months (CI, 2.2–NE) and
4.6 months (CI, 1.0–10.1), respectively (p = .0025; Fig. 1A).
The median PFS of the patients with mGPS of 0, 1, and
2 was 8.3 months (CI, 3.8–NE), 4.2 (CI, 1.4–8.6), and 2.6 (CI,
0.4–4.6), respectively (p = .0029; Fig. 1B).

Baseline mGPS and Survival Outcomes in Univariate
and Multivariate Analyses
The association of multiple variables including mGPS with
survival outcomes including PFS and OS were assessed in
both univariate and multivariate analyses. In UVA (Table 2),
an mGPS at treatment start of 2 was significantly associated
with worse PFS (HR, 3.54; CI, 1.64–7.65; p = .001) and OS
(HR, 4.08; CI, 1.75–9.54, p = .001). An mGPS of 1 at baseline
was also associated with shorter PFS (HR, 1.57; CI, 0.71–3.47,

p = .265) and OS (HR, 1.72; CI, 0.73–4.06; p = .214), although
the association was not statistically significant.

In MVA (Table 3), baseline mGPS of 2 was again signifi-
cantly associated with worse PFS (HR 3.91; CI, 1.74–8.82;
p < .001) and OS (HR 6.37; CI, 2.46–16.48; p < .001). A score
of 1 was associated with shorter PFS (HR 2.00; CI, 0.88–
4.52; p = .098), although this association was not statisti-
cally significant; alternatively, its association with OS (HR
2.42; CI, 1.01–5.81; p = .048) was found to be significant.
Other factors in the MVA associated with worse survival
outcomes were ECOG performance (PS) score of 2 or 3
(PFS: HR 4.34; CI, 1.42–13.24; p = .010; OS: HR 5.60; CI,
1.50–20.94; p = .010) and the presence of bone metastases
(PFS: HR 2.31; CI, 1.11–4.80; p = .025; OS: HR 2.99; CI, 1.35–
6.62; p = .007). Female sex was associated with improved
survival outcomes (PFS: HR 0.41; CI, 0.15–1.10; p = .077;
OS: HR, 0.19; CI, 0.05–0.64; p = .008).

DISCUSSION

In the management of metastatic UC, treatment with ICIs
provides hope for long-term disease control with a gener-
ally well tolerated side effect profile. Unfortunately, the
majority of patients will not respond to ICIs, and with the
risk of grade 3 or 4 immune-related side effects as high as
10%–15%, a method of predicting response to immunother-
apy is clinically useful and currently lacking [26]. In our
study, we found the mGPS to be a cost-effective, accessible
tool capable of prognosticating in this cohort of patients
with metastatic UC treated with ICI in any line of therapy.

Multiple other scoring systems have been investigated
in the metastatic UC space. Perhaps the first model publi-
shed was by Geller et al. (1991), who found that baseline
normal alkaline phosphatase, normal hemoglobin, high
Karnofsky prognostic score (KPS), and age greater than
60 predicted longer survival in a population of patients with

Table 3. Multivariate analysis of explored covariates with survival outcomes

Variable

PFS OS

HR (CI) p value HR (CI) p value

Baseline mGPS

2 (n = 15) 3.91 (1.74–8.82) <.001a 6.37 (2.46–16.48) <.001a

1 (n = 15) 2.00 (0.80–84.52) .098 2.42 (1.01–5.81) .048a

0 (n = 23) ref NA ref NA

Sex

Female (n = 8) 0.41 (0.15–1.10) .077 0.19 (0.05–0.64) .008a

Male (n = 45) ref NA ref NA

ECOG PS

2–3 (n = 6) 4.23 (1.42–13.24) .010a 5.60 (1.50–20.94) .010a

0–1 (n = 47) ref NA ref NA

Bone metastases

Yes (n = 14) 2.31 (1.11–4.80) .025a 2.99 (1.35–6.62) .007a

No (n = 39) ref NA ref NA

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; mGPS, modified Glasgow prognostic score; NA, not applica-
ble; OS, overall survival; PFS, progression-free survival; ref, reference group.
Multivariate analysis controlled for age, sex, baseline BMI, prior lines of therapy, race, smoking status, and number of metastatic sites.
aStatistical significance at α < 0.10.
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advanced UC receiving chemotherapy [27]. Bajorin et al. in
1999 incorporated KPS less than 80% and visceral metasta-
ses as the two risk factors capable of independently
predicting outcomes in patients with metastatic UC on che-
motherapy; Lin et al. (2007) found the same in addition to
alkaline phosphatase [28, 29]. A nomogram devised by
Galsky et al. included visceral metastases, ECOG PS, leuko-
cyte count, site of primary tumor, and presence of lymph
node metastases and was internally and externally validated
as prognostic for patients with metastatic UC treated with
cisplatin-based chemotherapy [30]. Bellmunt et al. [31] pro-
spectively evaluated potential prognostic markers in
patients with platinum-refractory advanced UC and found
that when given a point for an ECOG PS more than 0, hemo-
globin less than 10 g/dL, and/or the presence liver metasta-
ses, patients with a score of 0, 1, 2, and 3 had a median
overall survival of 14.2, 7.3, 3.8, and 1.7 months (p < .001),
respectively, when validated in an external cohort [32].
Building on this work, Sonpavde et al. (2013) found that
time from prior chemotherapy (TFPC) as a fourth variable
enhanced the prognostic capabilities of the other three fac-
tors in this second-line setting [32]. These models are based
largely on disease extent and functional status and were
validated in cohorts treated with chemotherapy, as was the
standard of care at all lines of therapy at the time.

The role of inflammation in the development and progres-
sion of cancer is well reviewed and widely accepted [33–35].
Su et al. created a novel prognostic score for patients with
metastatic UC treated with chemotherapy based on labora-
tory values that increase in the setting of systemic inflamma-
tion: platelet count and neutrophil-lymphocyte ratio (NLR)
[36]. Owari et al. used multivariate modeling to create a score
capable of predicting cancer-specific survival in those with
bone metastases across multiple genitourinary malignancies
which incorporated type of cancer (prostate, renal cell or
urothelial carcinoma), ECOG performance status, the pres-
ence of visceral metastases, elevated GPS, and elevated NLR
[37]. Matsumoto et al. similarly combined ECOG PS >0, CRP
≥1 mg/dL, and poor response to prior chemotherapy as a
cumulative negative prognostic score in a cohort of patients
with metastatic UC receiving second-line chemotherapy [38].
Sonpavde et al. (2016) ultimately improved the concordance
statistic of their model incorporating ECOG PS, hemoglobin,
liver metastasis, and TFPC from 0.616 to 0.646 by adding low
albumin, a known marker of inflammation, as a fifth and final
factor in their prognostic classification of patients receiving
chemotherapy in the salvage setting [39]. While investigating
the factors most predictive of clinical outcomes in patients
with metastatic UC treated with ICI, our own group devel-
oped the Emory Risk Scoring System that associates increased
baseline platelet-lymphocyte ratio, low baseline albumin,
metastasis to the liver, and higher ECOG PS with decreased
survival [11]. Associating elevated levels of systemic inflam-
mation through a variety of biomarker proxies with prognosis
is a path often traveled, as evidenced above. In addition,
incorporating other patient-related factors such as ECOG sta-
tus as these models did is consistent with our finding of asso-
ciation between higher ECOG PS and worse survival
outcomes in MVA. However, the ideal prognostic tool for use
in a busy clinical practice, in addition to being accurate in

outcome prediction, is easily remembered, used without cal-
culation, cost-effective, and derived from blood biomarkers
measured routinely. The mGPS not only meets these require-
ments but may be particularly relevant in the context of
patients receiving immunotherapy.

ICIs block inhibitory signaling intended to dampen T-cell
receptor signaling by interacting with either cytotoxic
T-lymphocyte-associated protein 4 or the PD-1/PD-L1 circuit,
thus leading to a more robust antitumoral immune response.
There are multiple mechanisms by which tumors have or
develop resistance to ICI including low tumor immunogenicity,
patient-specific genetic variations leading to impaired antigen
presentation and activation of the adaptive immune response
and inhibitory aspects of the tumor microenvironment (TME)
[24, 40–43]. The TME represents the complex interplay
between cancer, immune, vascular, and stromal cells with the
surrounding extracellular matrix and the cytokine milieu in
the vicinity. The effect of ICI can be blunted by the presence
of immunosuppressive cells and cytokines in the TME. A
recent investigation into biomarkers predictive of response to
pembrolizumab across 20 different tumor types showed that
those with a high T-cell–inflamed gene expression profile, an
mRNA-based measure indicative of a T-cell–inflamed microen-
vironment with increased interferon gamma signaling and
cytotoxic tumor-infiltrating lymphocytes, were more likely to
respond to pembrolizumab [44, 45] Chronic, cancer-related
inflammation can lead to an increase in cytokines including
interleukin-6 (IL-6) and transforming growth factor beta (TGF-
β), both of which have been cited as mediators of T-cell
exhaustion [46]. In a cohort of patients with urothelial carci-
noma unresponsive to atezolizumab, increased TGF-β signal-
ing was noted and correlated with exclusion of CD8+ T cells
from the tumor parenchyma; rather, the cytotoxic cells were
confined to peritumoral stroma [47]. Alternatively, IL-1β and
IL-6 are two of the proinflammatory mediators known to
upregulate myeloid-derived suppressor cells (MDSCs), an
immunosuppressive cell in the TME known to inhibit the func-
tion of CD4+ and CD8+ T cells and promote tumor angiogene-
sis and metastasis [48]. MDSCs were found to be enriched in
the peripheral blood of patients with metastatic melanoma
that did not respond to ipilimumab [49]. Through these multi-
factorial mechanisms, chronic inflammation promotes tumori-
genesis broadly but also specifically in the setting of ICI by
leading to T-cell exhaustion and dysfunction.

The mGPS is a composite biomarker of inflammation
based on its two components, CRP and albumin. Inflamma-
tory stimuli from the TME may lead to increased production
of CRP by hepatocytes. In fact, cytokines IL-1β and IL-6,
which stimulate MDSCs, are also directly responsible for
upregulating the transcription of CRP within hepatocytes
[16, 50]. Both inflammation and malnutrition suppress albu-
min in patients with cancer via the catabolic action of IL-1β,
IL-6, and tumor necrosis factor alpha [17, 51]. When applied
to a cohort of patients with metastatic non-small cell lung
cancer treated with ICI, Freitas et al. found that a lower
mGPS was associated with improved PFS and OS, as we did
in metastatic UC [52]. The mGPS as a marker of systemic
inflammation is a logical prognostic score in this treatment
setting given that it reflects some of the mechanisms under-
lying resistance to ICI.
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Last, because there is only a 13%–21% response rate to
second-line immunotherapy, a predictive biomarker capable
of dichotomizing patients into responders and nonre-
sponders to ICI across multiple treatment settings is desper-
ately needed to assist oncologists with clinical decision
making regarding ordering of therapies. One such bio-
marker is PD-L1; however, there has been inconsistency in
its predictive value across trials, across assays with different
expression thresholds for defining positivity, and between
lines of therapy. For example, in the IMvigor210 phase II
study of atezolizumab in the second-line setting after pro-
gression on platinum-based chemotherapy, the objective
response rate (ORR) was 15% in all patients, 26% in those
with high expression, and as low as 8% in those with no PD-
L1 expression [53]. However, when it was studied in the
first-line setting in patients ineligible for chemotherapy, the
ORR was 24% across patients with expression greater than
5% but was still 24% in all comers and 21% in those with no
expression; the mOS was actually higher in patients nega-
tive for PD-L1 compared with those who were positive [54].
Tumor mutational burden has also been explored as a pre-
dictive biomarker for response to immunotherapy based on
the concept that a higher load of germline or somatic muta-
tions equates to more neoantigens that can stimulate
immunogenicity. Although TMB holds promise as a predic-
tor of durable responses, across studies of ICIs in mUC,
there were responders with low TMB and nonresponders
with high TMB, illustrating the need for better definition of
high versus low TMB as well as an exploration of the rele-
vance of the heterogeneity of neoantigens in addition to
quantity [55, 56]. Other potential predictive biomarkers
such as the Cancer Genome Atlas gene expression signa-
ture, T-cell receptor clonality, and the gut microbiome are
also under investigation and represent progress toward a
much needed and what will likely be a composite predictive
biomarker to guide treatment decisions and complement
prognostic biomarkers like mGPS [57].

Although our findings of mGPS as a prognostic marker
in patients with metastatic UC treated with ICIs were both
statistically and clinically relevant, there are also some limi-
tations to our investigation. We retrospectively examined a
small cohort of 53 patients, and although this was large
enough to demonstrate a significant signal, our findings
should be externally validated in a larger cohort and across
multiple malignancies treated with ICI. The retrospective
nature of our analysis increases the risk of selection bias,
although we included all cases of metastatic UC treated
with immunotherapy treated at our institution between the
inclusion dates. We also looked at patients treated with a
variety of ICI including pembrolizumab, atezolizumab, and
nivolumab at any line of therapy. Although the majority of
our patients received atezolizumab and were treated in the
first or second lines of therapy, the mixed cohort introduces
some variables to our analysis and a more homogeneous
population should be examined in future studies. It is also
worth acknowledging that in the simplicity of the mGPS
also lies limitation. The half-lives of CRP and albumin are
19 hours and roughly 21 days, respectively; although we
ensured that the baseline levels were collected within
2 weeks of ICI initiation, these measurements are subject to

variation, and we did not examine the cases for non-
malignant insults such as concomitant infection. Finally, the
landscape of metastatic UC is ever-changing in recent years.
Although not yet approved by the U.S. Food and Drug
Administration, ICIs are currently being studied in combina-
tion with nonimmunotherapy approaches such as enfortumab
vedotin, a first-in-class antibody-drug conjugate targeting
nectin-4 expressed on UC cells, with promising preliminary
results [58]. The prognostic value of mGPS will need to be
investigated and validated in cohorts with mUC treated with
these combination approaches.

CONCLUSION

We found that higher mGPS was significantly associated
with worse PFS and OS in patients with metastatic UC
treated with ICIs. In addition to our retrospective analysis,
there are logical reasons why mGPS as a composite bio-
marker of systemic inflammation might forecast response
to immunotherapy in particular given the role of inflamma-
tion in increasing resistance to ICI. The goal of the prognos-
tic score is not to preclude patients from receiving ICI but
rather to inform clinical decision making and patient discus-
sions about the expected impact of these agents. These
results are thought provoking as well as clinically relevant
and deserve validation in a larger, prospective investigation.
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For Further Reading:
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Implications for Practice:
Somatic mutations of DNA damage response (DDR) genes are frequently found in urothelial cancer and appear to play
an important role in tumorigenesis, progression, treatment response, and outcomes. In a set of DDR genes, ATM
alterations were associated with worse survival, while other alterations were associated with better survival in
advanced urothelial cancer. The results of this study suggest a complex role of ATM in tumor progression and call for
further studies to determine the underlying mechanisms and biomarker clinical utility.
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