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Background and Objective: The prognosis of advanced urothelial carcinoma (aUC) is poor. To
date, the gold standard of treatment for patients with aUC has been cisplatin-based chemotherapy. More
recently, immune checkpoint inhibitors (ICIs) have been widely used for such patients, which has led to
an improvement in their prognosis. In clinical practice, predicting the effectiveness of antitumor drugs or
the prognosis of patients is important for making decisions on treatment strategies. Various parameters
obtained from blood tests in the pre-ICI era have been adopted for patients in the ICI era. In this review, we
summarize the parameters reflecting the status of aUC patients treated with ICIs based on current evidence.
Methods: We conducted a literature search using PubMed and Google Scholar. The publications chosen
were all peer-reviewed journals published over an unlimited time period.

Key Content and Findings: Numerous inflammatory or nutritional parameters can be obtained from
routine blood tests. These reflect malnutrition or systemic inflammation in patients with cancer. As in the
pre-ICI era, these parameters are useful for predicting the effectiveness of ICIs and the prognosis of patients
treated with ICIs.

Conclusions: Various parameters are related to systemic inflammation and malnutrition, and are easily
obtained from a routine blood test. Using these parameters from various studies as reference points is useful

in making decisions on treatment for aUC.
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Introduction advanced and metastatic disease, mainly receive systemic

. . chemotherapy with palliative intervention. For the past
Bladder cancer is the tenth most common malignancy py p p

worldwide (1,2) and occurs in the renal pelvis, ureters, 30 years, the gold standard of first-line therapy has been

and urethra (2). The majority of bladder cancers are the cisplatin-based chemotherapy (2). Prior to the arrival of
urothelial carcinoma (UC) subtype. Patients with advanced immune checkpoint inhibitors (ICIs) in the US, the 5-year
UC (aUC), including those with unresectable, locally survival rate for all bladder cancer stages is 77% but that
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Table 1 Search strategy
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Iltems Specification

Date of search 2022.10.31

Databases and other sources searched

Search terms used

”

“immunotherapy”,
Time frame 1950.01-2022.10

Inclusion and exclusion criteria Inclusion criteria

PubMed, Google Scholar

Search terms included “nutrition”, “urothelial”, “bladder”, “prognosis”,
urology

”
’

» o«

chemotherapy”,
predictive biomarker”, or “prognostic biomarker”

“«

® Focus on urothelial carcinoma and biomarkers

* Article written in English

* Peer-reviewed articles including original article and review

Exclusion criteria
* None

Selection process
approved reference lists

First author and corresponding author and third author selected articles, and all co-authors

of patients with aUC is approximately 5% (2,3). Currently,
ICIs, such as atezolizumab, nivolumab, pembrolizumab,
avelumab, and durvalumab, have received US Food and
Drug administration approval for the treatment of urothelial
carcinoma (2). Consequently, the approval of various drugs
is expected to improve the prognosis of patients with aUC.
In addition, the choice of treatment is becoming more
important than ever before. Easy-to-measure and useful
parameters predicting the effectiveness of such drugs and
the prognosis of patients are in demand in clinical practice.
However, appropriate methods of predicting a prognosis
have not yet been established.

An association between inflammation and tumor
progression has been known for decades (4). There is
increasing evidence that pro-inflammatory cells in the
tumor microenvironment actively contribute to tumor
progression (4). Furthermore, the elevated levels of pro-
inflammatory cytokines that accompany tumorigenesis
often lead to cachexia, which is the process of involuntary
loss of muscle and adipose tissue. Markers of cachexia
including high blood cell counts and increased levels of
C-reactive protein (CRP) in the serum of patients. Given
the close association between systemic inflammation and
cachexia, there is intense basic and clinical research into the
optimal combination of blood-based markers that should
be used to monitor these pathologies in cancer patients.
Indeed, assessment of such markers in combination with
other clinical data such as body mass can be used to predict
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prognosis. In this review, we discuss various parameters for
patients with aUC who were treated with antitumor drugs.
In particular, we deal with parameters obtained from blood
tests that are related to inflammation and the assessment
of nutrition. We present this article in accordance with the
Narrative Review reporting checklist (available at https://
tau.amegroups.com/article/view/10.21037/tau-22-805/rc).

Methods

A comprehensive literature search was conducted using
PubMed and Google Scholar databases up to October 2022.
Search terms included “nutrition”, “urothelial”, “bladder”,

”» o«

“prognosis”,

W«

chemotherapy”, “immunotherapy”, “urology”,
“prognostic biomarker”, or “predictive biomarker”. A
summary of the search strategy is shown in 7able 1. We also
manually searched articles related to this topic. The studies
were reviewed by three authors (TN, TN, and YS) to assess

whether they were appropriate.

Results
Inflammatory parameters and nutritional parameters

Peripheral blood parameters for cancer treatment are
categorized as either predictive or prognostic. Predictive
parameters are factors that predict the efficacy or side effects
of a drug or other treatment. They are used for selecting
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cases for whom such drugs would be useful. In comparison,
prognostic parameters are used for determining prognosis,
with or without treatment. They are indicators that are
used to identify the likelihood of the future appearance,
recurrence, or development of clinical signs. In clinical
practice, the development of biomarkers combined with
body composition and blood tests has been attempted. Such
biomarkers reflect the balance of factors related to cancer
progression and suppression.

Cachexia and parameters

In general, cachexia is seen in half of patients with cancer
at diagnosis and is responsible for approximately 20%
of cancer deaths (5,6). The body weight loss observed in
patients with cancer is categorized into two types: cancer-
related and cancer-induced body weight loss. Cancer-
related body weight loss results from a disorder of
ingestion, digestion, and absorption. Cancer-induced body
weight loss is a result of metabolic disorders based on host—
tumor interactions, such as cytokines from inflammation
or protein degradation inducers released from cancer. This
weight loss appears irreversible and early screening of
patients is important for the early intervention of supportive
nutritional therapy.

Cancer cells induce systemic inflammation and this
leads to body weight loss via a loss of appetite and the
decomposition of skeletal muscle and fatty tissue (7,8).
Appetite loss is one of the characteristic complaints of
patients with cancer cachexia and is related to ghrelin, an
endogenous hormone secreted from the stomach. Ghrelin
has various effects: stimulation of appetite, inhibition of
muscle protein degradation, promotion of muscle protein
synthesis, inhibition of apoptosis, among others (9). Cancer
and the biological response to cancer causes an increase in
proteolysis-inducing factors and inflammatory cytokines,
such as interleukin (IL)-1, IL-6, and tumor necrosis factor
(TNF)-a. These mediators induce abnormal skeletal muscle
metabolism and muscle atrophy (8). Cancer cells also
promote the decomposition of fatty tissue. Tumor-derived
lipid mobilizing factor accelerates lipolysis, and IL-6 and
parathyroid hormone-related protein alter adipocytes
to form brown adipocytes (10). Brown adipocytes lead
to increasing thermogenesis and inefficient energy
consumption via the expression of uncoupling protein 1 (10).
Thus, systemic inflammation and malnutrition progress as
cancer progresses.
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Screening for inflammation and malnutrition in patients
is important for the decision-making process in cancer
treatment. Early diagnosis and intervention are necessary
since the treatment of cachexia in its advanced stages is
difficult. Multimodal treatments, such as drugs, nutrition,
exercise therapies, and psychosocial interventions, are
needed to treat cachexia (11,12). In addition to being
necessary for early diagnosis, assessing inflammation and
malnutrition using blood-based markers could be used to
evaluate a change in the condition of patients over time.
Patients with cancer are often older and may have difficulty
in continuing their treatment due to the severity of side
effects induced by some of the available therapeutic agents.
The treatment of cachexia should be tailored to a patient’s
condition and lifestyle to ensure continuity of care, which
is why screening for inflammation and malnutrition is
useful. We summarized the correlation of component
and prognostic biomarker in Figure 1, and listed the
characteristics of blood test-based parameters in Tuble 2.

Blood test items reflecting cancer progression and
suppression

Hemoglobin

Hemoglobin is produced in the bone marrow and
constitutes a major component of red blood cells. More
than 30% of patients with cancer have cancer-related
anemia at diagnosis (13). Such anemia is a result of
anticancer therapy, hemorrhage from cancer, bone marrow
infiltration, malnutrition, and chronic inflammation (14,15).
Inflammatory cytokines are associated with erythropoietin
production, erythroid progenitors, and reticuloendothelial
iron release (16). In a prospective study, cancer stage
correlated with the prevalence and severity of anemia (15).
A reduction in the hemoglobin level reflects chronic
inflammation and malnutrition in cancer patients.

Neutrophils

At an early stage of inflammation, neutrophils migrate
and try to eliminate foreign objects. Hence, infiltration of
neutrophils expresses the inflammation of tumor (17,18).
In addition, neutrophils play an important role in tumor
progression and metastasis by producing cytokines and
chemokines (19,20). Moreover, suppression of lymphocyte
function by activated neutrophils could be mediated by the
secretion of myeloperoxidase, further contributing to cancer
progression by dampening the immune response (21).
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High level indicates poor prognosis

Figure 1 Correlation of each components and serum prognostic biomarker. BMI, body mass index; AGR, albumin to globulin ratio; ALT,

alanine aminotransferase; AST, aspartate aminotransferase; CONUT, controlling nutritional status score; GNRI, geriatric nutritional risk

index; GPS, Glasgow prognostic score; HALP, hemoglobin, albumin, lymphocyte, and platelet; LMR, lymphocyte-to-monocyte ratio; MLR,

monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional

index; SII, systemic immune—inflammation index; SIRI, systemic inflammatory response index.

Monocytes

Monocytes are produced in the bone marrow and circulate
in blood vessels, bone marrow, and spleen. They play a role
in homeostasis, inflammation, and antimicrobial immune
defense (22). In tumor tissues, monocytes differentiate to
macrophages and induce inflammation (23). They promote
tumor proliferation, increased angiogenesis, and inhibit
antitumor immunity (23).

Lymphocytes

Lymphocytes, such as natural killer T cells and cytotoxic T
lymphocytes, contribute to cytotoxic immunity and reflect
anti-tumor immunity (24,25). They inhibit tumor cell
proliferation and metastasis (17,25). Therefore, the number
of lymphocytes indicates the state of cancer immunity.

Platelets

The differentiation of megakaryocytes to platelets is
activated by secretion of cytokines and chemokines by tumor
cells (26). Platelets promote tumor growth, angiogenesis,
and metastasis by interacting with tumor cells (27).
Moreover, thrombosis mediated by platelets is strongly
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associated with inflammation (28). In clinical practice,
paraneoplastic thrombocytosis reflects chronic inflammation
and its presence defines a specific subtype of malignancies
that originate from different tissues (29). Thus, an increased
platelet count reflects tumor progression.

CRP

CRP is an acute phase proteins (APP) produced by
hepatocytes during the inflammatory response. Its
production and secretion are stimulated by the cytokines
IL-6, TNE, and IL-1 (30,31). Although not a cancer-
specific marker, CRP levels correlate with those of IL-6 and
can therefore be used as an indicator of inflammation in
cancer patients. Two main hypotheses exist regarding CRP
elevation in patients with cancer. First, tumor cells may
increase the levels of CRP indirectly during the induction
of inflammation. Alternatively, tumor cells may themselves
secrete factors that lead to increased CRP levels. The
value of CRP alone as a prognostic biomarker for patients
with UC has been assessed in multiple clinical trials. For
aUC patients, it has been reported that elevated CRP was
associated with both worse PFS and OS (32). As CRP
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Table 2 Blood test-based parameters
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ltems Specimen Formula
NLR CBC Neutrophil/Lymphocyte
PLR CBC Platelet/Lymphocyte
MLR CBC Monocyte/Lymphocyte
Sl CBC Neutrophil x Platelet/Lymphocyte
SIRI CBC Neutrophil x Monocyte/Lymphocyte
HALP score CBC, SC Hemoglobin x Alb x Lymphocyte/Platelet
De Ritis ratio SC Aspartate aminotransferase/Alanine aminotransferase
GPS/mGPS SC GPS score
0: CRP =<1.0 mg/dL and Alb >3.5 g/dL
1: CRP >1.0 mg/dL or Alb <3.5 g/dL
2: CRP >1.0 mg/dL and Alb <3.5 g/dL
Modified GPS score
0: CRP <0.5 mg/dL and Alb >3.5 g/dL
1: CRP >0.5 mg/dL or Alb <3.5 g/dL
2: CRP >0.5 mg/dL and Alb <3.5 g/dL
GNRI SC, height, BW 14.89 x Alb (g/dL) + 41.7 x BW (kg) / ideal BW (kg)
PNI CBC, SC 10 x Alb (g/dL) + 0.005 x Lymphocyte
CONUT SC Alb score: 0 (3.5< Alb), 2 (3< Alb <3.5), 4 (2.5< Alb <3), 6 (Alb <2.5)
TLC score: 0 (1,800< TLC), 1 (1,200< TLC <1,800, 2 (800< TLC <1,200), 3 (TLC <800)
T-cho score: 0 (180< T-cho), 1 (140< T-cho <180), 2 (100< T-cho <140), 3 (T-cho <100)
CONUT is the sum of Alb score, TLC score, and T-cho score
0-1 normal, 2-4 mild, 5-8 moderate, 9-12 severe
AGR SC Alb / (total protein - Alb)

AGR, albumin to globulin ratio; Alb, albumin; BW, body weight; CBC, complete blood count; CRP, c-reactive protein; GNRI, geriatric
nutritional risk index; GPS, Glasgow prognostic score; HALP, hemoglobin, albumin, lymphocyte, and platelet; mGPS, modified GPS; MLR,
monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index;
SC, serum chemistries; Sll, systemic immune-inflammation index; SIRI, systemic inflammatory response index; TLC, total peripheral

lymphocyte count; T-cho, total cholesterol.

measurement is simple and inexpensive, it can serve as a
non-specific biomarker of response for initial treatment.

Albumin

Circulating serum albumin (Alb) is an indicator of general
health and nutritional status, and its levels are reduced
during malnutrition and inflammation (30,33), and
malnutrition itself slightly affects hypoalbuminemia (34).
Independently of malnutrition, inflammation leads to
increased capillary permeability, which decreases the half-
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life of albumin, thereby inducing hypoalbuminemia (35).

Globulin

The difference between the amount of serum albumin
relative to the total amount of serum protein is known as
the ‘gamma gap’ or ‘GG’. In dialysis patients and in patients
dying from pulmonary complications, the GG has been
used as an independent predictor of mortality (36,37).
The globulin family includes a-globulin, B-globulin, and
y-globulins; the latter class includes immunoglobulins such
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as IgG and IgM. The globulins play an important role in
immunity and chronic inflammation, and their levels reflect
a cumulative exposure of different cytokines.

The aspartate aminotransferase (AST)/alanine
aminotransferase (ALT) ratio

AST and ALT are critical regulators of cellular metabolism
and cancer cell turnover, and have potential utility as blood
biomarkers. De Ritis er al. were the first to show that the
AST/ALT ratio (De Ritis ratio) was a useful indicator of
etiology in patients with acute hepatitis (38). Since then,
multiple studies have shown that the AST/ALT ratio is a
prognostic indicator in cancer patients. Since an increased
ratio is associated with a higher rate of anerobic glycolysis,
which is a hallmark of UC, it could be used as a prognostic
indicator in this malignancy. Indeed, an elevated De Ritis
ratio was significantly associated with worse prognosis
and higher mortality in patients with UC who underwent
radical cystectomy (39-42).

Parameters obtained from peripheral blood tests and body
composition

Neutrophil-to-lymphocyte ratio

The ratio of neutrophil to lymphocyte counts (NLR) was
first reported as a prognostic marker in patients treated
in an intensive care unit (43). The NLR is a formula in
which the number of neutrophils (which reflects cancer
progression) is set as the numerator and the number of
lymphocytes (which reflects cancer suppression) is set as the
denominator. Thus, the NLR is a well-balanced marker that
reflects tumor progression.

In the setting of aUC patients treated with cisplatin-
based chemotherapy, an elevated NLR was associated with
poor overall survival (OS) (44-48), a poorer response to
chemotherapy and poor prognosis (44-46). A greater change
in the NLR was a marker of poor prognosis in patients with
aUC (49); it was also reported in advanced or metastatic
patients with upper urinary tract urothelial cancer
(UTUC) (50). Furthermore, NLR was described as a
prognostic marker before pembrolizumab was available.
After setting the cut-off of NLR as 2.9-4.0, a high NLR at
pretreatment was a predictive marker of OS in aUC patients
(51-54). A change in NLR between pre- and posttreatments
was also described as a marker of aUC (51,55,56). In
addition to a high NLR, the presence of metastatic lesions
was also shown to be a risk factor (52,57,58). Moreover, a
high NLR after the start of pembrolizumab treatment and
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changes in the NLR are also negatively associated with
OS (54,57-59). In a meta-analysis, the risk factors for aUC
despite pembrolizumab treatment were: poor performance
status, liver metastasis, a higher pretreatment NLR and/or
CRP (60). Similarly, when treating with atezolizumab, NLR
can be used as a predictive marker of OS (61). Furthermore,
a high NLR was associated with a poor OR for patients
with aUC treated with pembrolizumab (62).

Platelet-to-lymphocyte ratio (PLR)

The PLR is also another biomarker derived from the
peripheral blood. The PLR is a formula in which the
number of platelets (which reflects cancer progression) is
set as the numerator and the number of lymphocytes (which
reflects cancer suppression) is set as the denominator. As
with NLR, the PLR is a reasonable nutritional index that
combines inflammatory and immune indices. There are no
published data regarding a potential correlation between
the PLR and the prognosis of aUC patients treated with
cisplatin-based chemotherapy. A pretreatment PLR (cut-
off >173.73) was associated with worse OS in aUC patients
treated with pembrolizumab (54,62). A high PLR was
associated with a poor initial tumor response to treatment
with pembrolizumab (62).

Lymphocyte-to-monocyte ratio (LMR)/monocyte-to-
lymphocyte ratio (MLR)

The LMR is a formula in which the number of monocytes
(which reflects cancer progression) is set as the numerator
and the number of lymphocytes (which reflects cancer
suppression) is set as the denominator. The MLR, a
logarithm of LMR, is also used. Whether LMR or MLR
can be used as predictive or prognostic factors in aUC
patients treated with cisplatin-based chemotherapy remains
unclear. The high MLR before pembrolizumab in aUC
was associated with poor OS following pembrolizumab
treatment (54).

Systemic immune-inflammation index

A formula for the systemic immune-inflammation index
(SII) consists of the number of neutrophils multiplied by
the number of platelets (which reflects cancer progression)
and is set as the numerator, and the number of lymphocytes
(which reflects cancer suppression) that is set as the
denominator. In short, the SII is represented as NLR x
platelets or PLR x neutrophils. In a study of a Caucasian
population, a prolonged high SII at 6 weeks was a predictor
of poor progression-free survival (PFS) and poor OS of aUC
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patients treated with cisplatin-based chemotherapy (63).
As for aUC patients treated with ICIs, the combination
of SII with programmed death ligand 1 (PD-L1), with or
without lactate dehydrogenase may represent an easy-to-
assess, cheap, and readily available prognostic tool (64).
Moreover, the combination of SII with PD-L1, with or
without LDH, can be used as a predictor of PFS (64).

Systemic inflammatory response index (SIRI)

A formula for the SIRI consists of the number of
monocytes multiplied by the number of neutrophils (which
reflects cancer progression) and is set as the numerator,
and the number of lymphocytes (which reflects cancer
suppression) which is set as the denominator. In short,
the SIRI is represented by MLR x neutrophils or NLR x
monocytes. Whether SIRI can be used as a predictive or
prognostic factor in aUC patients treated with cisplatin-
based chemotherapy remains unclear. The SIRI before
pembrolizumab therapy in advanced UC correlated with
OS after pembrolizumab treatment (54). However, it is
unclear whether SIRI is a predictive factor for aUC patients
treated with ICIs.

Hemoglobin, albumin, lymphocyte, and platelet (HALP)
score

The HALP score is calculated according to the following
formula: hemoglobin (g/L) x Alb (g/L) x lymphocytes
(/L)/platelets (/L). There are no reports regarding the
association between a HALP score and aUC patients
treated with cisplatin-based chemotherapy. In a cohort of
patients treated with pembrolizumab, a HALP score <30.05
was associated with worse OS (62). Whether the HALP
score is predictive of outcome in aUC patients treated with
IClIs is unclear.

Glasgow prognostic score (GPS)/modified GPS

The GPS is a combined index of CRP and Alb levels (65). It
was reported as a prognostic predictive factor for non-small
cell lung cancer in 2003 (65). Patients with elevated CRP
(cut-off: 1.0 mg/dL) and hypoalbuminemia (cut-off; 3.5
mg/dL) are scored as GPS 2; patients with elevated CRP
or hypoalbuminemia are scored as GPS 1; and patients
without elevated CRP and hypoalbuminemia are scored as
GPS 0. A modified GPS (mGPS) with a different cut-off
for CRP level (0.5 mg/dL) has also been reported (66). In
a cohort of patients with advanced bladder cancer treated
with gemcitabine plus cisplatin, the GPS correlated with
poor OS (67). In a setting of cisplatin-based chemotherapy,
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a modified (m)GPS was predictive of OS (68). In cohorts of
patients treated with ICIs (atezolizumab, pembrolizumab,
and nivolumab), the mGPS was associated with a poor
prognosis (69). A higher mGPS, especially mGPS 2,
reflected a poor prognosis and poor PFES of aUC patients
treated with pembrolizumab as second-line therapy (68).

Nutritional risk index (NRI)/Geriatric nutritional risk
index (GNRI)

In the past, the NRI was used to assess malnutrition (70).
However, it was difficult to identify the usual body weight
of elderly people. To resolve this problem, the NRI was
modified by replacing usual body weight with ideal body
weight; this was named the GNRI (71). It is calculated from
three values: the Alb concentration, ideal body weight,
and actual body weight. Moreover, height was estimated
based on knee height because it was difficult to measure
the height of hospitalized patients such as those who are
bedridden (71). It is also beneficial to adopt the GNRI for
elderly patients. However, knee height is not often used. In
several reports, ideal body weight (defined based on height
and a BMI of 22, which is considered clinically healthy)
is also used to calculate GNRI (72,73). Few reports exist
regarding the GNRI as prognostic parameter for patients
with aUC. In the first-line setting of cisplatin-based
chemotherapy, low GNRI and visceral metastasis were
reported as predictive parameters (74). Similarly in patients
treated with pembrolizumab, a low GNRI (cut-off 92) was
predictive of a poor prognosis (75). The incidence of fatigue
as an adverse event was high in the low-GNRI group (76).
With the inclusion of pembrolizumab, gemcitabine, and
docetaxel therapy, a low GNRI (cut-off 92) was indicative of
a worse prognosis (76).

Prognostic nutritional index (PNI)

The first report of the PNI was as a predictor of
perioperative complications (77). It was calculated based on
measurements of Alb, triceps subcutaneous fat thickness,
serum transferrin, and delayed cutaneous hypersensitivity
reaction. It was modified to a simple form using Alb
and lymphocyte counts. The PNI is calculated using
the following formula: 0.005 x total lymphocyte count
+ 10 x Alb. For aUC patients treated with cisplatin- or
carboplatin-based chemotherapy, the PNI (cut-off 40)
was an independent risk factor for a poor prognosis (78).
Moreover, a low PNI was associated with visceral
metastases, leukocytosis, and anemia (78). In the setting of
pembrolizumab treatment of aUC patients, the PNI was
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shown to be an independent predictor of PFS (77). The
PNI (cut-off 40-45) was also described as a predictive factor
for OS (53,79).

Controlling Nutritional Status score

The Controlling Nutritional Status score (CONUT) is a
combined score calculated from total peripheral lymphocyte
count (TLC), total cholesterol concentration, and serum
albumin concentration (80). It has been reported as a
prognostic factor for esophageal cancer and colorectal
cancer (81). Alb score is calculated as 0 (3.5< Alb), 2 (3<
Alb <3.5), 4 (2.5< Alb <3), and 6 (Alb <2.5). The TLC
score is calculated as 0 (1,800< TLC), 1 (1,200< TLC
<1,800, 2 (800< TLC <1,200), and 3 (TLC <800). The total
cholesterol (T-cho) score is calculated as 0 (180< T-cho),
1 (140< T-cho <180), 2 (100< T-cho <140), and 3 (T-cho
<100) respectively. The CONUT score is the sum of Alb,
TLC, and T-cho scores, and is classified into 0-1 (normal),
2-4 (mild), 5-8 (moderate), and 9-12 (severe). A CONUT
score of 4 or greater is associated with poor OS in urothelial
carcinoma (82).

Albumin-globulin ratio

The albumin-to-globulin ratio (AGR) is the ratio of
serum Alb to non-albumin proteins. Malnutrition and
inflammatory cytokines can inhibit the production of Alb,
resulting in low serum Alb concentration, which could
stimulate cell proliferation and weaken immune defense
mechanisms. Globulin contains several immune-related
proteins, such as complement components, fibrinogen
and serum amyloid A, which are involved in regulating
immunity and inflammation. However, using Alb and/
or globulin alone produces unstable results, and its
measurement is susceptible to interference by external
confounders. AGR has a higher predictive value when
combined with measurements of globulin and serum
albumin compared to measurements of either of these
parameters in isolation (83). Although the exact cut-off
value for AGR has not been determined, aUC patients with

a low AGR and who were treated with pembrolizumab had
shorter PFS and OS than patients with a high AGR (84).

Conclusions

Various biomarkers are related to systemic inflammation
and malnutrition. They are useful in clinical practice
because they are easily obtained from routine blood tests.
However, the definitive cut-off for each biomarker is still
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unclear. Using biomarkers from various studies as reference
points is useful in deciding on treatment strategies for aUC.
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