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Abstract. Background/Aim: Systemic immune-inflammation
index (SII) predicts survival of patients with various
malignancies. This study explored the prognostic value of SII
in metastatic urothelial carcinoma (MUC) subjects. Patients
and Methods: We evaluated 181 consecutive MUC patients
treated with first-line platinum-based therapy. Karnofsky
performance status <80% and visceral metastasis were
present in 18.2% and 46 4% of patients, respectively. SII was
based on platelet x neutrophil/lymphocyte counts. Study
population was dichotomized by median into high and low
SII groups before the initiation of chemotherapy and at week
6. Progression-free survival (PFS) and overall survival (OS)
were estimated by the Kaplan—Meier method and compared
with the log-rank test. Results: At median follow-up of 9.6
months, 174 patients experienced disease progression and
173 died. Patients with low SII at baseline and at week 6 had
significantly better PFS (HR=0.58; p=0.0002 and HR=0.55;
p<0.0001) and OS (HR=0.54; p<0.0001 and HR=0.54;
p<0.0001) compared to patients with high SII. Independent
prognostic value of SII was confirmed in a multivariate
analysis. Conclusion: High SII before chemotherapy that
persists at week 6 negatively affects survival. SII at baseline
can be used in the stratification of patients within clinical
trials and in clinical practice.
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Bladder cancer is the tenth most common form of cancer
worldwide, with an estimated 549,000 new cases and 200,000
deaths in 2018 (1). Bladder cancer is more common in men
than in women, with respective incidence and mortality rates
of 9.6 and 3.2 per 100,000 in men, about 4 times those of
women worldwide. Thus, the disease ranks higher among
men, in whom it is the sixth most common cancer and the
ninth leading cause of cancer-related death (1).

About 15% of patients with bladder cancer present with
metastatic disease (2). Systemic platinum-based therapy has
been the standard first-line treatment for inoperable, locally
advanced, and metastatic urothelial carcinoma (MUC) for
many years (3-5). The median overall survival (OS)
following combined cisplatin-based chemotherapy is up to
15 months with objective response rates of 46%-49% (3, 4)
and up to 9 months with carboplatin-based chemotherapy
with objective response rates of less than 42% (5). Bajorin
et al. established performance status and visceral metastases
as independent factors for predicting survival in patients with
MUC (6). However, there are no biomarkers that can predict
which patients will not benefit from platinum-based
chemotherapy and could therefore become candidates for
different therapeutic approaches e.g., within clinical trials.
Inflammation plays a significant role in the process of
tumorigenesis (7-9). Cells of the immune system secreting
proinflammatory cytokines participate in cancer initiation, its
development and metastatic spread (7). Through direct
signaling to cancer cells, platelets induce an epithelial-
mesenchymal-like transition and promote metastasis (8).
Decrease and/or damage of lymphocytes promote these
malignancies (9). Neutrophils secrete molecules promoting
chronic inflammation as well as tumor angiogenesis and
growth (9). Moreover, neutrophils, lymphocytes, and
platelets affect survival of tumor cells in circulation (7).

5749



ANTICANCER RESEARCH 41: 5749-5759 (2021)

Based on this data, various prognostic biomarkers such as
platelet count (10) and neutrophil-to-lymphocyte ratio (11,
12) have been used to assess systemic inflammatory
response in urothelial carcinoma. Recently, the systemic
immune-inflammation index (SII) based on neutrophil,
lymphocyte and platelet count has been developed and
investigated as a prognostic indicator of poor outcome in
various cancers (13, 14).

The objective of this retrospective unicentric study was to
explore the prognostic value of the SII at baseline and its
changes at week 6 during first-line platinum-based chemo-
therapy in a Caucasian population with metastatic urothelial
carcinoma (MUC). We hypothesized that patients with high SII
would have worse survival and treatment outcomes.

Patients and Methods

Study population. All patients enrolled into this retrospective study
met the following inclusion criteria: Age =18 years, histologically
proven carcinoma of the urothelium (renal pelvis, ureter, and
bladder) with at least one measurable distant metastasis on
computed tomography (CT) scan, white blood count =3.5x109/1,
hemoglobin =10 g/dl, and platelets =100x10%1. Prior intravesical
therapy, immunotherapy, or radiation therapy was allowed if
completed at least 4 weeks before enrollment.

Exclusion criteria were as follows: Prior systemic chemotherapy,
an active infection at time of blood count evaluation, second
primary malignancy except basal cell skin carcinoma and/or in situ
cervical carcinoma in the last 5 years, HIV infection/AIDS, or any
immunodeficiency.

After obtaining the approval of the Ethical Committee at the
National Cancer Institute (NCI) in Bratislava (Slovakia), pathologic,
clinical, and radiologic data were entered by the physicians into
electronic data files and their accuracy was validated for each
patient by an independent investigator.

All patients were treated at the NCI in Bratislava (Slovakia)
between January 2000 and December 2015 when they were
managed in accordance with the guidelines for good clinical
practice applicable at the time of their treatment. The standard first-
line regimen comprised cisplatin (or carboplatin in cisplatin
ineligible patients) with gemcitabine. After progression on platinum-
based chemotherapy, there was no standard second-line option with
an established effect on survival.

The most common combination of cytotoxic agents, cisplatin (70
mg per m? on day 1) and gemcitabine (1,000 mg per m2 on days 1
and 8), with a new course on day 22 was administered to 133
patients (73.5%); carboplatin — area under the concentration-time
curve (AUC) 5 on day 1 and gemcitabine (1,000 mg per m2 on days
1 and 8), a new course on day 22 was administered to 28 patients
(15.5%). All patients were treated with up to 8 courses of
chemotherapy, depending on unacceptable toxicity, or disease
progression. No patients received supportive care with granulocyte
colony stimulating factor (G-CSF).

The response to treatment was evaluated by the Response
Evaluation Criteria in Solid Tumors (RECIST) criteria Version 1.1
(15) with clinical and blood examinations, including complete blood
counts in all patients at each course of chemotherapy. Radiologic
response was obtained by computed tomography (CT) scan of the
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Table 1. Patient characteristics.

n (%)

Study population 181 (100%)

Age

Median (range) 66 (18-84)
Male/Female 135/45 (74.6%/25.4%)
Primary tumor site

Bladder 148 (81.8%)

Upper GU tract
Histology type

Transitional cell carcinoma
Chemotherapy

Cisplatin + Gemcitabine

27 (14.9%)
181 (100.0%)

133 (73.5%)

Carboplatin + Gemcitabine 28 (15.5%)

Other platinum-based regimes 20 (11.0%)
Karnofsky performance status

<80% 33 (18.2%)
Visceral metastasis

Present 84 (46.4%)

Absent 97 (53.6%)
Response to treatment

Objective response* 79 (43.7%)

No response
Metastasis localization
Lymph nodes

102 (53.3%)

158 (87.3%)

Skeletal 45 (24.9%)
Lungs 60 (33.2%)
Liver 48 (26.5%)
Peritoneum 15 (8.3%)

n: Number of patients; *complete response or partial response.

chest, abdomen, and pelvis at baseline and was repeated every 12
weeks during treatment.

An objective tumor response was reported in 79 of 181 evaluable
patients (43.7%) including 24 complete responses (13.3%) and 55
partial responses (30.3%). Stable disease was recorded in 49 cases
(27.1%); in 53 subjects (29.3%) cancer progressed on chemotherapy.

SII calculation. Systemic immune inflammation index (SII) was
calculated taking into consideration the levels of platelets (P),
neutrophils (N) and lymphocytes (L) determined on day O or day 1
before the first course of chemotherapy (SII baseline) and on day 0
or day 1 of the third course of treatment (SII at week 6) as
suggested in the study of Lolli ez al. (13). SII was defined as PxN/L
(13). This study population was dichotomized by median into high
SII and low SII groups at baseline (median 1,326) and at week 6
(median 705).

Statistical analysis. Data were summarized by frequency for
categorical variables and by median and range for continuous
variables. Differences were considered statistically significant when
p<0.05. Progression-free survival (PFS) was calculated from the
date of first-line chemotherapy (day 1 of the first course) until
disease progression, last follow-up, or death for any reason. OS was
calculated from the start of first-line chemotherapy (day 1 of the
first course) until the last follow-up or death for any reason. The
Kaplan—Meier method was used to estimate both PFS and OS. The
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Table II. Association between baseline SII and patient/tumor characteristics.

N Mean Median SD SEM p-Value
SIT 181 2,072.0 1,326.2 2,363.2 175.7 NA
Distant lymph node metastasis
Absent 23 14524 914.0 1,190.4 491.6 0.15
Present 158 2,162.1 14219 2,477.8 187.6
Bone metastasis
Absent 136 2,064.7 1,156.1 2,551.9 203.2 0.06
Present 45 2,094.0 1,447.0 1,692.5 3533
Lung metastasis
Absent 121 2,132.1 1,326.2 2,487.5 2153 0.53
Present 60 1,950.7 1,319.2 2,104.8 305.7
Liver metastasis
Absent 133 1,969.3 1,178.0 2,341.8 204.9 0.19
Present 48 2,356.3 1,565.7 24234 341.1
Peritoneal metastasis
Absent 166 2,033.6 1,277.9 2,372.00 183.7 0.42
Present 15 2,496.0 1,849.3 2,298.2 611.0
Visceral metastasis
Absent 97 1,955.9 1,178.0 22924 240.3 0.62
Present 84 2,206.0 1,391.0 1,449.3 258.2
KPS < 80%
Absent 148 1,717.8 1,097 4 1,767.0 184.7 0.00012*
Present 33 3,660.3 2,522.9 3,726.6 391.1
Primary tumor site Bladder
No bladder tumor 33 1,885.9 1,042.6 1,703.3 412.2 0.68
Bladder tumor 148 2,113.4 1,361.7 24894 194.7
Upper GU tract
No upper GU tumor 154 2,121.2 14219 24498 190.7 0.30
Upper GU tumor 27 1,791.1 978.1 1,802.5 4555
Response to treatment
No response 102 2,526.5 1,574.8 2,754.5 228.9 0.00102*
Objective response** 79 1,485.1 9743 1,563.3 260.1

n: Number of patients; SD: standard deviation; SEM: standard error mean; NA: not applicable; KPS: Karnofsky performance status; *significant;
**complete response or partial response. Bold values indicate statistical significance (p<0.05).

differences between the groups were determined by log rank test.
Multivariate analysis was carried out by the Cox regression model
and included Karnofsky performance status (KPS), visceral
metastasis, and SII. Estimated hazard ratios (HR), their 95%
confidence intervals (95%CI), and p-values were calculated from
the Cox proportional hazard regression models. All statistical
analyses were performed using NCSS 20 Statistical Software,
Kaysville, UT, USA (16).

Results

Once patients were selected based on inclusion/exclusion
criteria, a total of 181 MUC patients with median age of 66
years (range=18-84 years), who underwent first-line
platinum-based chemotherapy, were enrolled in this study.
Most patients were males (v=135; 74.6%). Of all subjects,
148 (81.8%) had bladder urothelial cancer and 27 (14.9%)
upper genitourinary tract transition-cell carcinoma. At the
time of chemotherapy initiation, 33 patients (18.2%) had a

KPS less than 80% and visceral metastases were present in
84 (46.4%) of patients. The most common metastatic sites
were distant lymph nodes in 158 (87.3%) patients, followed
by lungs (n=60, 33.2%), liver (n=48, 26.5%), bones (n=45,
24.9%), and peritoneum (n=15, 8.3%). The demographic
characteristics at baseline are shown in Table I.

Association between SII and patient/tumor characteristics.
Median SIIs at baseline and week 6 were 1326 (range=83-
17,870) and 705 (range=5-12,988), respectively. The
association between baseline SII and patient/tumor
characteristics are shown in Table II. In subjects with KPS
<80% vs. KPS =80%, median SIIs significantly differed at
baseline (median 2,523 vs. 1,097, p=0.00012) but not at
week 6 (median 927 vs. 624, p=0.06895). A difference in
median SIIs in responders to treatment vs. non-responders
was significant at baseline (median 974 vs. 1574,
p=0.00102) and at week 6 (median 601 vs. 842, p=0.02752).
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Table II1. Subgroup analysis of prognostic value of baseline SII for progression-free survival.

n HR Lower 95%CI Higher 95%CI p-Value

N 181
Distant lymph node metastasis

Absent 23 0.44 0.15 1.25 0.0477*

Present 158 0.62 045 0.86 0.023*
Bone metastasis

Absent 136 0.55 0.38 0.80 0.0004*

Present 45 0.85 047 1.54 0.5843
Lung metastasis

Absent 121 0.57 0.39 0.83 0.0015*

Present 60 0.61 0.36 1.03 0.0499*
Liver metastasis

Absent 133 0.53 0.37 0.77 0.0002*

Present 48 0.92 0.51 1.65 0.7617
Peritoneal metastasis

Absent 166 0.59 043 0.81 0.0006*

Present 15 0.69 0.24 1.96 0.4637
Visceral metastasis

Absent 97 0.50 0.32 0.78 0.0006*

Present 84 0.71 0.46 1.11 0.1168
KPS < 80%

Absent 148 0.65 0.46 091 0.0079*

Present 33 0.58 0.28 1.19 0.1368
Primary tumor site Bladder

No bladder tumor 33 0.65 0.32 1.33 0.1864

Bladder tumor 148 0.56 0.40 0.79 0.0004*
Upper GU tract

No upper GU tumor 154 0.55 0.39 0.76 0.0001*

Upper GU tumor 27 0.67 0.29 1.54 0.281
Response to treatment

No response 102 0.67 0.45 0.99 0.0427*

Objective response** 79 0.62 0.37 1.03 0.0387*

n: Number of patients; HR: hazard ratio; CI: confidence interval; KPS: Karnofsky performance status; *significant; **complete response or partial

response. Bold values indicate statistical significance (p<0.05).

Prognostic value of SII at baseline. At median follow-up of
9.6 months (range=1.7-191.1 months), 174 patients (96.1%)
experienced disease progression and 173 (95.6%) died.
Median PFS for the entire cohort was 6.6 months
(95%CI=5.4-7.4 months) and median OS was 9.6 months
(95%CI1=8.6-11.7 months).

When this study population was dichotomized by median
baseline SII into high SII (>1326) and low (=<1,326), the
median PFS was 7.8 months (95%CI=6.9-8.8) in patients
with high SII and 4.8 months (95%CI=3.9-6.5 months) in
those with low SII (HR=0.58, 95%CI=0.42-0.79; p=0.0002).
Median OS was 7.6 months (95%CI=5.4-9.4 months) in
patients with high SII and 13.1 months (95%CI=11.1-21.3
months) in subjects with low SII at baseline (HR=0.54,
95%C1=0.39-0.74; p<0.0001).

High SII at baseline was associated with significantly
worse PFS in the subgroups of patients with and without
distant lymph node metastasis, without bone metastasis, with
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and without lung metastasis, without liver metastasis,
without peritoneal metastasis, without visceral metastasis,
with KPS =80%, with bladder as the primary tumor site,
without upper GU tract as the primary tumor site, with and
without response to systemic treatment. The subgroups
analyses for PFS are shown in Table III.

High SII at baseline was associated with significantly
worse OS in the subgroups of patients with and without
distant lymph node metastasis, without bone metastasis, with
and without lung metastasis, without liver metastasis,
without peritoneal metastasis, without visceral metastasis,
with KPS =80% and KPS >80%, with bladder as the primary
tumor site, with upper GU tract as the primary tumor site,
and without response to systemic treatment. The subgroups
analyses for OS are shown in Table IV.

A univariate analysis revealed that a significant predictor of
PFS was KPS (HR=0.42, 95%CI=0.24-0.71; p<0.0001) but
not visceral metastases (HR=0.76, 95%CI=0.56-1.03;
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Table IV. Subgroup analysis of prognostic value of baseline SII for overall survival.

n HR Lower 95%CI Higher 95%CI p-Value

NI 181
Distant lymph node metastasis

Absent 23 0.27 0.08 0.92 0.0008*

Present 158 0.59 042 0.82 0.0008*
Bone metastasis

Absent 136 0.48 0.33 0.71 <0.0001*

Present 45 0.83 0.46 1.51 0.544
Lung metastasis

Absent 121 0.57 0.39 0.83 0.0019*

Present 60 047 0.27 0.82 0.0026*
Liver metastasis

Absent 133 0.46 0.31 0.68 <0.0001*

Present 48 0.93 0.52 1.68 0.8135
Peritoneal metastasis

Absent 166 0.54 0.39 0.75 0.0001*

Present 15 0.54 0.19 1.55 0.1799
Visceral metastasis

Absent 97 0.48 0.30 0.75 0.0002*

Present 84 0.62 0.40 0.97 0.0287
KPS <80%

Absent 148 0.60 0.42 0.86 0.021*

Present 33 0.50 0.24 1.01 0.0424*
Primary tumor site Bladder

No bladder tumor 33 0.54 0.26 1.12 0.0538

Bladder tumor 148 0.51 0.36 0.73 <0.0001*
Upper GU tract

No upper GU tumor 154 0.51 0.36 0.71 <0.0001*

Upper GU tumor 27 0.52 0.21 1.26 0.0728
Response to treatment

No response 102 0.53 0.36 0.79 0.0011*

Objective response** 79 0.64 0.38 1.07 0.0607

n: Number of patients; HR: hazard ratio; CI: confidence interval; KPS: Karnofsky performance status; *significant; **complete response or partial

response. Bold values indicate statistical significance (p<0.05).

p=0.0678). KPS and visceral metastasis present at time of
treatment initiation were significant predictors of OS
(HR=0.34, 95%CI=0.19-0.61; p<0.0001 for KPS and
HR=0.73, 95%CI=0.54-0.99; p=0.0386 for visceral
metastases). In a multivariate analysis, Karnofsky performance
status, visceral metastasis presence, and SII at baseline
remained significant predictors of PFS and of OS (Table V).

Prognostic value of SII at week 6. Study population was
dichotomized again by median into high SII (>705) and low
SII (<705) groups at week 6. Median PFS was 4.8 months
(95%CI=3.9-6.2 months) in patients with high SII and 8.2
months (95%CI=6.9-12.1 months) in subjects with low SII,
(HR=0.55; 95%CI=0.41-0.76; p<0.0001). Median OS was
8.0 months (95%CI=6.1-9.2 months) in patients with high
SII and 17.3 months (95%CI=12.1-22.4 months) in those
with low SII (HR=0.54; 95%CI=0.39-0.74; p<0.0001).
Kaplan—Meier estimates of probabilities of PFS and OS

according to SII at week 6 are shown in Figure 1 and Figure
2, respectively.

Prognostic value of SII changes. When comparing four
subgroups according to SII baseline and SII at week 6
(Figure 3), the most significant difference was between
subgroups with low levels of inflammation determined by
SII in both timepoints (median PFS 9.2 months, 95%CI1=7.7-
13.0) and high levels of inflammation before chemotherapy
and at week 6 (median PFS 4.2 months, 95%CI=3.4-6.0).
Median PFS for a subgroup with high level of inflammation
before chemotherapy initiation and its low level at week 6
was 6.6 months (95%CI=4.4-9.9 months). Median PFS for a
subgroup with low level of inflammation before
chemotherapy initiation and its high level at week 6 was 6.1
months (95%CI=4.7-7.6 months).

Comparing four subgroups according to SII baseline and
SII at week 6 (Figure 4), the most significant difference was
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between subgroups with low levels of inflammation
determined by SII before chemotherapy and at week 6
(median OS 20.9 months, 95%CI=13.0-24.2 months) and high
levels of inflammation before chemotherapy and at week 6
(median OS 6.1 months, 95%CI=3.8-8.0). Median OS for a
subgroup with high level of inflammation before
chemotherapy initiation and its low level at week 6 was 9.6
months (3.5-14.5 months). Median OS for a subgroup with
low level of inflammation before chemotherapy initiation and
its high level at week 6 was 9.6 months (8.0-12.4 months).

Discussion

This study draws attention to the final analysis of the
association between systemic-immune inflammation index
(SII) and both survival prediction and response to treatment
with platinum-based regimens in a first-line setting in a
Caucasian population of patients with metastatic urothelial
carcinoma. High baseline SII levels were associated with poor
survival in terms of PFS and OS, as well as poor response to
treatment. Compared to baseline values, a level of systemic
inflammation determined by SII was generally lower at week
6, which was equivalent to the application of two courses of
chemotherapy. High SII at week 6 was associated with poor
survival in terms of PFS and OS. The improvement of SII
value at week 6 was associated with a better prognosis
possibly as an effect of chemotherapy on the counts of
peripheral blood cells secondary to a reduction of
inflammation processes. A clinically significant difference was
noted in PFS and OS between the subgroup of patients with a
low level of SII both at baseline and at week 6 compared to a
subgroup with a high level of SII at baseline and at week 6.
While SII showed prognostic value in anti-PD-L1-treated
patients with MUC after progression on first-line therapy (17),
to the best of our knowledge, this is the first trial to
demonstrate the significance of changes in SII during
platinum-based chemotherapy in a Caucasian population.

Inflammation both systemic and in the local tumor
microenvironment plays a critical role in tumorigenesis (18).
The number and distribution of immune cell types, including
neutrophils, macrophages, dendritic cells, natural killer (NK)
cells, T cells and B cells, and proinflammatory cytokines
produced by malignant and inflammatory cells in the tumor
microenvironment are involved in the initiation,
development, and metastatic spread (18). Therefore, changes
in the balance between immune cells and cytokines can
result in different responses of the immune system, as well
as in the amount and ratio of cells detectable in peripheral
blood.

Some types of cancers may accelerate the process of
myelopoiesis, resulting in leukocytosis, characterized by
increased numbers of immature myeloid cells in the bone
marrow and blood (19). In this setting, accelerated
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Table V. Multivariate (Cox regression) analyses of prognostic value of
baseline SII for progression-free survival (A) and overall survival (B).

A.

Variables RR  95%CILow  95%CI High  p-Value
SII

>1,326 vs. <1,326 1.63 1.19 2.23 0.0024

KPS

<80% vs. =80% 2.54 1.68 3.85 <0.00001
Visceral metastasis

Present vs. absent 1.40 1.03 191 0.0332

B.

Variables RR  95%CILow 95%CI High  p-Value
SII

>1,326 vs. <1,326 1.82 1.33 2.50 0.0002

KPS

<80% vs. =80% 3.35 2.20 5.11 <0.00001
Visceral metastasis

Present vs. absent 1.48 1.08 2.01 0.014

n: Number of patients; RR: risk ratio; CI: confidence interval; SII: systemic
immune-inflammation index; KPS: Karnofsky performance status.

myelopoiesis appears to result from the production of bone
marrow-stimulating growth factors by tumor cells, most
notably the cytokines granulocyte colony-stimulating factor
(G-CSF) and granulocyte/macrophage colony-stimulating
factor (GM-CSF) (18). Human-neutrophil proteins 1, 2, and
3 release cytokines, stimulate monocytes and inhibit the
fibrinolytic system and, together with proinflammatory
mediators, promote cell proliferation, survival, migration,
angiogenesis, and metastasis (7, 20). Increases in numbers
of neutrophils negatively impacts T-cell mediated adaptive
immunity (21). CD4+T cells play key roles in tumor
immunity through three different mechanisms (22). First, the
provision of help for anti-tumor CDS8+cytotoxic T
lymphocytes (CTLs) through direct (activated CD4+ T cells
secrete interleukin (IL)-2, which activates CD8+ CTLs) and
indirect (by supporting and maintaining pro-inflammatory
cross-presenting dendritic cells) mechanisms. Second, the
production of effector cytokines such as interferon y (IFNy)
and tumor necrosis factor-o. (TNFa), both of which have
direct anti-tumor activity. In addition, CD4+T cells can
mediate direct cytotoxicity against tumor cells. Finally, the
induction of humoral responses against tumor antigens drives
differentiation and maturation of B cells into affinity-
matured, class-switched plasma cells.

Among the causes of thrombocytosis is the capability of
some tumor cells to produce thrombopoietin and an increase
in platelets indicated by an up-regulation of platelet activation
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Figure 1. Kaplan—Meier estimates of probabilities of progression-free survival (PFS) according to SII (705 median) at week 6 in metastatic urothelial

carcinoma patients (n=179), HR=0.55, 95%CI=0.41-0.76, p<0.00001. Median PFS for SII high (red line) was 4.8 months (95%CI=3.9-6.2 months)
and median PFS for SII low (blue line) was 8.2 months (95%CI1=6.9-12.1 months). PFS: Progression-free survival; HR: hazard ratio; CI: confidence

interval; SII: systemic immune-inflammation index.
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Figure 2. Kaplan—Meier estimates of probabilities of overall survival (OS) according to SII (705 median) at week 6 in metastatic urothelial carcinoma
patients (n=179), HR=0.54, 95%CI=0.39-0.74, p<0.00001 . Median OS for SII high (red line) was 8.0 months (95%CI=6.1-9.2 months) and median
OS for SII low (blue line) was 17.3 months (95%CI=12.1-22 4 months). OS: Overall survival; HR: hazard ratio; CI: confidence interval; SII:

systemic immune-inflammation index.
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Figure 3. Kaplan—Meier estimates of probabilities of progression-free survival according to SII at baseline (1326 median) and at week 6 (705
median) in metastatic urothelial carcinoma patients (n=179), p<0.00001. Median PFS for SII low-low (red line) was 9.2 months (95%CI=7.7-13.0
months), median PFS for SII high-low (blue line) was 6.6 months (95%CI=4.4-9.9 months), median PFS for SII low-high (green line) was 6.1
months (95%CI1=4.7-7.6 months), and median PFS for SII high-high (violet line) was 4.2 months (95%CI=3.4-6.0 months). PFS: Progression-free
survival; HR: hazard ratio; CI: confidence interval; SII: systemic immune-inflammation index.
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Figure 4. Kaplan—Meier estimates of probabilities of overall survival according to SII at baseline and week 6 in metastatic urothelial carcinoma
patients (n=179), p<0.00001. Median OS for SII low-low (red line) was 20.9 months (95%CI=13.0-24.2 months), median OS for SII high-low (blue
line) was 9.6 months (95%CI=3.5-14.5 months), median OS for SII low-high (green line) was 9.6 months (95%CI=8.0-12 .4 months), and median
OS for SII high-high (violet line) was 6.2 months (95%=CI=3.8-8.0 months). OS: Overall survival; HR: hazard ratio; CI: confidence interval; SII:

systemic immune-inflammation index.
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markers such as P-selectin, B-thromboglobulin or CD40
ligand (23). Thrombocytes also have a pro-metastatic effect
by producing platelet-derived transforming growth factor 3
(TGF-B), which down-regulates NK group 2, member D
(NKG2D) and results in protection of tumor cells from NK
cells while promoting epithelial to mesenchymal transition by
activation of TGF-f/smad and NF-kb signaling pathways (7)
and promoting tumor cell extravasation (24). TGF-f is
partially responsible for the transformation of neutrophils
toward a pro-tumorigenic phenotype (25). Preoperative and
postoperative thrombocytosis has been associated with worse
outcomes in subjects with both bladder carcinoma and upper
tract urothelial carcinoma (10, 26).

Several models (6, 11, 27-29) have been established in
the effort to identify in advance a subpopulation of patients
with inoperable locally-advanced and/or metastatic
urothelial carcinoma, that has worse outcomes. Probably
the most often used prognostic score derives from the
Bajorin model (6), which is based on performance status
and visceral metastasis sites of the disease. The Galsky
model (27) considers the number of visceral metastases,
the site of the primary tumor, performance status by
Eastern Cooperative Oncology Group (ECOG), the
presence or absence of lymph node metastases, and
leukocyte count. The Glasgow prognostic score (28)
incorporates an inflammation factor (C-reactive protein).
Later, the neutrophil to lymphocyte ratio was confirmed as
a prognostic index in the different stages of urothelial
carcinoma including in the metastatic setting (11). In 2017,
Su et al. (29) published a paper on the novel inflammation-
based prognostic score incorporating absolute neutrophil
count and the absolute lymphocyte count to predict
survival of patients with metastatic urothelial carcinoma in
Taiwan. A systemic immune-inflammation index (SII)
combining neutrophil to lymphocyte ratio with platelet
counts (13, 14) seems to be more objective in reflecting
the balance between host inflammatory and immune
response status than the previously mentioned neutrophil
to lymphocyte ratio.

As was shown in this study, SII determined the prognosis of
patients with metastatic urothelial carcinoma and their response
to treatment. SII at baseline and its changes over time could be
used for improved patient stratification. Early identification of
subjects not responding to first-line platinum-based
chemotherapy can spare them unnecessary toxicity while
providing justification for the use of different therapeutic
approaches within clinical trials and in clinical practice.

Among the limitations of this study are its non-
randomized single-center retrospective design, the relatively
low number of enrolled patients, and the lack of detailed
analysis of chemotherapy toxicity. On the other hand, this
study reflects a real-world population of patients with
metastatic urothelial carcinoma and its treatment over the

first 15 years of this millennium. However, validation with
a larger prospective data set is necessary.

In previous studies, inoperable advanced urothelial
carcinoma patients have been selected for treatment based on
various criteria. In the JAVELIN study (30), subjects were
randomized to avelumab maintenance or best supportive care
considering their response to 4-6 courses of platinum-based
chemotherapy with significantly better results in favor of
immunotherapy. In the mono-immunotherapy arms of the
phase 3 trial IMvigor130 (31) with atezolizumab and the
phase 3 study KEYNOTE-361 (32) with pembrolizumab, only
patients with programmed cell death ligand 1 (PD-L1) positive
tumors were enrolled. However, none of the studies referred
above has included data on SII at baseline and during
treatment and, therefore, no conclusions can be drawn as to
whether SII can act as a predictor for outcomes for these
newer therapies in terms of survival and response to treatment.

One of the earliest immunotherapies for muscle-non-
invasive urothelial bladder cancer is Bacille Calmette Guerin
(BCG). Despite being used since 1970s, the exact
mechanism of action has not been clarified for a long time.
In 2019, Joseph and Enting published a review (33) about
immunological cascade in BCG treatment with the key role
of neutrophils, macrophages, and dendritic cells. Newer
immunotherapies based on check-point inhibition have
proved to offer some success in urothelial carcinoma over
the last decade with response rates ranging from 10% to
50%. This limited efficacy may be explained by adaptations
of the tumor and by their sole targeting of the CD8+ T
lymphocytes that represent only the culmination of the
activation of successive immune populations (33). Among
the probable future directions in the urothelial carcinoma
landscape are combinations of effective strategies, such as
check-point inhibitors and BCG with some hypothetic
treatment  suppressing  immunosuppressive  tumor
microenvironment and/or increasing the actions of innate
immune cell subpopulations. New findings in urothelial
carcinoma pathogenesis and novel therapeutics could also
result from an increasing interest in urine microbiome
research (34).

Conclusion

The systemic immune-inflammation index is an independent
survival factor for Caucasian patients with metastatic
urothelial carcinoma receiving first-line platinum-based
chemotherapy. A high systemic immune-inflammation load
before commencement of chemotherapy that persists at week
6 negatively affects PFS and OS, and correlates with
response to treatment. Therefore, measuring and recording
the systemic immune-inflammation index could be a useful
tool for patient stratification as a routine part of clinical
practice, as well as within clinical trials.

5757



ANTICANCER RESEARCH 41: 5749-5759 (2021)

Conflicts of Interest

The Authors have no competing interests or other interests that
might be perceived to influence the results and/or discussion
reported in this paper.

Authors’ Contributions

PP and MM designed the study; PP drafted the manuscript. PP, JS,
and JO collected data. PP and JS performed the statistical analysis.
JM, MC, KR, and ZS contributed to clinical data collection. BK
controlled the accuracy of data.

Acknowledgements

This study was supported by OncoReSearch, Slovakia. The first results
of this retrospective study conducted at the National Cancer Institute
of Slovakia were published in the form of an abstract at 2017
American Society of Clinical Oncology (ASCO) Annual Meeting. The
Authors’ gratitude also goes to Michael K. Hill who helped to improve
the language and style of the final version of this manuscript.

References

1 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA and
Jemal A: Global cancer statistics 2018: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin 68(6): 394-424, 2018. PMID:
30207593. DOI: 10.3322/caac.21492

2 Kamat AM, Hegarty PK, Gee JR, Clark PE, Svatek RS, Hegarty
N, Shariat SF, Xylinas E, Schmitz-Driger BJ, Lotan Y, Jenkins
LC, Droller M, van Rhijn BW, Karakiewicz PI and International
Consultation on Urologic Disease-European Association of
Urology Consultation on Bladder Cancer 2012: ICUD-EAU
International Consultation on Bladder Cancer 2012: Screening,
diagnosis, and molecular markers. Eur Urol 63(1): 4-15, 2013.
PMID: 23083902. DOI: 10.1016/j.eururo.2012.09.057

3 von der Maase H, Hansen SW, Roberts JT, Dogliotti L, Oliver
T, Moore MIJ, Bodrogi I, Albers P, Knuth A, Lippert CM,
Kerbrat P, Sanchez Rovira P, Wersall P, Cleall SP,
Roychowdhury DF, Tomlin I, Visseren-Grul CM and Conte PF:
Gemcitabine and cisplatin versus methotrexate, vinblastine,
doxorubicin, and cisplatin in advanced or metastatic bladder
cancer: results of a large, randomized, multinational, multicenter,
phase III study. J Clin Oncol 18(17): 3068-3077, 2000. PMID:
11001674. DOI: 10.1200/JC0O.2000.18.17.3068

4 von der Maase H, Sengelov L, Roberts JT, Ricci S, Dogliotti L,
Oliver T, Moore MJ, Zimmermann A and Arning M: Long-term
survival results of a randomized trial comparing gemcitabine plus
cisplatin, with methotrexate, vinblastine, doxorubicin, plus cisplatin
in patients with bladder cancer. J Clin Oncol 23(21): 4602-4608,
2005. PMID: 16034041. DOI: 10.1200/JC0O.2005.07.757

5 De Santis M, Bellmunt J, Mead G, Kerst JM, Leahy M, Maroto P,
Gil T, Marreaud S, Daugaard G, Skoneczna I, Collette S, Lorent J,
de Wit R and Sylvester R: Randomized phase II/III trial assessing
gemcitabine/carboplatin and methotrexate/carboplatin/vinblastine in
patients with advanced urothelial cancer who are unfit for cisplatin-
based chemotherapy: EORTC study 30986. J Clin Oncol 30(2):
191-199, 2012. PMID: 22162575. DOI: 10.1200/JC0O.2011.37.3571

5758

6 Bajorin DF, Dodd PM, Mazumdar M, Fazzari M, McCaffrey JA,
Scher HI, Herr H, Higgins G and Boyle MG: Long-term survival
in metastatic transitional-cell carcinoma and prognostic factors
predicting outcome of therapy. J Clin Oncol 17(10): 3173-3181,
1999. PMID: 10506615. DOI: 10.1200/JC0O.1999.17.10.3173

7 Mantovani A, Allavena P, Sica A and Balkwill F: Cancer-related
inflammation. Nature 454(7203): 436-444, 2008. PMID:
18650914. DOI: 10.1038/nature07205

8 Labelle M, Begum S and Hynes RO: Direct signaling between
platelets and cancer cells induces an epithelial-mesenchymal-like
transition and promotes metastasis. Cancer Cell 20(5): 576-590,
2011. PMID: 22094253. DOI: 10.1016/j.ccr.2011.09.009

9 Cools-Lartigue J, Spicer J, McDonald B, Gowing S, Chow S,
Giannias B, Bourdeau F, Kubes P and Ferri L: Neutrophil
extracellular traps sequester circulating tumor cells and promote
metastasis. J Clin Invest 123(8): 3446-3458, 2013. PMID:
23863628. DOI: 10.1172/JC167484

10 Gakis G, Fritsche HM, Hassan F, Kluth L, Miller F, Soave A,
Otto W, Schwentner C, Todenhofer T, Dahlem R, Burger M,
Fisch M, Stenzl A, Aziz A and Rink M: Prognostic relevance of
postoperative platelet count in upper tract urothelial carcinoma
after radical nephroureterectomy. Eur J Cancer 50(15): 2583-
2591,2014. PMID: 25088206. DOI: 10.1016/j.ejca.2014.07.003

11 Taguchi S, Nakagawa T, Matsumoto A, Nagase Y, Kawai T,
Tanaka Y, Yoshida K, Yamamoto S, Enomoto Y, Nose Y, Sato T,
Ishikawa A, Uemura Y, Fujimura T, Fukuhara H, Kume H and
Homma Y: Pretreatment neutrophil-to-lymphocyte ratio as an
independent predictor of survival in patients with metastatic
urothelial carcinoma: A multi-institutional study. Int J Urol
22(7): 638-643,2015. PMID: 25903328. DOIL: 10.1111/iju.12766

12 Wu S, Zhao X, Wang Y, Zhong Z, Zhang L, Cao J, Ai K and Xu
R: Pretreatment neutrophil-lymphocyte ratio as a predictor in
bladder cancer and metastatic or unresectable urothelial
carcinoma patients: a pooled analysis of comparative studies.
Cell Physiol Biochem 46(4): 1352-1364, 2018. PMID:
29689562. DOI: 10.1159/000489152

13 Lolli C, Basso U, Derosa L, Scarpi E, Sava T, Santoni M, Crabb
SJ, Massari F, Aieta M, Conteduca V, Maruzzo M, La Russa F,
Wheater M, Berardi R, Galli L and De Giorgi U: Systemic
immune-inflammation index predicts the clinical outcome in
patients with metastatic renal cell cancer treated with sunitinib.
Oncotarget 7(34): 54564-54571, 2016. PMID: 27409344. DOI:
10.18632/oncotarget.10515

14 Lolli C, Caffo O, Scarpi E, Aieta M, Conteduca V, Maines F,
Bianchi E, Massari F, Veccia A, Chiuri VE, Facchini G and De
Giorgi U: Systemic immune-inflammation index predicts the
clinical outcome in patients with mCRPC treated with
abiraterone. Front Pharmacol 7: 376, 2016. PMID: 27790145.
DOI: 10.3389/fphar.2016.00376

15 Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D,
Ford R, Dancey J, Arbuck S, Gwyther S, Mooney M, Rubinstein
L, Shankar L, Dodd L, Kaplan R, Lacombe D and Verweij J: New
response evaluation criteria in solid tumours: revised RECIST
guideline (version 1.1). Eur J Cancer 45(2): 228-247, 2009.
PMID: 19097774. DOI: 10.1016/j.ejca.2008.10.026

16 NCSS Statistical Software. 2020, NCSS, LLC, Kaysville, UT,
USA. Available at: https://www.ncss.com [Last accessed on
October 11, 2021]

17 Mego M, Huddart RA, Voortman J, Ong M, Gedye C, Gurney H,
Fay AP, Bamias A, Mellado Gonzalez B, Loriot Y, Merseburger



Palacka et al: Survival Prediction by Systemic Immune-inflammation Index in Patients With Metastatic Urothelial Carcinoma

AS, Castellano Gauna D, de Ducla S, Pavlova J, Fear S and
Sternberg CN: Prognostic effect of systemic immune-inflammation
index (SII) in 987 patients with advanced/metastatic urinary tract
carcinoma (mUTC) treated with atezolizumab in the real-world
global SAUL study. Ann Oncol 3/7: S591, 2020. DOI:
10.1016/j.annonc.2020.08.838

18 Diakos CI, Charles KA, McMillan DC and Clarke SJ: Cancer-
related inflammation and treatment effectiveness. Lancet Oncol
15(11): e493-e503, 2014. PMID: 25281468. DOI: 10.1016/S1470-
2045(14)70263-3

19 Rapoport BL, Steel HC, Theron AJ, Smit T and Anderson R:
Role of the neutrophil in the pathogenesis of advanced cancer
and impaired responsiveness to therapy. Molecules 25(7): 1618,
2020. PMID: 32244751. DOI: 10.3390/molecules25071618

20 Grivennikov SI, Greten FR and Karin M: Immunity,
inflammation, and cancer. Cell /40(6): 883-899, 2010. PMID:
20303878. DOI: 10.1016/j.cell.2010.01.025

21 Miiller I, Munder M, Kropf P and Hinsch GM: Polymorphonuclear
neutrophils and T lymphocytes: strange bedfellows or brothers in
arms? Trends Immunol 30(11): 522-530, 2009. PMID: 19775938.
DOI: 10.1016/].it.2009.07.007

22 Tay RE, Richardson EK and Toh HC: Revisiting the role of
CD4+ T cells in cancer immunotherapy-new insights into old
paradigms. Cancer Gene Ther 28(7-2): 5-17, 2021. PMID:
32457487. DOI: 10.1038/s41417-020-0183-x

23 Mammadova-Bach E, Mangin P, Lanza F and Gachet C:
Platelets in cancer. From basic research to therapeutic
implications. Hamostaseologie 35(4): 325-336, 2015. PMID:
26289826. DOI: 10.5482/hamo-14-11-0065

24 Schumacher D, Strilic B, Sivaraj KK, Wettschureck N and
Offermanns S: Platelet-derived nucleotides promote tumor-cell
transendothelial migration and metastasis via P2Y2 receptor.
Cancer Cell 24(1): 130-137, 2013. PMID: 23810565. DOI:
10.1016/j.ccr.2013.05.008

25 Olsson AK and Cedervall J: The pro-inflammatory role of
platelets in cancer. Platelets 29(6): 569-573, 2018. PMID:
29584534. DOI: 10.1080/09537104.2018.1453059

26 Moschini M, Suardi N, Pellucchi F, Rocchini L, La Croce G,
Capitanio U, Briganti A, Damiano R, Montorsi F and Colombo
R: Impact of preoperative thrombocytosis on pathological
outcomes and survival in patients treated with radical
cystectomy for bladder carcinoma. Anticancer Res 34(6): 3225-
3230, 2014. PMID: 24922698.

27 Galsky MD, Moshier E, Krege S, Lin CC, Hahn N, Ecke T,
Sonpavde G, Godbold J, Oh WK and Bamias A: Nomogram for
predicting survival in patients with unresectable and/or
metastatic urothelial cancer who are treated with cisplatin-based
chemotherapy. Cancer 1/9(16): 3012-3019, 2013. PMID:
23720216. DOI: 10.1002/cncr.28146

28 Proctor MJ, Talwar D, Balmar SM, O’Reilly DS, Foulis AK,
Horgan PG, Morrison DS and McMillan DC: The relationship
between the presence and site of cancer, an inflammation-based
prognostic score and biochemical parameters. Initial results of
the Glasgow Inflammation Outcome Study. Br J Cancer /03(6):
870-876, 2010. PMID: 20717110. DOI: 10.1038/sj.bjc.6605855

29 Su YL, Hsieh MC, Chiang PH, Sung MT, Lan J, Luo HL, Huang
CC, Huang CH, Tang Y and Rau KM: Novel inflammation-
based prognostic score for predicting survival in patients with
metastatic urothelial carcinoma. PLoS One /2(1): ¢0169657,
2017. PMID: 28076369. DOI: 10.1371/journal.pone.0169657

30 Powles T, Park SH, Voog E, Caserta C, Valderrama BP, Gurney

H, Kalofonos H, Radulovi¢ S, Demey W, Ullén A, Loriot Y,

Sridhar SS, Tsuchiya N, Kopyltsov E, Sternberg CN, Bellmunt

J, Aragon-Ching JB, Petrylak DP, Laliberte R, Wang J, Huang

B, Davis C, Fowst C, Costa N, Blake-Haskins JA, di Pietro A

and Grivas P: Avelumab maintenance therapy for advanced or

metastatic urothelial carcinoma. N Engl J Med 383(13): 1218-

1230, 2020. PMID: 32945632. DOI: 10.1056/NEJM0a2002788

Galsky MD, Arija JAA, Bamias A, Davis ID, De Santis M,

Kikuchi E, Garcia-Del-Muro X, De Giorgi U, Mencinger M,

Izumi K, Panni S, Gumus M, Ozgﬁroglu M, Kalebasty AR, Park

SH, Alekseev B, Schutz FA, Li JR, Ye D, Vogelzang NJ,

Bernhard S, Tayama D, Mariathasan S, Mecke A, Thastrom A,

Grande E and IMvigor130 Study Group: Atezolizumab with or

without chemotherapy in metastatic urothelial cancer

(IMvigor130): a multicentre, randomised, placebo-controlled

phase 3 trial. Lancet 395(10236): 1547-1557, 2020. PMID:

32416780. DOI: 10.1016/S0140-6736(20)30230-0

32 Alva A, Csoszi T, Ozguroglu M, Matsubara N, Geczi L, Cheng
SYS, Fradet Y, Oudard S, Vulsteke C, Morales Barrera R, Fléchon
A, Gunduz S, Loriot Y, Rodriguez-Vida A, Mamtani R, Yu EY,
Nam K, Imai K, Moreno BH and Powles TB: Pembrolizumab
combined with chemotherapy vs chemotherapy alone as first-line
therapy for advanced urothelial carcinoma: KEYNOTE-361. Ann
Oncol 37: S1155,2020. DOI: 10.1016/j.annonc.2020.08.2252

33 Joseph M and Enting D: Immune responses in bladder cancer-
role of immune cell populations, prognostic factors and
therapeutic implications. Front Oncol 9: 1270, 2019. PMID:
31824850. DOI: 10.3389/fonc.2019.01270

34 Bajic P, Wolfe AJ and Gupta GN: The urinary microbiome:
implications in bladder cancer pathogenesis and therapeutics.
Urology 726: 10-15, 2019. PMID: 30615894. DOI: 10.1016/
j.urology.2018.12.034

3

—

Received September 20, 2021
Revised October 10, 2021
Accepted October 12, 2021

5759



