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Abstract
Background: Systemic immune-in�ammation index (SII) predicts survival in patients with various
malignancies. This study explores the prognostic value of SII in metastatic urothelial carcinoma (MUC)
subjects.

Methods: We evaluated 181 consecutive MUC (148 bladder, 27 upper tract) patients (135 men) treated
with �rst-line platinum-based therapy. Karnofsky performance status <80% and visceral metastasis were
present in 18.2% and 46.4%, respectively. SII was based on platelet x neutrophil/lymphocyte counts.
Study population was dichotomized by median into high SII and low SII groups before the initiation of
chemotherapy (median 1326) and at week 6 (median 705). Progression-free survival (PFS) and overall
survival (OS) were estimated by the Kaplan-Meier method and compared with log-rank test.

Results: 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. Subjects with low SII at baseline and at week 6 had
signi�cantly 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
con�rmed in a multivariate analysis. Patients with low SII at baseline and at week 6 had signi�cantly
better PFS and OS compared to patients with high SII at both timepoints (P < 0.0001).

Conclusion: High SII before chemotherapy that persists at week 6 negatively affects survival. SII at
baseline can be used in strati�cation of patients within clinical trials and in clinical practice. 

Introduction
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
globally. 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 bladder cancer patients present with metastatic disease. [2] Systemic platinum-based
therapy has been the standard �rst-line treatment for inoperable, locally advanced and metastatic
urothelial carcinoma (MUC) for many years. [3–5] The median overall survival 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 bene�t from platinum-based chemotherapy and could therefore become candidates for
different therapeutic approaches e.g. within clinical trials.
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In�ammation plays a signi�cant role in the process of tumorigenesis. [7–9] Cells of the immune system
with proin�ammatory 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 affecting chronic in�ammation, promoting tumor angiogenesis and
growth. [9] Moreover, neutrophils, lymphocytes, and platelets affect survival of tumor cells in circulation.
[7]

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 in�ammatory response in urothelial
carcinoma. Recently, the systemic immune-in�ammation 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 is to explore the prognostic value of the SII at baseline
and its changes at week 6 during �rst-line platinum-based chemotherapy 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 ≥ 3.5 × 109/L,
hemoglobin ≥ 10 g/dL, and platelets ≥ 100 × 109/L. 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 last 5 years, HIV infection/AIDS, or any immunode�ciency.

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
�les and their accuracy validated for each patient by an independent investigator.

All subjects 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 �rst-line regime 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.
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The most common combination of cytotoxic agents, cisplatin (70 mg per m2 on day 1) and gemcitabine
(1000 mg per m2 on days 1 and 8), with a new course on day 22 was administered to 133 subjects
(73.5%); carboplatin – area under the curve (AUC) 5 on day 1 and gemcitabine (1000 mg per m2 on days
1 and 8), a new course on day 22 was administered to 28 subjects (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
subjects at each course of chemotherapy. Radiologic response was obtained by computed tomography
(CT) scan of the chest, abdomen, and pelvis at baseline and repeated each 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 in�ammation index (SII) was calculated with platelets (P), neutrophils (N) and
lymphocytes (L) determined on day 0 or day 1 before the �rst 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 et al.
[13] SII was de�ned as P x N / L. [13] This study population was dichotomized by median into high SII
and low SII groups at baseline (median 1326) 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 signi�cant when P < 0.05. Progression-free survival
(PFS) was calculated from the date of �rst-line chemotherapy (day 1 of the �rst course) until disease
progression, last follow-up, or death for any reason. Overall survival (OS) was calculated from the start of
�rst-line chemotherapy (day 1 of the �rst course) until the last follow-up or death for any reason. The
Kaplan-Meier method was used to estimate both PFS and OS. The 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% con�dence 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. [16]

Results
Once the selection of patients had been made on inclusion/exclusion criteria, a total of 181 MUC patients
with median age of 66 years (range 18–84 years), who underwent �rst-line platinum-based
chemotherapy, were enrolled in this study. The majority of patients were males (N = 135; 74.6%). Of all
subjects, 148 (81.8%) had bladder urothelial cancer and 27 (14.9%) upper genitourinary tract transition-
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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 subjects. 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 1.

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 27 (14.9%)

Histology type Transitional cell carcinoma 181 (100.0%)

Chemotherapy Cisplatin + Gemcitabine 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 102 (53.3%)

Metastasis localization Lymph nodes 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. 

Association between SII and patient/tumor characteristics
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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
2. In subjects with KPS < 80% vs KPS ≥ 80%, median SIIs signi�cantly differed at baseline (median 2523
vs 1097, P = 0.00012) but not at week 6 (median 927 vs 624, P = 0.06895). A difference in median SIIs in
subjects responded to treatment vs non-responded was signi�cant 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 2
Association between baseline SII and patient/tumor characteristics

  N Mean Median SD SEM P value

SII 181 2072.0 1326.2 2363.2 175.7 NA

Distant lymph node metastasis            

Absent 23 1452.4 914.0 1190.4 491.6 0.15

Present 158 2162.1 1421.9 2477.8 187.6  

Bone metastasis            

Absent 136 2064.7 1156.1 2551.9 203.2 0.06

Present 45 2094.0 1447.0 1692.5 353.3  

Lung metastasis            

Absent 121 2132.1 1326.2 2487.5 215.3 0.53

Present 60 1950.7 1319.2 2104.8 305.7  

Liver metastasis            

Absent 133 1969.3 1178.0 2341.8 204.9 0.19

Present 48 2356.3 1565.7 2423.4 341.1  

Peritoneal metastasis            

Absent 166 2033.6 1277.9 2372.00 183.7 0.42

Present 15 2496.0 1849.3 2298.2 611.0  

Visceral metastasis            

Absent 97 1955.9 1178.0 2292.4 240.3 0.62

Present 84 2206.0 1391.0 1449.3 258.2  

KPS < 80%            

Absent 148 1717.8 1097.4 1767.0 184.7 0.00012*

Present 33 3660.3 2522.9 3726.6 391.1  

Primary tumor site            

Bladder            

No bladder tumor 33 1885.9 1042.6 1703.3 412.2 0.68

N: number of patients;SD: standard deviation;SEM: standard error mean;NA: not applicable;KPS:
Karnofsky performance status;*signi�cant; **complete response or partial response.
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  N Mean Median SD SEM P value

Bladder tumor 148 2113.4 1361.7 2489.4 194.7  

Upper GU tract            

No upper GU tumor 154 2121.2 1421.9 2449.8 190.7 0.30

Upper GU tumor 27 1791.1 978.1 1802.5 455.5  

Response to treatment            

No response 102 2526.5 1574.8 2754.5 228.9 0.00102*

Objective response** 79 1485.1 974.3 1563.3 260.1  

N: number of patients;SD: standard deviation;SEM: standard error mean;NA: not applicable;KPS:
Karnofsky performance status;*signi�cant; **complete response or partial response.

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 progression-free survival (PFS) for the entire cohort was 6.6
months (95% CI 5.4–7.4 months) and median overall survival (OS) was 9.6 months (95% CI 8.6–11.7
months).

When this study population was dichotomized by median baseline SII into high SII (> 1326) and low (≤ 
1326), 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% CI 0.39–0.74; P < 0.0001).

High SII at baseline was associated with signi�cantly worse PFS 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%, 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 3.
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Table 3
Subgroup analysis of prognostic value of baseline SII for progression-free survival (PFS)

  N HR Lower

95% CI

Higher

95% CI

P value

SII 181        

Distant lymph node metastasis          

Absent 23 0.44 0.15 1.25 0.0477*

Present 158 0.62 0.45 0.86 0.023*

Bone metastasis          

Absent 136 0.55 0.38 0.80 0.0004*

Present 45 0.85 0.47 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 0.43 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 0.91 0.0079*

Present 33 0.58 0.28 1.19 0.1368

Primary tumor site          

Bladder          

N: number of patients;HR: hazard ratio;CI: con�dence interval;KPS: Karnofsky performance
status;*signi�cant; **complete response or partial response.
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  N HR Lower

95% CI

Higher

95% CI

P value

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: con�dence interval;KPS: Karnofsky performance
status;*signi�cant; **complete response or partial response.

High SII at baseline was associated with signi�cantly 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 4.
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Table 4
Subgroup analysis of prognostic value of baseline SII for overall survival (OS)

  N HR Lower

95% CI

Higher

95% CI

P value

SII 181        

Distant lymph node metastasis          

Absent 23 0.27 0.08 0.92 0.0008*

Present 158 0.59 0.42 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 0.47 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          

N: number of patients;HR: hazard ratio;CI: con�dence interval;KPS: Karnofsky performance
status;*signi�cant; **complete response or partial response.



Page 13/24

  N HR Lower

95% CI

Higher

95% CI

P value

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: con�dence interval;KPS: Karnofsky performance
status;*signi�cant; **complete response or partial response.

A univariate analysis revealed that a signi�cant 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; P = 0.0678). KPS and visceral
metastasis present at time of treatment initiation were signi�cant 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 signi�cant predictors of PFS and of OS (Table 5). 

Table 5. Multivariate (Cox regression) analyses of prognostic value of baseline SII for progression-free
survival (A) and overall survival (B)  

A.

Variables RR 95% CI Low 95% CI High  

P value

SII         

 1326 vs ≤ 1326 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 1.91 0.0332

B.
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Variables RR 95% CI Low 95% CI High  

P value

SII        

 1326 vs ≤ 1326 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: con�dence interval; SII: systemic immune-in�ammation index;
KPS: Karnofsky performance status. 

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% CI0.39-0.74; P < 0.0001). Kaplan-Meier estimates of
probabilities of PFS and OS according to SII at week 6 are shown in Fig. 1 and Fig. 2, respectively.

Prognostic value of SII changes
When comparing four subgroups according to SII baseline and SII at week 6 (Fig. 3), the most signi�cant
difference was between subgroups with low levels of in�ammation determined by SII in both timepoints
(median PFS 9.2 months, CI 95% 7.7–13.0) and high levels of in�ammation 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
in�ammation before chemotherapy initiation and its low level at week 6 were 6.6 months (95% CI 4.4–9.9
months). Median PFS for a subgroup with low level of in�ammation before chemotherapy initiation and
its high level at week 6 were 6.1 months (95% CI 4.7–7.6 months).

Comparing four subgroups according to SII baseline and SII at week 6 (Fig. 4), the most signi�cant
difference was between subgroups with low levels of in�ammation determined by SII before
chemotherapy and at week 6 (median OS 20.9 months, CI 65% 13.0-24-2 months) and high levels of
in�ammation 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 in�ammation 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 in�ammation before
chemotherapy initiation and its high level at week 6 was 9.6 months (8.0-12.4 months).
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Discussion
This study draws attention to the �nal analysis of the association between systemic-immune
in�ammation index (SII) and both survival prediction and response to treatment with platinum-based
regimes in a �rst-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 in�ammation 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 in�ammation processes. A clinically
signi�cant 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 �rst-line
therapy [17], to the best of our knowledge, this is the �rst trial to demonstrate the signi�cance of changes
in SII during platinum-based chemotherapy in a Caucasian population.

In�ammation 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 proin�ammatory cytokines
produced by malignant and in�ammatory 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 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 help release cytokines, stimulate monocytes and inhibit the �brinolytic system and, together with
proin�ammatory mediators, promote cell proliferation, survival, migration, angiogenesis, and metastasis.
[7, 20] Increases in numbers of neutrophils negatively impacts the T-cell mediated adaptive immunity. [21]
CD4 + T cells play key roles in tumor immunity through three different mechanisms. [22] Firstly, the
provision of help for anti-tumor CD8 + cytotoxic T lymphocytes (CTLs) through direct and indirect
mechanisms. Secondly, the production of effector cytokines such as interferon γ (IFNγ) and tumor
necrosis factor-α (TNFα), 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 provides help to B cells in driving their differentiation and maturation into a�nity-matured,
class-switched plasma cells.
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Among the causes of thrombocytosis is the capability of some tumor cells to produce thrombopoietin
and an up-regulation of the platelet activation markers such as P-selectin, β-thromboglobulin or CD40
ligand contributing to the increase of platelets. [23] Thrombocytes also display a pro-metastatic effect by
producing platelet-derived transforming growth factor β (TGF-β), 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-β/smad and NF-қb signaling pathways inducing epithelial-
mesenchymal transition7 and promoting tumor cell extravasation. [24] TGF-β is partially responsible for
the transformation of the neutrophils toward a pro-tumorigenic phenotype. [25] Preoperative and
postoperative thrombocytosis was associated with worse outcomes in subjects with both bladder
carcinoma and upper tract urothelial carcinoma. [16, 10]

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 is the Bajorin model [6] based on performance
status and visceral metastasis sites of the disease. The Galsky model [27] consists of a 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 in�ammation factor (C-reactive protein). Later, neutrophil to
lymphocyte ratio as a prognostic index was con�rmed 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
in�ammation-based prognostic score incorporating absolute neutrophil count and the absolute
lymphocyte count to predict survival in patients with metastatic urothelial carcinoma in Taiwan. A
systemic immune-in�ammation index (SII) combining neutrophil to lymphocyte ratio with the platelet
counts [13, 14] seems to be more objective in re�ecting the balance between host in�ammatory and
immune response status than the previously mentioned neutrophil to lymphocyte ratio.

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

Among the limitations of this trial 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 re�ects a real-world population of subjects with metastatic urothelial carcinoma and its
treatment over the �rst 15 years of this millennium. However, validation with a larger prospective data set
is necessary.

In previous studies of the inoperable advanced setting, 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
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chemotherapy with signi�cantly better results in favor of immunotherapy. In the mono-immunotherapy
arms of the phase 3 trial IMvigor130 [31] with atezolizumab and 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 to above has included data on SII at baseline and during
treatment and so 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 had not been clari�ed for a
long time. In 2019, Joseph and Enting published a review, [33] in which they summarize an
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 10–50%. This limited e�cacy
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 immunosuppressing
tumor microenvironment and/or increasing the actions of innate immune cell subpopulations. New
�ndings in urothelial carcinoma pathogenesis and novel therapeutics could also result from an
increasing interest in urine microbiome research. [34]

Conclusion
To conclude, the systemic immune-in�ammation index is an independent survival factor for Caucasian
patients with metastatic urothelial carcinoma receiving �rst-line platinum-based chemotherapy. The
results of our study show that a high systemic immune-in�ammation load before commencement of
chemotherapy that persists at week 6 negatively affects progression-free survival and overall survival,
and correlates with response to treatment. Therefore, measuring and recording the systemic immune-
in�ammation index could be a useful tool for patient strati�cation as a routine part of clinical practice, as
well as within clinical trials.
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Figures

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% CI 6.9-12.1 months). PFS: progression-free survival; HR: hazard
ratio; CI: con�dence interval; SII: systemic immune-in�ammation 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: con�dence interval;
SII: systemic immune-in�ammation 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% CI 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: con�dence interval; SII: systemic
immune-in�ammation 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: con�dence interval; SII: systemic immune-in�ammation index.


