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ABSTRACT

Background. This study aimed to evaluate the clinical

significance of the preoperative systemic immune-inflam-

mation index (SII) combined with the monocyte-

lymphocyte ratio (MLR) for patients with upper-tract

urothelial carcinoma (UTUC).

Methods. The clinical data of 424 patients who underwent

radical nephroureterectomy from January 2007 to June

2017 were analyzed. Kaplan–Meier analyses and Cox

proportional hazards models were used to evaluate asso-

ciations of preoperative systemic immune-inflammatory

biomarkers with overall survival (OS), cancer-specific

survival (CSS), and progression-free survival (PFS).

Moreover, logistic regression preoperative models were

applied to predict advanced disease.

Results. Multivariate analyses showed that SII signifi-

cantly influenced both OS and CSS (both P\ 0.05),

whereas MLR exhibited the most significant association

with OS (P = 0.008). In particular, simultaneously high SII

and MLR values correlated significantly with OS, CSS, and

PFS (all P\ 0.05). Logistic regression preoperative mod-

els showed that the combination of high SII and high MLR

was a significant predictor of non-organ-confined UTUC

(P = 0.001). Furthermore, Kaplan–Meier analysis showed

that the combination of high SII and high MLR was

significantly linked with poor OS, CSS, and PFS in non-

organ-confined UTUC (all P\ 0.05).

Conclusion. The study reviewed serum inflammation

biomarkers in a subset of patients with UTUC and

demonstrated the ability of combined SII and MLR to

predict disease progression and survival. Patients with both

high SII and high MLR were significantly more likely to

have non-organ-confined disease and poor survival

outcomes.

Although upper-tract urothelial carcinoma (UTUC) is a

rare malignancy of the urinary system,1 a significantly

higher prevalence of this malignancy has been noted in

Taiwan.2,3 Given the high recurrence and progression rates

of UTUC,4 radical nephroureterectomy (RNU) is consid-

ered the gold standard treatment.5 However, prognostic

factors must be identified to improve preoperative treat-

ment choices and postoperative surveillance.

To date, many studies have shown that pathologic

staging and lymphovascular invasion (LVI) are the most

important independent predictors of survival for patients

with UTUC.6,7 However, postoperative information cannot

determine preoperative treatment strategies. Therefore,

identification of preoperatively available prognostic factors

may enable physicians to make accurate pretreatment

assessments regarding clinically valuable options in

UTUC, such as the need for neoadjuvant chemotherapy.

The literature demonstrates a strong relationship

between cancer and systemic inflammation. Preoperative

serum inflammation biomarkers, such as the neutrophil-to-

lymphocyte ratio (NLR), the platelet-to-lymphocyte ratio

(PLR), the monocyte-to-lymphocyte ratio (MLR), and the

systemic immune-inflammation index (SII: neu-

trophils 9 platelets/lymphocytes), have been shown to

correlate with the outcomes for patients with several types
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of cancer.8–11 Studies of UTUC have reported that the

preoperatively assessed blood-based parameters NLR,12–16

PLR,17 and MLR18 exhibit the potential to predict the

prognosis of patients after RNU. However, the prognostic

value of NLR in UTUC remains controversial, and the

feasibility of the SII for UTUC has not been evaluated to

date. Several studies have shown that SII is an integrative

indicator with a significant prognostic value in other solid

malignancies such as esophageal squamous cell carci-

noma,19,20 small cell lung cancer,21,22 gastric cancer,23,24

colorectal cancer,25 pancreatic cancer,26 and hepatocellular

carcinoma.8 This study aimed to explore associations of the

preoperative NLR, PLR, MLR, and SII with clinicopatho-

logic parameters and to identify the prognostic values of

individual or combined inflammatory biomarkers using

multivariate models.

PATIENTS AND METHODS

Study Populations and Data Collection

This study was approved by the Institutional Review

Board of National Cheng Kung University Hospital, Tai-

nan, Taiwan (IRB No. NCKUH-10001008/ER-99-237).

From January 2007 to June 2017, 424 patients with UTUC

undergoing RNU were retrospectively analyzed. The RNU

technique was performed according to standard procedures,

and regional lymph nodes (LNs) were generally dissected

if the preoperative imaging studies indicated that enlarge-

ment or palpable nodes were identified intraoperatively.

The following exclusion criteria were applied to

potential subjects: active infection status, lack of differ-

ential count information from preoperative complete blood

counts (CBCs) 30 days before surgery, bone or distant

metastasis at the time of diagnosis, other malignancy,

current use of immunosuppressive drugs, and a follow-up

period shorter than 30 days. None of the patients received

preoperative neoadjuvant chemotherapy, radiotherapy, or

any other anti-tumor therapy.

The following clinicopathologic variables were recorded

for analysis: sex, age, blood type, smoking status, comor-

bidities, symptoms, preoperative estimated glomerular

filtration rate (eGFR), history of prior or concomitant

bladder urothelial carcinoma, tumor location (renal pelvis,

ureter, or synchronous), multifocality, tumor size, tumor

necrosis, tumor architecture (papillary, sessile, or mixed),

pT stage, tumor grade, LVI, LN metastasis, and CBC

parameters (NLR, PLR, MLR, and SII).

Multifocality was defined as the presence of tumors in

both the pelvis and ureter or two or more tumors. Overall

survival (OS) was defined as the interval from RNU until

death, whereas cancer-specific survival (CSS) was defined

as the interval from RNU until death due to UTUC, and

progression-free survival (PFS) was defined as the interval

from RNU until disease progression (including local

recurrence or distant metastasis) or death.

Tumor staging was determined according to the Amer-

ican Joint Committee on Cancer TNM Classification, 7th

edition, and pathologic grades were determined according

to the 2004 World Health Organization (WHO) classifi-

cation. The preoperative eGFR was calculated using the

following Modification of Diet in Renal Disease study

equation:

186 9 (serum creatinine) – 1.154 9 (age) –

0.203 9 (0.742 if female).27 Patients were considered to

have chronic kidney disease if they had an eGFR lower

than 60 ml/min/1.73 m2 or received regular dialysis. Fol-

low-up evaluations included interval history-taking,

physical examination, urinalysis, urine cytology, abdomi-

nal ultrasonography, and abdominal computed

tomography. Cystoscopy was performed every 3 months

for the first 2 years, every 6 months for the next 2 years,

and annually thereafter.

Statistical Analysis

Data were analyzed using SPSS (version 17.0; SPSS

Inc., Chicago, IL, USA). The predictive values of NLR,

PLR, MLR, and SII were determined using receiver oper-

ating characteristic (ROC) curve analysis based on cancer-

specific death as the end point. The cutoff values were

determined with Youden’s index and used to categorize the

clinicopathologic variables into two groups (above and

below the cutoff). Subsequently, the Chi square test was

used to compare differences between the two groups.

Kaplan–Meier analyses were performed to evaluate the

associations of OS, CSS, and PFS with NLR, PLR, MLR,

and SII. Significant differences were determined using the

log-rank test. Uni- and multivariate Cox regression analy-

ses were conducted to evaluate the significance of each

parameter with respect to OS, CSS, and PFS. A P value

lower than 0.05 was considered statistically significant.

RESULTS

Clinical Characteristics of Patients with UTUC

The clinical and pathologic characteristics of the 424

patients in this study are shown in Table 1. Their ages

ranged from 29 to 96 years (median, 70 years; interquartile

range [IQR], 62–77 years) and a mean age of

68.5 ± 10.9 years. The patients were followed for a med-

ian of 35 months (IQR, 14–60 months; mean,

36.1 ± 28.6 months).
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Of the 424 patients, 344 (81%) presented with

hydronephrosis, and 361 (85%) had microscopic or gross

hematuria. Preoperatively, 248 patients (58%) had chronic

kidney disease (eGFR, B 60 ml/min/1.73 m2) and 68

(16%) required regular hemodialysis. The findings showed

243 patients (57%) with underlying hypertension or dia-

betes mellitus and 49 patients (12%) with a prior or current

smoking history.

Tumors were located in the renal pelvis in 191 (45%)

patients, the ureter in 138 patients (33%), and both loca-

tions in 95 patients (22%). Multifocal tumors were found in

116 patients (27%). Prior or concomitant bladder tumors

were noted in 127 patients (32%).

Regarding pathologic staging, 161 patients (38%) had

pTa/1, 83 patients (20%) had pT2, and 180 patients (72%)

had pT3/4 disease. Furthermore, 25 patients (6%) had

positive LN metastases, 402 patients (95%) had a high

tumor grade, 221 patients (52%) had a tumor larger than

3 cm, 86 patients (20%) had tumor necrosis, and 115

patients (39%) had LVI. Regarding tumor architecture, the

study identified papillary tumor in 97 patients (23%), ses-

sile tumor in 278 patients (66%), and mixed type tumor in

49 patients (11%).

Associations of NLR, PLR, MLR, and SII

with Clinicopathologic Parameters

Using cancer-specific death as the end point, ROC

analysis was performed to identify the optimal cutoff val-

ues with the highest sensitivity and specificity as follows:

NLR (4), PLR (150), MLR (0.4), and SII (580) (Fig. S1).

The highest AUC was 0.71 for SII, indicating the superi-

ority of this factor relative to NLR, PLR, or MLR as a

predictive factor for survival for UTUC patients.

Next, the patients were subdivided into two groups

based on the cutoff value of each of the four immune-

inflammation biomarkers. As shown in Table 1, the

patients receiving hemodialysis had significantly higher

NLR (P = 0.016), PLR (P = 0.016), and MLR (P\ 0.001)

values. The patients with a large tumor volume had sig-

nificantly higher NLR (P = 0.039), PLR (P = 0.014), MLR

(P = 0.002), and SII (P = 0.004) values. In addition, the

patients with impaired renal function, prior or concurrent

bladder cancer, or advanced T stage disease (T3 or T4) had

significantly higher MLR values, with P values of 0.001,

0.003, and 0.017, respectively. The patients with signifi-

cantly higher SII levels were more likely to have a large

tumor volume (P = 0.004), LVI (P = 0.003), and LN

involvement (P = 0.028), as well as tumor located in the

renal pelvis and ureter (P = 0.036). No significant differ-

ences in sex, age, blood type, smoking, preoperative

clinical symptoms, multifocal tumors, tumor grade, tumor

configuration, or tumor necrosis were observed between

the high and low groups stratified by each immune-in-

flammation biomarker.

Survival Analysis for NLR, PLR, MLR, and SII

A Kaplan–Meier analysis was used to study the asso-

ciations of the four inflammatory markers with OS and

CSS. We found that higher NLR, PLR, MLR, and SII were

significantly related to lower OS, with respective P values

of 0.002, 0.001,\ 0.001, and\ 0.001 (Fig. S2). Similarly,

a lower CSS was observed in patients with a higher NLR,

PLR, MLR, and SII (all P values\ 0.001; Fig. S3). The

patients with a higher PLR, MLR, or SII had a significantly

worse PFS, with respective P values of 0.003, 0.007, and

0.001 (Fig. S4).

Uni- and multivariate Cox regression analyses were

performed to determine the factors affecting survival for

our patients. The univariate analysis identified pT stage,

LN status, LVI, tumor location, multifocality, tumor size,

tumor architecture, NLR, PLR, MLR, and SII as significant

risk factors (Table 2). In a multivariate analysis, pT stage

and LN metastasis were identified as risk factors associated

with OS, CSS, and PFS. The MLR was identified as a risk

factor for OS (P = 0.008), and SII was shown to have a

significant influence on both OS (P = 0.019) and CSS

(P = 0.004) (Table 2).

Association of Survival with the Combination of SII

and MLR

The SII is derived from the neutrophil, platelet, and

lymphocyte counts but does not include the monocyte

count. Because several previous studies have shown the

prognostic importance of monocytes,28,29 we further eval-

uated whether the combination of SII and MLR would have

a better predictive value.

In this study, a significant positive correlation (Spear-

man’s correlation coefficient, cs = 0.374; P\ 0.001) was

observed between the SII and MLR. The patients then were

subdivided into four groups as follows: high SII and high

MLR, high SII and low MLR, low SII and high MLR, and

low SII and low MLR. As shown in Fig. 1, the patients

with high SII and high MLR had not only the worst OS and

CSS, but also the poorest PFS (all P values\ 0.001).

A multivariate Cox regression analysis was performed

to determine the effects of different SII and MLR combi-

nations on OS, CSS, and PFS. The results showed that

patients with high SII and high MLR had significantly

worse OS, CSS, and PFS than those with low SII and low

MLR (hazard ratios [HRs] of 4.030 [P\ 0.001], 5.962

[P\ 0.001], and 2.032 [P = 0.004], respectively; Table 3).

Therefore, simultaneously high SII and MLR values can be

674 H.-C. Jan et al.
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considered an independent predictor of a poorer OS, CSS,

and PFS.

Association of Organ-Confined and Non-Organ-

Confined Disease with the Combination of SII and MLR

To further compare the abilities of different SII and

MLR combinations to predict OS, CSS, and PFS at dif-

ferent pathologic tumor stages, the patients were divided

into two groups as follows: organ-confined and non-organ-

confined UTUC. Among the patients with non-organ-con-

fined UTUC, those with high SII and high MLR had

significantly shorter OS (P\ 0.001), CSS (P\ 0.001),

and PFS (P = 0.024) than those with other combinations.

However, the patients with organ-confined UTUC exhib-

ited no significant differences among the groups (Fig. 2).

We further tested the feasibility of the SII and MLR

combination for predicting non-organ-confined disease

(C pT3 and/or positive LNs). As shown in Table 4, the

combination of high SII and high MLR acted as a signifi-

cant predictive factor for advanced UTUC (P = 0.001).

DISCUSSION

In this study, a high SII ([ 580) correlated with LVI, LN

involvement, a larger tumor size, and a more aggressive

phenotype in patients with UTUC. Findings have shown

that SII is superior to NLR, PLR, or MLR as a predictor of

survival, and a high SII is an independent predictor of a

decreased OS and CSS. In addition, the combination of SII

and MLR comprises a good independent predictor of the

extent and prognosis of UTUC. To the best of our

knowledge, this is the first report to describe an association

of combined high SII and high MLR with poor oncologic

outcomes, suggesting that this factor may contribute to pre-

or postoperative decision-making for patients with UTUC.

Previous studies have demonstrated the prognostic value

of the preoperative NLR, PLR, or MLR for patients with

UTUC. Specifically, an elevated NLR, PLR, or MLR was

found to be associated with disease recurrence and

decreases in OS, CSS, or both.13–15,17,18 Conversely, the

relationships of the SII with clinical variables in patients

with UTUC has not been reported to date. The literature

suggests that SII represents the host inflammatory status for

patients with hepatocellular carcinoma, and that a higher

SII level is associated with a higher level of circulating

tumor cells (CTCs).8 A handful of studies have demon-

strated that the SII could independently predict survival

and recurrence for patients with several types of solid

malignancies.19–26 In our study, the findings were
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FIG. 1 Kaplan-Meier analysis

for overall survival (a), cancer-

specific survival (b), and

progression-free survival (c) in

patients with UTUC who

divided into 4 groups based on

combination of SII with MLR
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consistent with those of the previous reports, but only SII

and MLR were found to correlate with OS, CSS, and PFS

in a multivariate analysis.

Our study showed that the combination of a high SII and

high MLR correlated significantly with advanced UTUC

and a poor prognosis. The mechanisms responsible for the

clinical significance of this combination with respect to

survival might be explained by the functions of neutrophils,

platelets, lymphocytes, and monocytes. Neutrophils not

only facilitate cancer cell invasion, proliferation, and

metastasis, but also protect cancer cells from immune

surveillance.30,31 Platelets shield cancer cells from immune

cells cytotoxicity and facilitate the extravasation of cancer

cells, leading to the formation of a metastatic niche and

contributing to the survival and metastasis of cancer

cells.32–34 In contrast, lymphocytes block the proliferation

and migration of cancer cells by promoting cytotoxic cell

death and secreting cytokines.31

Furthermore, some studies have shown that macro-

phages derived from monocytes interact with CTCs to

release cytokines and growth factors that promote the

aggressive invasion behaviors of CTCs in a tumor-associ-

ated microenvironment.35,36 Accordingly, these cell types

might enable cancer cells to disseminate into circulation,

evade immune destruction, and increase the peripheral

CTC level. Thus, we can assume that the combination of

FIG. 2 Kaplan-Meier analysis for overall survival (a and d), cancer-specific survival (b and e), and progression-free survival (c and f) in

patients with non-organ-confined (a, b and c) and organ-confined (d, e and f) UTUC stratified based on combination of SII with MLR
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T
A
B
L
E

4
U

n
i-

an
d

m
u

lt
iv

ar
ia

te
lo

g
is

ti
c

re
g

re
ss

io
n

p
re

o
p

er
at

iv
e

m
o

d
el

an
al

y
se

s
fo

r
p

re
d

ic
ti

o
n

o
f

n
o

n
-o

rg
an

-c
o

n
fi

n
ed

d
is

ea
se

(C
p

T
3

an
d

/o
r

p
o

si
ti

v
e

ly
m

p
h

n
o

d
es

)
w

h
en

in
te

rr
el

at
ed

S
II

an
d

M
L

R
ar

e
co

m
b

in
ed

N
o

n
-o

rg
an

-c
o

n
fi

n
ed

d
is

ea
se

U
n

iv
ar

ia
te

M
u

lt
iv

ar
ia

te

H
R

(9
5

%
C

I)
P

v
al

u
e

H
R

(9
5

%
C

I)
P

v
al

u
e

A
g

e
at

R
N

U
(y

ea
rs

)

[
6

9
v

s
B

6
9

1
.1

5
6

(0
.7

8
7

–
1

.6
9

9
)

0
.4

5
9

1
.0

8
5

(0
.7

0
9

–
1

.6
6

1
)

0
.7

0
6

G
en

d
er

F
em

al
e

v
s

m
al

e
0

.9
1

0
(0

.6
1

8
–

1
.3

3
9

)
0

.6
3

2
0

.8
4

7
(0

.5
4

6
–

1
.3

1
4

)
0

.4
5

9

S
m

o
k

in
g

Y
es

v
s

n
o

0
.8

9
7

(0
.4

9
0

–
1

.6
4

3
)

0
.7

2
5

0
.8

3
0

(0
.4

2
1

–
1

.6
3

5
)

0
.5

9
0

P
re

o
p

er
at

iv
e

eG
F

R
(m

l/
m

in
/1

.7
3

m
2
)

\
6

0
v

s
C

6
0

0
.8

1
9

(0
.5

5
–

1
.2

1
0

)
0

.3
1

6
0

.8
7

1
(0

.5
5

5
–

1
.3

6
9

)
0

.5
5

1

H
em

o
d

ia
ly

si
s

Y
es

v
s

n
o

0
.6

4
0

(0
.3

7
1

–
1

.1
0

5
)

0
.1

0
9

0
.5

9
7

(0
.3

1
2

–
1

.1
4

1
)

0
.1

1
8

D
M

o
r

H
T

N

P
re

se
n

t
v

s
ab

se
n

t
0

.8
9

3
(0

.6
0

6
–

1
.3

1
7

)
0

.5
6

8
0

.9
1

7
(0

.6
0

7
–

1
.3

8
6

)
0

.6
8

2

P
re

v
io

u
s

o
r

co
n

co
m

it
an

t
B

C

Y
es

v
s

n
o

0
.8

7
9

(0
.5

7
6

–
1

.3
3

9
)

0
.5

4
7

0
.5

9
6

(0
.5

6
1

–
1

.4
3

0
)

0
.6

4
5

H
y

d
ro

n
ep

h
ro

si
s

P
re

se
n

t
v

s
ab

se
n

t
1

.1
0

1
(0

.6
7

2
–

1
.8

0
4

)
0

.7
0

2
1

.0
1

6
(0

.6
0

3
–

1
.7

1
0

)
0

.9
5

3

H
em

at
u

ri
a

P
re

se
n

t
v

s
ab

se
n

t
0

.7
5

1
(0

.4
3

9
–

1
.2

8
4

)
0

.2
9

5
0

.7
9

4
(0

.4
5

4
–

1
.3

8
7

)
0

.4
1

8

M
u

ti
fo

ca
li

ty

Y
es

v
s

n
o

1
.2

0
9

(0
.7

8
7

–
1

.8
5

7
)

0
.3

8
7

1
.1

8
7

(0
.7

5
3

–
1

.8
6

9
)

0
.4

6
1

C
o

m
b

in
ed

S
II

?
M

L
R

0
.0

0
1

0
.0

0
1

L
o

w
S

II
an

d
h

ig
h

M
L

R
v

s.
lo

w
S

II
an

d
M

L
R

0
.6

4
5

(0
.2

7
8

–
1

.4
9

4
)

0
.3

0
6

0
.7

3
7

(0
.3

1
1

–
1

.7
4

6
)

0
.4

8
8

H
ig

h
S

II
an

d
lo

w
M

L
R

v
s

lo
w

S
II

an
d

M
L

R
0

.7
5

6
(0

.4
6

2
–

1
.2

3
7

)
0

.2
6

6
0

.7
3

9
(0

.4
4

7
–

1
.2

2
0

)
0

.2
3

6

H
ig

h
S

II
an

d
M

L
R

v
s

lo
w

S
II

an
d

M
L

R
2

.0
6

5
(1

.2
6

6
–

3
.3

6
9

)
0

.0
0

4
2

.2
9

2
(1

.3
7

7
–

3
.8

1
6

)
0

.0
0

1

H
R

h
az

ar
d

ra
ti

o
;
C
I

co
n

fi
d

en
ce

in
te

rv
al

;
R
N
U

ra
d

ic
al

n
ep

h
ro

u
re

te
re

ct
o

m
y

;
P
re
-e
G
F
R

p
re

o
p

er
at

iv
e

es
ti

m
at

ed
g

lo
m

er
u

la
r

fi
lt

ra
ti

o
n

ra
te

;
D
M

d
ia

b
et

es
m

el
li

tu
s;
H
T
N

h
y

p
er

te
n

si
o

n
;
B
C

b
la

d
d

er

u
ro

th
el

ia
l

ca
rc

in
o

m
a;

S
II

sy
st

em
ic

im
m

u
n

e-
in

fl
am

m
at

io
n

in
d

ex
;
M
L
R

m
o

n
o

cy
te

-t
o

-l
y

m
p

h
o

cy
te

ra
ti

o

682 H.-C. Jan et al.



high SII and high MLR in a patient with advanced UTUC

indicates a lower anti-cancer immune response, a higher

level of CTCs in circulation, increased participation of

monocytes, and accumulation of cytokines and growth

factors. The details of these mechanisms will be further

studied in the future.

Nonetheless, our study had some limitations, such as

data collected at a single institution, the retrospective nat-

ure of data assessment, and participation of multiple

surgeons. Moreover, the study lacked ideal and generaliz-

able thresholds regarding blood-based parameters in UTUC

because the respective cutoffs were mathematically

derived. Therefore, our results should be validated in dif-

ferent populations and/or ethnic groups. Additional studies

and meta-analyses will advance our understanding con-

cerning the use of inflammatory biomarkers in UTUC.

CONCLUSIONS

We reviewed serum inflammation biomarkers in a sub-

set of patients with UTUC and demonstrated the feasibility

of SII and MLR combined as a predictor of disease extent

and survival. Patients with both high SII and high MLR

were significantly more likely to have non-organ-confined

disease and poor survival outcomes. We believe that the

use of both the SII and MLR could facilitate the risk

stratification of patients with UTUC and identify those at

high risk for disease progression.
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