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Purpose: Lymphovascular invasion (LVI) and systemic immune-inflammation index (SII) both have been proved to correlate with oncologic
outcomes in upper tract urothelial carcinoma (UTUC). We hypothesize that integrating SII with LVI may be an aid for risk-stratification of
prognosis. This study aimed to evaluate the prognostic significance of combined SII and LVI in patients with localized UTUC.

Patients and Methods: A retrospective analysis of clinicopathological data of 554 UTUC patients who underwent radical
nephroureterectomy (RNU) was conducted. The SII was calculated using the equation (preoperative serum neutrophil*platelet/
lymphocyte). Use of Kaplan—Meier analyses and Cox proportional hazards models were to evaluate associations of combining SII
and LVI with overall survival (OS), cancer-specific survival (CSS), and progression-free survival (PFS). Furthermore, receiver
operating characteristic (ROC) analysis was applied to estimate predictive ability of combining SII and LVI for oncological outcomes.
Results: Positive LVI was significantly associated with advanced stage, high grade, necrosis, lymph node metastasis, and high-level
SII. Positive LVI and high-level SII co-existence was significantly associated with unfavorable OS, CSS, and PFS in Kaplan-Meier
analyses (all p < 0.001) and was an independent indicator of OS, CSS, and PFS (HR [95% CI]: 3.918 [2.168-7.078], 5.623 [2.679—
11.801], 3.377 [2.138-5.334]), respectively) in multivariate analyses. Furthermore, adding LVI and SII to a model that included
standard pathologic predictors exhibited a better ability to predict survival in ROC analysis.

Conclusion: The integration of SII and LVI was demonstrated to be a potential factor of poor outcomes in patients with localized
UTUC. Notably, the combined use of LVI and SII can be a feasible and complementary factor to TNM staging in the prognostic
assessment of UTUC patients in clinical practice. The validity of combination of the two markers would be considered in future
prospective studies to evaluate its usefulness in staging and application of post-operative chemo or immunotherapy.
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Introduction

Upper tract urothelial carcinoma (UTUC) is a rare cancer worldwide, accounting for approximately 5-10% of all
urothelial carcinomas in the urinary system.' However, a high incidence of UTUC has been observed in Taiwan,
especially in the south-west area.” Nowadays, radical nephroureterectomy (RNU) with bladder cuff excision has been
the standard treatment for high-risk localized UTUC, particularly multifocal tumors, large tumor size (> 2cm), high
tumor grade, or advanced clinical stage at the time of diagnosis, whereas kidney-sparing surgery has been adopted as an
alternative treatment for low-risk UTUC.>* After RNU for high-risk UTUC, further management includes either
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adjuvant chemotherapy or salvage radiotherapy, depending on the stage, grade, and other pathological findings.
Nevertheless, this stratification remains insufficient to identify patients with a high risk for disease progression due to
the diverse biological nature of tumors, despite being considered the same pathological stage. Therefore, it is of clinical
importance to recognize potential prognostic factors to provide better risk stratification for future treatment plans.

The literature from Morgan Roupret et al listed significant predictors for adverse prognoses in UTUC, including
tumor grade, tumor stage, lymph node metastasis, lymphovascular invasion (LVI), concurrent carcinoma in situ (CIS),
and so on.> Among these, LVI has been believed to have an increased risk of lymph node involvement and distant
metastasis, thus leading to worse prognoses.” * Undoubtedly, LVI can be considered a relatively reliable prognostic factor
in UTUC; however, part of UTUCs with LVI was clinically found not to have inferior outcomes. So, there remained
limitations in the use of LVI alone to distinguish between patients at a high and low risk of disease progression.
Furthermore, increasing data showed that tumor-related inflammation has been recognized as playing a crucial role in
tumor growth/development, progression, and metastasis.'®'?

The systemic immune-inflammation index (SII) was associated with oncologic outcomes.'* '® However, no study has
examined the relationship between LVI and SII, and their prognostic value in determining disease progression and
survival among UTUC patients after RNU. Therefore, the purpose of the present study was to evaluate the prognostic
significance of integrating the LVI and SII in patients with UTUC after RNU.

Patients and Methods

Study Population

After approval from the ethical committee of the National Cheng-Kung University Hospital (NCKUH) (IRB number:
A-ER-109-131), our study reviewed the records of patients with localized UTUC undergoing laparoscopic RNU from
2008 to 2019, which waived the requirement for informed consent from participants and allowed access to the follow-up
clinical records. The data of medical records was anonymized and maintained with confidentiality. It was conducted
based on the Declaration of Helsinki. RNU was performed according to standard procedures, and regional lymphade-
nectomy was generally performed if the preoperative imaging studies indicated that enlarged/palpable nodes were
identified in the intraoperative examination. The exclusion criteria were as follows: use of neoadjuvant chemotherapies
or immunosuppressant agents, radical cystectomy for bladder cancer, distant metastasis before surgery, incomplete blood
data, active infection with fever episode (>38.3C), other malignancy, and the presence of chronic inflammatory,
hematological, or autoimmune diseases. In addition, adverse histological variants, including micropapillary and sarco-
matoid types were omitted as well. Ultimately, 554 patients were enrolled in our study. For each patient, the following
clinical and pathologic features were analyzed: gender, age at surgery, comorbidities (diabetes mellitus, hypertension,
hemodialysis), symptoms (hematuria or hydronephrosis), previous/concomitant bladder cancer, tumor location (renal
pelvis, ureter, both), tumor stage, lymph node (LN) involvement, tumor necrosis, tumor grade, LVI, AC, and SII
(neutrophil*platelet/lymphocyte). Tumor staging was determined according to the American Joint Committee on
Cancer TNM Classification, 7th edition, and pathological grades were determined according to the 2007 WHO
classification. AC was defined as the administration of more than two cycles of the platinum-based regimen (gemcitabine
plus cisplatin/carboplatin) within 90 days post-surgery.

Use of Receiver Operating Characteristic (ROC) analysis determined the optimal cut-off value of SII as 580 in
accordance with Jan et al study.'® Follow-up evaluations included regular interview, physical examination, urinalysis,
urine cytology, abdominal ultrasonography, and abdominal computed tomography. Cystoscopy was performed every
three months for the first two years, every six months for the next two years, and annually thereafter.

The survival outcomes in our study were overall (OS), cancer-specific (CSS), and progression-free survival (PFS). OS
was defined as the interval from RNU until death; CSS was defined as the interval from RNU until death due to UTUC;
PFS was defined as the duration from RNU until disease recurrence (included local recurrence/distant metastases, but did
not include bladder or contralateral upper tract recurrence) or cancer-specific death. Moreover, bladder or contralateral
upper urinary tract relapse was not defined as local recurrence in our study.
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Statistical Analysis

The OS, CSS, and PFS were estimated by Kaplan—Meier analyses, and the Log rank test was applied to compare survival
curves. Univariate/multivariate analyses were performed to evaluate the prognostic effects of clinical and pathological
factors. Associations between the variables and the survival outcomes were presented as hazard ratios (HRs) with
corresponding 95% confidence intervals (Cls). All p values were two-sided, and < 0.05 was considered significant.
Furthermore, the area under the ROC curve (AUC) was used to calculate the predictive ability of the candidate marker.
All analyses were performed using IBM SPSS 25.0 (SPSS Inc., Chicago, IL, USA) or MedCalc 19.7.2.

Results

Clinicopathogic Characteristics in Patients with UTUC Stratified by LVI

In Table 1, among the 554 patients treated with RNU for UTUC, 155 (28%) and 399 (72%) were positive and negative
for LVI, respectively. At the time of surgery, the mean age (years) was 69.4 = 10.8 and 69.2 = 11.3 for positive and
negative LVI patients, respectively. The mean follow-up duration (months) was 40.5 + 32.1 and 49.2 + 32.1, respectively,

Table | Correlations of Lymphovascular Invasion with Clinicopathologic Characteristics in Patients Treated with Radical
Nephroureterectomy for Upper Tract Urothelial Carcinoma

Total Patients N = 554 (100%) Lymphovascular Invasion P-value
Absent Present
N =399 (72%) | N = 155 (28%)
Mean Age (year) 693+ 11.2 69.2 £ 11.3 694 £ 10.8
Mean follow-up after surgery (month) 46.8 + 32.28 49.2 £ 32.1 40.5 + 32.1
Age (year) 0.771
<69 259 (47%) 185 (46%) 74 (48%)
> 69 295 (53%) 214 (54%) 81 (52%)
Gender 0.199
Male 244 (44%) 169 (42%) 75 (48%)
Female 310 (56%) 230 (58%) 80 (52%)
Renal function status (eGFR, mL/min/1.73m?) 0.989
= 60 229 (42%) 165 (41%) 64 (41%)
<60 325 (59%) 234 (59%) 91 (59%)
Hemodialysis 0.127
No 461 (83%) 326 (82%) 135 (87%)
Yes 93 (17%) 73 (18%) 20 (13%)
DM or HTN 0.577
Absent 232 (42%) 170 (43%) 62 (40%)
Present 322 (58%) 229 (57%) 93 (60%)
Hematuria 0.141
No 74 (13%) 48 (12%) 26 (17%)
Yes 480 (87%) 351 (88%) 129 (83%)
Hydronephrosis 0.215
No 110 (20%) 74 (20%) 36 (23%)
Yes 444 (80%) 325 (80%) 119 (77%)
Prior or concomitant BC 0.707
No 396 (71%) 287 (72%) 109 (70%)
Yes 158 (29%) 112 (28%) 46 (20%)
Tumor location < 0.001
Pelvis 251 (45%) 172 (43%) 79 (51%)
Ureter 186 (34%) 157 (39%) 29 (19%)
Both 117 (21%) 70 (18%) 47 (30%)
(Continued)
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Table 1 (Continued).

Total Patients N = 554 (100%) Lymphovascular Invasion P-value
Absent Present
N =399 (72%) | N = 155 (28%)
Pathological T stage < 0.001
Tis/Ta/T| 205 (37%) 182 (46%) 23 (15%)
T2 110 (20%) 95 (24%) 15 (10%)
T3/T4 239 (43%) 122 (30%) 117 (75%)
Lymph node status < 0.001
NO 185 (33%) 120 (30%) 65 (42%)
Nx 338 (61%) 272 (68%) 66 (43%)
N+ 31 (6%) 7 (2%) 24 (15%)
Tumor grade 0.012
Low 28 (5%) 26 (6%) 2 (1%)
High 526 (95%) 373 (94%) 153 (99%)
Tumor necrosis < 0.001
No 443 (80%) 349 (87%) 94 (61%)
Yes 111 (20%) 50 (13%) 61 (39%)
Pathological tumor size (cm) < 0.001
<3 311 (56%) 259 (65%) 52 (34%)
>3 243 (44%) 140 (35%) 103 (66%)
Adjuvant chemotherapy < 0.001
No 509 (92%) 382 (96%) 127 (82%)
Yes 45 (8%) 17 (4%) 28 (18%)
sl <0.001
Low (= 580) 267 (48%) 215 (54%) 52 (33%)
High (> 580) 287 (52%) 184 (48%) 103 (67%)

Note: Significant P values (< 0.05) are in bold.
Abbreviations: RNU, radical nephroureterectomy; DM, diabetes mellitus; HTN, hypertension; BC, bladder cancer; SlI, systemic inflammation-immune index.

for positive and negative LVI patients. Significant correlations with positive LVI were found in tumor location involving
renal pelvis and ureter, advanced pT stage, LN metastasis, high grade, necrosis, AC, and high-level SII. By contrast, no
significant difference was noted for gender, age, renal function status, hemodialysis, diabetes mellitus/hypertension,
hematuria/hydronephrosis, or previous/concomitant BC between two groups.

Additionally, concerning the relationship between SII and LVI, UTUC with positive LVI had a significant association
with higher SII values than those without positive LVI. The SII value increased with the advancing stages of UTUC
progression (Supplementary S1).

Association of LVI and Sll with Poor Outcomes
Kaplan-Meier analyses showed that positive LVI and high-level SII were both significantly associated with a worse OS, CSS,
and PFS (all p < 0.05) (Supplementary S2 and S3). We further integrated LVI and SII to examine their influence on survival
outcomes. After patients were stratified by LVI and SII, Kaplan-Meier plot revealed that positive LVI combined with high-
level SII was significantly associated with a worse OS, CSS, and PFS (all p < 0.001) (Figure 1).

Considering the existence of different molecular or pathophysiologic features in patients with UTUC based on tumor

stage, we attempted to analyze the effect of the combination of LVI and SII on survival between different pT stages. No
obvious differences were observed in OS, CSS, and PFS in the presence of positive LVI and high-level SII in organ-
confined diseases (Figure 2A—C). Nevertheless, in non-organ-confined diseases, the concurrence of positive LVI and
high-level SII markedly exerted an adverse effect on OS, CSS, and PFS (all p < 0.05) (Figure 2D-F).
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based on LVI and SII.
Abbreviations: UTUC, upper tract urothelial carcinoma; LVI, lymphovascular invasion; SlI, systemic immune-inflammation index.
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Figure 2 Kaplan-Meier analyses for overall survival (A and D), cancer-specific survival (B and E), and progression-free survival (C and F) in patients with organ- (A—C) and
non-organ-confined (D-F) UTUC who were divided into four groups by the presence of LVI and SII.
Abbreviations: UTUC, upper tract urothelial carcinoma; LVI, lymphovascular invasion; SlI, systemic immune-inflammation index.

Integrating LVI and Sll as a Useful Marker of Predicting Survival

In a Cox proportional hazards regression model (Table 2), multivariate analyses showed that other than tumor location
involving both pelvis and ureter, advanced pT stage, and LN metastasis, the concurrence of positive LVI and high-level
SII was significantly associated with poorer OS, CSS, and PFS than either or one risk factor alone, which indicated to be

an independent prognosticator.
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Table 2 Univariate and Multivariate Cox Regression Analyses for Predicting Overall Survival, Cancer-Specific Survival, and Progression-Free Survival in Patients Treated with Radical

Nephroureterectomy for Upper Tract Urothelial Carcinoma

Overall Survival Cancer-Specific Survival Progression-Free survival
Univariate Multivariate Univariate Multivariate Univariate Multivariate
HR (95% ClI) | P-value | HR (95% CI) | P-value | HR (95% CI) | P-value | HR (95% CI) | P-value | HR (95% CI) | P-value | HR (95% CI) | P-value
Age at RNU
> 69 yr vs < 69 yr 1.269 0.270 - - 1.402 0.177 - - 1.104 0.576 - -
(0.831-1.937) (0.859-2.288) (0.781-1.561)
Gender
Female vs male 0.734 0.128 - - 0.646 0.060 - - 0.769 0.117 - -
(0.493-1.093) (0.410-1.018) (0.553-1.068)
Renal function status
(eGFR, mL/min/1.73m?)
2 60 vs < 60 1.145 0.515 - - 0.844 0.464 - - 0.946 0.745 - -
(0.762-1.722) (0.536-1.329) (0.679-1.319)
Hemodialysis
Yes vs no 0.966 0.899 - - 0.511 0.091 - - 0.764 0.265 - -
(0.565-1.652) (0.235-1.112) (0.476-1.226)
DM or HTN
Present vs absent 1.172 0.447 - - 1.062 0.799 - - 1.100 0.577 - -
(0.779-1.762) (0.670-1.681) (0.787-1.539)
Hematuria
Yes vs no 1.033 0911 - - 0.807 0.483 - - 0.957 0.852 - -
(0.586-1.822) (0.444-1.468) (0.602—1.521)
Hydronephrosis
Yes vs no 1.104 0.712 - - 1.143 0.661 - - 0.900 0.610 - -
(0.654—1.865) (0.628-2.079) (0.601-1.348)
Prior or concomitant BC
Yes vs no 1.259 0.444 - - 1.309 0.263 - - 1.312 0.121 - -
(0.699-2.267) (0.817-2.097) (0.931-1.848)
Tumor location <0.001 <0.001 <0.001 0.001 < 0.001 <0.001
Ureter vs renal pelvis 1.305 1.843 1.271 1.775 1.079 1.620
(0.765-2.226) (1.084-3.132) (0.683-2.365) (1.097-3.246) (0.711-1.638) (1.076-2.438)
Both vs renal pelvis 3.738 3.067 4.003 2.647 2.498 2.123
(2.321-6.019) (1.941-4.847) (2.330-6.879) (1.577-4.443) (1.697-3.678) (1.453-3.102)
Tumor grade
High vs low 2.590 0.183 - - 4.029 0.166 - - 3.017 0.273 - -
(0.638-10.513) (0.560-28.986) (0.419-21.731)
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Pathological T stage
pT2 vs pTis/a/l

pT3/4 vs pTis/a/|

Lymph node involvement
pNx vs pNO

pN+ vs pNO

Tumor size

>3 cmvs<3cm

Tumor necrosis

Yes vs no

Adjuvant systemic chemotherapy

Yes vs no

LVI and SlI
LVI (=) and high Sll vs LVI (-) and low SII

LVI (+) and low Sl vs LVI (=) and low SlI

LVI (+) and high Sl vs LVI (-) and low Sl

2.077
(1.014—4.256)
5.172
(2.905-9.209)

0491
(0.325-0.743)
4,098
(2410-6.968)

1.829
(1223-2.734)

1970
(1.279-3.034)

1.408
(0.751-2.638)

2.753
(1.499-5.055)
1.995
(0.813-4.896)
7.410
(4.093-13.415)

< 0.001

<0.001

0.003

0.002

0.286

<0.001
0.001

0.132

<0.001

1.030
(0.499-2.124)
2.483
(1.312-4.700)

0.703
(0.431-1.147)
2710
(1.502—4.889)

1.009
(0.661-1.541)

1525
(0.967-2.405)

0.672
(0.419-1.079)

2110
(1.197-3.720)
1.099
(0.495-2.444)
3918
(2.168-7.078)

0.002

< 0.001

0.966

0.070

0.100

<0.001
0.010

0816

<0.001

3.634
(1.242-10.632)
12.695
(5.095-31.628)

0326
(0.200-0.533)
4.443
(2.562-7.705)

2.189
(1.375-3.485)

1.989
(1.217-3.251)

1.849
(0.975-3.507)

3.620
(1.626-8.059)
3212
(1.114-9.259)
12.278
(5.709-26.406)

< 0.001

<0.001

0.001

0.006

0.061

<0.001
0.002

0.031

<0.001

1917
(0.662-5.549)
5771
(2.234-14911)

0615
(0.356-1.061)
2638
(1.423-4.893)

1125
(0.693-1.828)

1328
(0.792-2.229)

0.508
(0.245-1.052)

2.545
(1.198-5.410)
1.601
(0.632-4.060)
5.623
(2.679-11.801)

< 0.001

< 0.001

0.643

0.282

0.068

0.015

0.321

< 0.001

2.496
(1.325-4.700)
7.117
(4.256-11.901)

0.459
(0.328-0.641)
4.345
(2.753-6.858)

1.946
(1.395-2.715)

2254
(1.589-3.199)

2.568
(1.642-4.015)

1599
(0.979-2.613)
3.167
(1.768-5.675)
5.896
(3.750-9.272)

< 0.001

< 0.001

< 0.001

<0.001

<0.001

<0.001
0.061

<0.001

<0.001

1.575
(0.869-2.853)
3308
(1.936-5.653)

0.807
(0.550-1.182)
2578
(1.551-4.285)

1.064
(0.754-1.502)

1342
(0.926-1.944)

0.741
(0.452-1.215)

1.408
(0.895-2.216)
1.439
(0.805-2.575)
3377
(2.138-5.334)

< 0.001

< 0.001

0.725

0.120

0.234

<0.001
0.138

0.220

<0.001

Note: Significant P values (< 0.05) are in bold.

Abbreviations: RNU, radical nephroureterectomy; DM, diabetes mellitus; HTN, hypertension; BC, bladder cancer; LVI, lymphovascular invasion; Sll, systemic inflammation-immune index.
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Figure 3 ROC analyses for predictive accuracy of overall survival (A), cancer-specific survival (B), and progression-free survival (C) in UTUC patients according to the basal
model (green dot line) and adding LVI and SlI to the basal model (red solid line).
Abbreviations: ROC, receiver operating characteristic; UTUC, upper tract urothelial carcinoma; LVI, lymphovascular invasion; Sll, systemic immune-inflammation index.

Further ROC analyses evaluated the predictive ability of integrated LVI and SII for OS, CSS, and PFS in UTUC in
comparison with that of the basal model (constituted by relevant prognostic factors: pT stage, LN involvement, and tumor
grade). Adding LVI and SII to the basal model resulted in the AUCs of 0.753, 0.826, and 0.779, respectively, in
predicting OS, CSS, and PFS (all p <0.001). Incorporating LVI and SII into the basal model was demonstrated to be
superior to the basal model for predictive accuracy of survival (all p < 0.05) (Figure 3).

Discussion

Both LVI and SII have been shown as prognosticators in several types of cancer. However, the prognostic role of the
combination of LVI and SII in UTUC has not been investigated before. In this study, the addition of SII enhanced the
prognostic value of LVI in UTUC patients treated with RNU. Regarding the relationship between LVI and SII, the SII
value positively correlated with the presence of LVI in a stage-dependent manner. Concurrence of positive LVI and high-
level SII was a significant indicator of poorer OS, CSS, and PFS in UTUC after RNU, particularly in non-organ-confined
disease. Furthermore, ROC analyses revealed that combining LVI and SII was a feasible and valuable auxiliary for risk
stratification except for the TNM staging system.

To our knowledge, LVI appeared during the early metastatic process when tumor cells invaded vascular/lymphatic
channels, which presented the active and dynamic status of cancer.'”'® Bolenz et al found that LVI may enhance the risk
of tumor cell spreading due to increased peritumoral lymphatic vessel density and proliferating lymphatic endothelial
cells.'” Several studies have demonstrated that LVI in UTUC can serve as a predictive marker of disease recurrence and
progression.”>>* Moreover, increasing evidence indicated that systemic immune inflammation can mutually modulate
cancer invasion and metastasis.'>**?> Previous studies have reported that circulating immune-cell concentrations, such as
neutrophils, platelets, monocytes, and lymphocytes, played key roles in promoting tumor growth/development and
extension.'""*%7 SII, composed of serum neutrophils, platelets, and lymphocytes, was believed to mirror certain systemic
inflammatory responses to tumor aggressiveness.'® A high SII represented relatively high neutrophil and platelet counts,
as well as low lymphocyte counts, which may indicate a strong pro-tumor inflammatory response and a weak anti-tumor
immune status. Moreover, in the case of a higher SII, the increased number of circulating tumor cells was found in
hepatocellular carcinoma and small cell lung cancer.'*'> A high SII state implied enhanced viability and invasiveness of
tumor cells, thus resulting in worsening survival.

Upon considering LVI and SII to be analyzed together, we observed that the presence of LVI significantly had higher
SII values compared to the absence of LVI and positively correlated with high-level SII. The simultaneous presence of
positive LVI and high-level SII indicated a worse prognosis than positive LVI or high-level SII alone, particularly in
locally advanced diseases. Positive LVI or high-level SII alone significantly had a poorer outcome than none of positive
LVI and high-level SII. More interesting, positive LVI devoid of high-level SII did not have inferior oncologic outcomes
compared with negative LVI with high-level SII. Importantly, LVI positivity having high-level SII significantly exhibited
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a worse OS, CSS, and PFS than that lack of high-level SII. Furthermore, our study confirmed that high-level SII and
positive LVI was an independent factor for predicting a poorer OS, CSS, and PFS in patients with UTUC after RNU in
multivariate analysis. Herein, our results demonstrated that SII increased the clinical significance of LVI in predicting
prognosis in patients with UTUC after RNU. These results may be explained by the fact that significant immune-
inflammation which was implied by high-level SII may enhance or alter UTUC tumors’ malignant behaviors during LVI.
So, we supposed that when LVI has occurred, inflammatory immune cells participating in the tumor microenvironment
played a role in promoting tumor cells’ invasiveness/dissemination and viability. As such, combining these two factors
led to an unfavorable outcome. However, the crosstalk between inflammatory immune cells and the aggressive behavior
of cancer cells during LVI remains ill-defined in UTUC and requires further investigation.

Recently, large-scale studies have examined the prognostic significance of LVI and peripheral systemic inflammation-
based index in non-metastatic UTUC.***® However, Colla Ruvolo et al recently showed that localized UTUC from Asian
patients apparently had a worse outcome than that from non-Asian populations after statistical adjustment of tumor stage,
grade, and LN invasion.?’ The differing outcomes of UTUC between Asian and other races/ethnicities potentially results
from discrepancies in the biological nature of the tumors. Moreover, LVI has been discovered as a poor prognostic factor
for patients with UTUC after RNU, but the identified impact of LVI on prognosis was not significant in some studies. The
development of a variety of new, feasible risk-stratifying methods/markers for predicting prognosis is urgently needed.
Therefore, there is still room for discussion regarding the effect of LVI in combination with pre-treatment systemic
immune-inflammation markers on survival in Asian patients with UTUC.

Notably, the advantage of our study was that it established a useful risk-stratification marker and provided new
insights into the relationship between LVI and SII, which revealed an association between the pathological characteristics
of the tumor and systemic immune-inflammation status. Furthermore, the information about SII and LVI was low-cost
and easily available in clinical practice. Integrating SII and LVI was important to efficiently identify high-risk UTUC
patients with unfavorable outcomes who may benefit from adjuvant chemotherapy or immunotherapy after RNU.
Nevertheless, the detail of the biological mechanisms regarding LVI and SII remain uncertain in UTUC. In the future,
it is essential to clarify an association between LVI and tumor immune cell infiltration in the tumor microenvironment, as
well as to determine how inflammatory immune cells populating the tumor microenvironment promote cancer cell
aggressiveness during LVI, such as proliferation, migration, and invasion. Meanwhile, it is also important to explore
more specific molecular markers from tissue samples, serum, or urine, subsequently facilitating efficient and prompt
clinical decision-making for precision medicine treatment in high-risk UTUCs.

Our study had several limitations. First, this retrospective study was performed in a single medical center in Taiwan,
which may cause a selection bias. Prospective designed studies and more patients from other countries are necessary for
the external validation of our findings. Second, patients who did not undergo RNU were excluded. This might have led to
underestimation of the effectiveness of pure chemotherapy in locally advanced UTUC. Third, the underlying biological
mechanisms to explain associated findings were not available, which might have reduced the strength of our conclusions.
In addition, our study lacked some relevant molecular markers associated with more precise and targeted treatment, such
as PD-1/PD-L1, PI3K, cyclin D, Ki-67, and FGFR 2/3 mutations.

Conclusion

The integration of LVI and SII as a new promising combination marker has an important clinical application value in
predicting the prognosis of UTUC after RNU, except for the conventional TNM stage. Therefore, the clinical use of LVI
and SII will help optimize the risk stratification of patients for individualized treatment planning. Due to this retro-

spective study, however, future prospective investigation and external validation are warranted.
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