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Purpose: To improve the preoperative prediction of the outcomes of patients diagnosed with
upper tract urothelial carcinoma (UTUC) treated with radical nephroureterectomy (RNU), we
explored various preoperative laboratory factors and established a prognostic risk stratification
method.

Patients and Methods: We retrospectively reviewed 232 UTUC patients who underwent
RNU from September 2010 to October 2019 and analyzed their comprehensive clinicopatho-
logic data and preoperative blood-based biomarkers. Kaplan—-Meier analysis, receiver-
operating characteristic (ROC) curves analysis and Cox regression analysis were performed
to assess the relationship between these factors and the prognosis.

Results: The median follow-up and age were 24 months and 68.5 years, respectively.
Preoperative elevated neutrophil-to-lymphocyte ratio (NLR > 3.44) and decreased albumin
(ALB < 39.8 g/L) were negatively correlated with progression-free survival (PFS), cancer-
specific survival (CSS) and overall survival (OS) in both univariate and multivariate analyses.
Patients were sorted into three groups based on their NLR and ALB: the low-risk group (neither
elevated NLR nor decreased ALB), intermediate-risk group (either elevated NLR or decreased
ALB) and high-risk group (elevated NLR and decreased ALB). Their 5-year PFS rates were
77.8%, 52.6% and 32.3%; their 5-year CSS rates were 97.7%, 71.4% and 32.9%; and their 5-year
OS rates were 92.7%, 70.4% and 29.2%, respectively (all P < 0.0001). ROC curves analysis
showed that NLR plus ALB had a more accurate prognostic value (P < 0.05).

Conclusion: Preoperative risk classification using NLR and ALB was identified as an
independent prognostic factor for patients with UTUC. The combination of NLR and ALB
may help to determine the most appropriate treatment options before RNU.

Keywords: neutrophil-to-lymphocyte ratio, albumin, upper tract urothelial carcinoma,
radical nephroureterectomy, risk classification

Introduction

Upper tract urothelial carcinoma (UTUC), including ureter carcinoma and renal
pelvicalyceal, is infrequent and only accounts for 5-10% of urothelial carcinomas.'
Regardless of the actual site of the tumor, radical nephroureterectomy (RNU) is the
first choice for the treatment of UTUC.? Despite the accuracy of diagnosis and the
surgical resection of UTUC having been improved in the past few years, the survival
outcomes of UTUC patients have not significantly improved.®

submit your manuscript

Dove n

http:

in 3

Cancer Management and Research 2020:12 9023-9032 9023
© 2020 Thao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
FamrTm 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati g/li /by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-3391-1041
mailto:doctorghq@gmail.com
mailto:doctoryr@gmail.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Zhao et al

Dove

Thus, recognizing the prognostic factors of UTUC after
RNU to guide timely treatment is important. The current
prognostic factors are mostly postoperative data, and pre-
operative prognostic factors have hardly been assessed.*
Although pathological parameters have a strong predictive
accuracy for the clinical outcome, this information cannot
be obtained before surgery. Recently, a negative correla-
tion between systemic inflammation and tumor prognosis
has been reported, which can help guide the use of neoad-
juvant therapy.’ Patients routinely undergo the measure-
ment of blood-based markers before surgery, and there is
ample evidence that serum biomarkers reflect systemic
inflammation, such as albumin (ALB), globulin (GLB),
albumin-globulin ratio (AGR), neutrophil-to-lymphocyte
ratio (NLR), platelet count (PLT), etc., which can all be
used as prognostic indicators for a variety of cancers.®'°
However, the preoperative blood-based markers that have
prognostic value for UTUC have not yet been fully
studied.

Herein, we aimed to assess the value of these blood-
based biomarkers in forecasting adverse pathological con-
ditions and patient outcomes. Our goal was to establish
a prognostic classification model that could be used before

surgery.

Patients and Methods

Patients

We retrospectively analyzed the data of 332 UTUC
patients undergoing RNU from September 2010 to
October 2019. Patients with missing data, the presence of
other carcinomas, or those who had received neoadjuvant
chemotherapy (NAC) or radiotherapy before surgery were
excluded (n = 100). Therefore, a total of 232 patients were
analyzed retrospectively. Lymphadenectomy was imple-
mented if a suspicious lymph node status was revealed
by preoperative imaging reports or positive lymph nodes
were found during the operation.

Clinical and Pathologic Data

Experienced pathologists examined all surgical specimens in
accordance with standard procedures. All serum biomarker
levels were measured 1 day after the patients were hospita-
lized. Preoperative elevated NLR was defined as > 3.44,
reduced ALB was defined as < 39.8 g/L, elevated GLB was
defined as > 28.7 g/L, reduced AGR was defined as < 1.39
and an increased PLT was defined as > 254 x 10°/L. We
determined the cutoff values of these serum biomarkers by

using ROC curves analysis and evaluated the following
clinical and pathological data to identify the relevant factors
for prognostication: age at diagnosis of UTUC, sex, patholo-
gic tumor stage (assessed by the TNM classification),'’
tumor grade (evaluated by the WHO International Society
of Urological Pathology consensus classification), pathologic
lymph node status (pNO, pNx or pN+), tumor size (we
determined a threshold of 3.5 cm using ROC curves),
tumor location (renal pelvicalyceal or ureter or both), tumor
multifocality (two or more tumors were found), lymphovas-
cular invasion (LVI) (the presence of malignant cells in the
endothelial cell line), surgical margin status (the presence of
malignant cells at the edge of the surgical specimen) and
tumor histology (papillary tumor).

Follow-Up

Patients were usually examined at least once every 3—4
months in the first year, every 6 months in the second year,
and at least once a year thereafter. The follow-up exam-
inations included a cystoscopic examination, urine cytol-
ogy, blood
tomography (CT) or ultrasound and chest radiography. If

physical examination, tests, computed
there were clinical indications, a selective bone scan was
performed. Disease progression was defined as a local
recurrence, lymph node metastasis and/or distant metasta-
sis that was not detected before the operation. The pro-
gression-free survival (PFS) was defined as the date of
nephroureterectomy to the date of first progression on
imaging examination, the cancer-specific survival (CSS)
was defined as the date of nephroureterectomy to the date
of cancer-specific mortality, and the overall survival (OS)

was the date of followed-up death caused by any reason.

Statistics

All continuous variables are shown as median values and
ranges. Pearson’s chi-square test and Fisher’s exact test were
used to compare the distribution of categorical variables.
Differences in variables with a continuous distribution
among the three groups were tested using one-way ANOVA.
Univariate and multivariate Cox regression analyses were
implemented to assess the relationships among the parameters
and PFS, CSS, and OS. Blood-based biomarkers and clinical/
pathological features that reached significance P < 0.05 in
univariate Cox regression analysis were included in the multi-
variate Cox regression analysis. Kaplan—Meier analysis was
used to determine the survival probability, and the Log rank
test was used to compare the differences among the groups.
ROC curve analysis was used to compare the prognostic
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values of NLR alone, ALB alone and NLR plus ALB for
predicting survival outcomes. IBM SPSS Statistics version
26.0 (IBM, Armonk, New York, USA) was used to perform
all statistical analyses, except for the Kaplan—Meier analysis
and the comparisons of the ROC curves, which were per-
formed using MedCalc version 19.1 (https://www.med

calc.org).

Results

Table 1 lists the clinical/pathological features of 232
patients. The median age of the patients in this cohort
was 68.5 years (range: 36-87) and the median follow-up
was 24 months (range: 3—104). The median preoperative
NLR was 2.56 (range: 0.85-22.44), and 61 (26.3%)
patients had an elevated preoperative NLR. The median
preoperative ALB was 39.75 g/L (range: 27.6-70.8), and
116 (50.0%) patients had a decreased preoperative ALB.
Among them, most of the patients were male (67.2%), and
200 patients (86.2%) had a high-grade tumor. There were

Table | Clinicopathologic Features for the Overall Cohort of
232 Patients with UTUC After RNU

Parameters

All Patients

Gender, Male, n (%)

Age at UTUC (yrs.), median (range)
Follow-up (months), median (range)
pT-stage, > T2, n (%)
pN-stage, N+, n (%)

Tumor grade, High, n (%)
Tumor size, > 3.5 cm, n (%)
Location, n (%)

Pelvis

Ureter

Both

Multifocality, n (%)

LVI present, n (%)

Surgical margin: positive, n (%)
Papillary: present, n (%)

Lymph nodes removed, n (%)
Progression, n (%)

Recurrence, n (%)

Metastasis, n (%)
Cancer-specific mortality, n (%)
Overall mortality, n (%)

NLR, median (range)

ALB, g/L, median (range)

GLB, g/L, median (range)

AGR, median (range)

PLT (x10%/L), median (range)

156 (67.2%)
68.5 (36-87)
24 (3-104)
105 (45.3%)
15 (6.5%)
200 (86.2%)
97 (41.8%)

111 (47.8%)
98 (42.2%)

23 (10.0%)

35 (15.1%)

40 (17.2%)

15 (6.5%)

194 (83.6%)

81 (34.9%)

58 (25.0%)

26 (11.2%)

32 (13.8%)

38 (16.4%)

44 (19.0%)

2.56 (0.85-22.44)
39.75 (27.6-70.8)
25.65 (14.7-50.7)
1.58 (0.71-2.67)
204 (44-698)

Abbreviations: LVI, lymphovascular invasion; NLR, neutrophil-to-lymphocyte
ratio; ALB, albumin; GLB, globulin; AGR, albumin-globulin ratio; PLT, platelet count.

111 cases (47.8%) of renal pelvic tumors, 98 cases
(42.2%) of wureteral tumors, and 23 cases (10.0%) of
tumors in both sites. Pathologic stage > T2 was diagnosed
in 105 (45.3%) patients, a positive surgical margin was
found in 15 (6.5%) patients, a positive lymph node was
found in 15 (6.5%) patients and LVI was found in 40
(17.2%) patients. In all, 34.9% (81) of the patients under-
went local or extended lymphadenectomy. Local recur-
rence occurred in 26 (11.2%) patients and lymphatic
spread and/or distant metastasis occurred in 32 (13.8%)
patients during the follow-up period. There were 38
(16.4%) patients who died because of UTUC and 44
(19.0%) patients died from all causes. The 3-year PFS,
CSS and OS were 70.9%, 81.5% and 78.9%; and the
5-year PFS, CSS and OS were 60.9%, 75.6% and 71.5%,
respectively.

First, we analyzed the prognostic value of the
reported predictive clinicopathological parameters for
PFS, CSS and OS (Table 2). Univariate Cox regression
analysis showed that NLR, ALB, LVI, pN-stage (N+) and
positive surgical margin were associated with a shorter
PFS, CSS, and OS (all P < 0.05). Although globulin
(GLB), albumin-globulin ratio (AGR), platelet count
(PLT), pT-stage (> T2), present papillary and tumor
grade were related to a shorter CSS and OS, they were
not associated with a shorter PFS. Blood-based biomar-
kers and clinical/pathological features that reached sig-
nificance P < 0.05 for PFS, CSS, and OS by univariate
Cox regression analysis were included in the multivariate
Cox regression analysis. Multivariate Cox analysis
revealed that elevated preoperative NLR, decreased
ALB, and positive surgical margins were independent
clinical risk predictors for shorter PFS, CSS and OS (all
P < 0.05) (Table 3).

Second, we performed Kaplan—-Meier analysis to
assess the risk classification of preoperative NLR and
ALB. Patients with an elevated preoperative NLR had
significantly worse PFS, CSS and OS (all P < 0.0001)
(Figure 1). The patients with an ALB > 39.8 g/L had
significantly better PFS, CSS and OS (all P < 0.001)
than those with an ALB < 39.8 g/L (Figure 2). ROC
curve analysis showed that both NLR and ALB had
diagnostic value for PFS, CSS, and OS (all P < 0.05)
(Figures 3 and 4). These results indicated that NLR and
ALB are useful predictors of PFS, CSS, and OS in
UTUC patients after RNU.

Finally, we developed a preoperative risk classification
model for patients with UTUC using preoperative NLR
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Table 2 Univariate Analyses of the Risk of Disease Progression, Cancer-Specific Mortality and Overall Mortality

Variables Disease Progression Cancer-Special Mortality Overall Mortality
HR (95% CI) P HR (95% CI) P HR (95% CI) P

NLR > 3.44 2.948 (1.748—4.973) 0.000% 7.069 (3.609—13.845) 0.000" 6.482 (3.499-12.007) 0.000"
ALB < 398 g/L 2.669 (1.530—4.658) 0.001% 7.590 (3.091-18.638) 0.000" 6.297 (2.860—13.865) 0.000"
GLB > 287 g/L 1.209 (0.669-2.185) 0.529 2.812 (1.478-5.352) 0.0021 2.651 (1.455—4.830) 0.0017
AGR < 1.39 1.438 (0.815-2.537) 0.210 4.088 (2.153-7.762) 0.000" 4.034 (2.224-7.315) 0.000"
PLT > 254 x10%/L 1.224 (0.648-2.313) 0.533 2.972 (1.529-5.777) 0.001% 2,611 (1.394-4.891) 0.003"
Gender, Male 0.779 (0.449-1.353) 0.375 0.922 (0.475-1.789) 0.810 0.994 (0.540-1.830) 0.985
Age 1.027 (1.000-1.054) 0.051 1.009 (0.978-1.041) 0.557 1.007 (0.978-1.036) 0.657
pT-stage, > T2 1.659 (0.989-2.783) 0.055 4273 (2.072-8.816) 0.000% 3.690 (1.927-7.069) 0.000"
pN-stage, N+ 2.960 (1.262-6.946) 0.013% 2.961 (1.040-8.432) 0.0421 3.365 (1.273-8.375) 0.014F
Tumor size, > 3.5 cm 1.418 (0.844-2.382) 0.187 2.893 (1.494-5.600) 0.0021 2.679 (1.458-4.923) 0.001%
Location (vs Pelvis) 0618 0.783 0.843
Ureter 1.224 (0.706-2.123) 0.471 1.270 (0.647-2.495) 0.423 1.183 (0.631-2.219) 0.600
Both 1.456 (0.627-3.381) 0.382 1.183 (0.395-3.541) 0.764 1.233 (0.460-3.304) 0.677
Multifocality 2.045 (1.120-3.735) 0.020% 1.911 (0.902—4.049) 0.091 2.057 (1.037—4.080) 0.0391
LVI present 2.476 (1.367—4.485) 0.003% 6.077 (3.115—11.854) 0.000% 5.204 (2.782-9.733) 0.000"
Surgical margin: positive 2.964 (1.404-6.256) 0.004" 3.781 (1.664-8.592) 0.001F 3.749 (1.742-8.069) 0.0017
Papillary: present 0.555 (0.299-1.032) 0.063 0.373 (0.188-0.740) 0.005% 0.456 (0.234-0.885) 0.0201
Tumor grade, high 1.686 (0.722-3.937) 0.228 7.730 (1.058-56.500) 0.0441 8.984 (1.234-65.389) 0.0301

Note: Statistically significant.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; ALB, albumin; GLB, globulin; AGR, albumin-globulin ratio; PLT, platelet count; LVI, lymphovascular invasion.

and ALB (NLR plus ALB). We defined patients with both
elevated preoperative NLR and decreased ALB as the
high-risk group (n = 44, 19%), those with either elevated
preoperative NLR or decreased ALB as the intermediate-
risk group (n = 89, 38%), and those with neither elevated
preoperative NLR nor decreased ALB as the low-risk
group (n = 99, 43%). The clinicopathological characteris-
tics of the different risk groups (Table 4) showed that NLR
plus ALB was associated with pT-stage (P = 0.000), pN-
stage (P = 0.026), tumor size (P = 0.000), LVI present (P =
0.039) and the prognosis (P = 0.000). Kaplan—-Meier ana-
lysis revealed that there were significant differences in the
survival outcomes among the three groups (all P < 0.001).
The 5-year PFS was 77.8 £ 6.0%, 52.6 + 9.9%, and 32.3 +

11.8%; the 5-year CSS was 97.7 + 1.6%, 71.4 + 8.3% and
32.9 + 10.5%; and the 5-year OS was 92.7 + 3.9%, 70.4 +
8.2% and 29.2 + 9.6% for low-risk group, intermediate-
risk group and high-risk group, respectively (Figure 5).
ROC curve analysis showed that NLR plus ALB had
a greater diagnostic value than NLR alone or ALB alone
regarding CSS and OS (all P< 0.05) (Figure 6).

Discussion

In the present study, we have demonstrated that ele-
vated preoperative NLR and decreased ALB are inde-
pendent prognostic factors for patients with UTUC and
can be used as predictors of patient outcomes before
surgery. We also proved that the risk stratification

Table 3 Multivariate Analyses for Risk of Disease Progression, Cancer-Specific Mortality and Overall Mortality

Variables Disease Progression Cancer-Special Mortality Overall Mortality

HR (95% CI) P HR (95% CI) P HR (95% CI) P
NLR > 3.44 2.501 (1.441-4.339) 0.001% 5.226 (2.522-10.829) 0.000% 4.949 (2.550-9.606) 0.000%
ALB < 39.8 g/L 1.945 (1.079-3.507) 0.027¢ 4.127 (1.629-10.457) 0.003" 3.495 (1.534-7.9¢61) 0.003"
LVI present 1.718 (0.876-3.366) 0.115 4.553 (2.261-9.171) 0.000% 3.812 (1.972-7.372) 0.000%
pN-stage, N+ 1.725 (0.647—4.603) 0.276 0.985 (0.321-3.024) 0.978 1.200 (0.434-3.317) 0.726
Surgical margin: positive 2.664 (1.244-5.702) 0.012t 3.969 (1.667-9.450) 0.0021 3.825 (1.715-8.530) 0.001%

Note: Statistically significant.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; ALB, albumin; LVI, lymphovascular invasion.
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Figure | Kaplan—Meier estimates of progression-free survival, cancer-specific survival, and overall survival rates
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Figure 2 Kaplan—Meier estimates of progression-free survival, cancer-specific survival, and overall survival rates according to preoperative ALB: (A) Progression-free
survival; (B) Cancer-specific survival; (C) Overall survival. ***P < 0.001.

based on preoperative NLR and ALB can accurately
predict patient outcomes. As far as we know, this is the

Currently, the main restriction of treatment plans for
UTUC patients is the difficulty in achieving accurate staging

first proposal to use the combined preoperative NLR  before surgery. The tissue obtained by preoperative endo-

and ALB to classify risk groups among UTUC patients.
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Figure 4 ROC curves predicting disease progression, cancer-specific survival, and overall survival according to preoperative ALB: (A) Progression-free survival; (B) Cancer-

specific survival; (C) Overall survival. *P < 0.01; ***P < 0.001.

grade, but only rarely determine the tumor stage.'? In addi-
tion, preoperative imaging studies are often inaccurate for
staging. The poor accuracy of clinical staging inhibits our
capacity to classify high-risk patients who are most likely to
deteriorate and possibly benefit from NAC.

Due to limited studies on UTUC, the NAC for UTUC
is derived from that used to treat bladder cancer."
Compared to immediate cystectomy in muscle-invasive
bladder cancer, platinum-based neoadjuvant therapies
have shown significant survival benefits.'* Because RNU
will cause nephron loss, patients may have difficulty with

cisplatin-based adjuvant chemotherapy after surgery.
Therefore, NAC may be more suitable for high-risk
patients with UTUC than adjuvant chemotherapy. Several
retrospective studies have evaluated the use of NAC to
improve the survival of patients with UTUC.'>"'® Ongoing
Phase II and Phase III clinical trials of NAC and adjuvant
therapy applied to patients with UTUC will provide soun-
der guidance.

Meanwhile, it is important to determine the most
suitable patients for NAC to increase the pathological
downgrading rate and to improve survival outcomes.'’

Table 4 Chi-Square and One-Way ANOVA Tests for Clinicopathological Features in Different Risk Groups

All Patients | Low-Risk Group | Intermediate-Risk Group | High-Risk Group | P-value
Number of patients (%) 232 (100%) 99 (42.7%) 89 (38.4%) 44 (19.0%) -
Gender, Male, n (%) 156 (67.2%) 68 (68.7%) 61 (68.5%) 27 (61.4%) 0.653
Age at UTUC (yrs.), median (range) | 68.5 (36-87) 67.0 (43-85) 70.0 (36-87) 69.5 (42-85) 0.101
pT-stage, > T2, n (%) 105 (45.3%) 34 (34.3%) 40 (44.9%) 31 (70.5%) 0.000%
v 15 (6.5%) 2 (2.0%) 7 (7.9%) 6 (13.6%) 0.0261
Tumor grade, High, n (%) 200 (86.2%) 83 (83.8%) 76 (85.4%) 41 (93.2%) 0314
Tumor size, > 3.5 cm, n (%) 97 (41.8%) 29 (29.3%) 40 (44.9%) 28 (63.6%) 0.000%
Location, n (%) 0.990
Pelvis 111 (47.8%) 49 (49.5%) 41 (46.1%) 21 (47.7%)
Ureter 98 (42.2%) 40 (40.4%) 39 (43.8%) 19 (43.2%)
Both 23 (9.9%) 10 (10.1%) 9 (10.1%) 4 (9.1%)
Multifocality, n (%) 35 (15.1%) 10 (10.1%) 18 (20.2%) 7 (15.9%) 0.151
LVI present, n (%) 40 (17.2%) 12 (12.1%) 15 (16.9%) 13 (29.5%) 0.039%
Surgical margin: positive, n (%) 15 (6.5%) 3 (3.0%) 7 (7.9%) 5 (11.4%) 0.138
Papillary: present, n (%) 194 (83.6%) 88 (88.9%) 73 (82.0%) 33 (75.0%) 0.102
Progression, n (%) 58 (25.0%) 14 (14.1%) 24 (27.0%) 20 (45.5%) 0.000%
Cancer-specific mortality, n (%) 38 (16.4%) 2 (2.0%) 15 (16.9%) 21 (47.7%) 0.000%
Overall mortality, n (%) 44 (19.0%) 4 (4.0%) 16 (18.0%) 24 (54.5%) 0.000%

Note: Statistically significant.
Abbreviation: LVI, lymphovascular invasion.
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Figure 5 Kaplan—Meier estimates of progression-free survival, cancer-specific survival, and overall survival rates according to different risk groups: (A) Progression-free

survival; (B) Cancer-specific survival; (C) Overall survival. ***P < 0.001.

If the patient’s tumor stage decreases after receiving
NAC, the treatment plan may be re-evaluated according
to the tumor stage. Therefore, it is important to identify
risk stratification factors for UTUC patients before sur-
gery. Several prognostic models have been reported,
including the use of clinical and pathological variables
to predict survival outcomes after RNU, but none have
been validated externally.'® The limitation of these mod-
els is that they mainly include postoperative variables,
and therefore cannot be used for preoperative risk strati-
fication. It has been reported that some preoperative
biomarkers, including molecular markers assessed by
immunohistochemistry on preoperative tumor biopsy tis-
sue, can increase the accuracy of prognostication of
UTUC." However, these molecular markers require spe-
cial tests to be performed and they require a certain
amount of intact tissue for evaluation.

A Progression-free survival

100 100
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Sensitivity

401~ a0l

20—

B Cancer-specific survival

There is increasing evidence that preoperative blood-
based biomarkers can serve as prognostic indicators for
UTUC.?*?! The European Association of Urology guide-
lines updated in 2017 has suggested preoperative NLR as
a prognostic factor for CSS in UTUC.? Patients with
UTUC routinely undergo laboratory tests, including
blood tests and biochemical tests, before surgery.
Therefore, wusing these laboratory parameters in
a prognostic model could provide potentially prognostic
information without increasing costs. In this research, we
retrospectively analyzed data from 232 UTUC patients
who underwent RNU to explore the prognostic signifi-
cance of preoperative serum biomarkers: NLR, ALB,
AGR and PLT. Although univariate Cox regression ana-
lysis showed that GLB, AGR and PLT were associated
with CSS and OS, NLR and ALB were the most signifi-
cant and were also related to PFS. Moreover, according

to the results of the Kaplan—-Meier and ROC curve
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Cancer Management and Research 2020:12

submit your manuscript

9029

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhao et al

Dove

analyses, preoperative NLR and ALB are significant pre-
dictors of PFS, CSS, and OS in UTUC patients after
RNU. Thus, we developed a preoperative risk classifica-
tion model for patients with UTUC using preoperative
NLR and ALB.

Kaplan—Meier analysis showed that the high-risk group
had significantly worse PFS, CSS and OS than the other
groups. The ROC curve analysis also showed that NLR
plus ALB had a greater diagnostic value than NLR or ALB
alone regarding CSS and OS. Considering the differences
in 5-year survival rates among the different groups, the
treatment options for patients in these different risk groups
should be individualized. For the low-risk group, since the
patients have a 5-year survival rate greater than 90%,
adjuvant chemotherapy may not be needed to avoid over-
treatment. For the high-risk group, these patients may have
higher staging and poor survival outcomes, so they may
benefit more from NAC."” For the intermediate-risk group,
the treatment options should be considered comprehen-
sively. Therefore, this preoperative risk -classification
model using NLR and ALB will be a valuable tool for
predicting survival outcomes and for guiding treatment
options in UTUC patients.

In this study, the results raised the question of how
preoperative elevated NLR and decreased ALB are related
to the survival outcomes of UTUC after RNU. There is
increasing evidence that chronic inflammation may be
associated with the occurrence and progression of malig-
nant tumors through multiple inflammatory signaling
pathways.”> However, the best biomarkers have not yet
been found. The NLR has been considered as an accurate,
simple, cheap, standardized and widely available index of
systemic inflammation, and it is associated with a worse
prognosis of several types of cancers, including UTUC.*
An elevated NLR may imply an increase in tumor-
associated neutrophils and/or a decrease in lymphocytes,
which reflects the imbalance of tumor immunity and
Studies that
associated neutrophils have a pivotal role in the tumor

inflammation.** have shown tumor-
microenvironment, promoting extracellular matrix modifi-
cation and further activation of epithelial-mesenchymal
transformation.”>?®  Moreover, lymphopenia has been
reported as an independent predictor of poor survival in
several carcinomas, and the increase of tumor-infiltrating
lymphocytes is related to cytotoxic treatment and an
improved prognosis of cancer patients.”’

ALB is mainly manufactured by the liver and is not

only considered as a nutritional marker, is but also used to

assess the inflammatory status of patients.”® Low levels of
albumin, also called hypoalbuminemia, might due to the
increases of catabolism, inflammatory responses and
chronic malnutrition.”” A deficiency of nutritional status
is often correlated with impaired immune responses,
including a decrease in cell-mediated immunity and
reduced complement system components. Therefore,
a few studies have suggested that low serum albumin
independently predicts poor oncology outcomes for
UTUC after RNU.*

It is reasonable to believe that systemic inflammation
has a pivotal role in the survival outcomes of UTUC
patients after RNU. Although there is increasing evidence
of an association between systemic inflammation and poor
oncological outcomes in patients with various malignan-
cies, the underlying mechanisms of these phenomena have
not been fully elucidated. One possible explanation is that
the tumor inflammatory microenvironment may be critical
for cancer development and progression. The inflamma-
tory tumor microenvironment enables tumor cells to avoid
immune responses, facilitates the production of cytokines,
and promotes tumor development and metastasis.
Inflammation is also thought to be a pivotal event in the
early development of cancer.>' Both NLR and ALB are
good indicators of inflammation, and the combination of
NLR and ALB can more comprehensively reflect the
inflammatory status of UTUC patients, which helps us to
judge the prognosis of patients more accurately.

The present study also had several limitations. First, it
is a retrospective study with a limited number of cases
from a single center, which may cause various biases.
Second, the operating techniques (open vs laparoscopic
surgery vs robotic assisted laparoscopic surgery, lympha-
denectomy or not) differed among the patients. Third,
other inflammatory factors were not calculated, including

the levels of CRP, fibrinogen, and inflammatory cytokines.

Conclusions

Elevated preoperative NLR and decreased ALB were identi-
fied as independent prognostic factors of oncological out-
comes in UTUC patients who underwent RNU. The addition
of ALB improved the prognostic significance of NLR alone.
Thus, we recommend a sample risk classification model based
on NLR and ALB, which may be routinely used in clinical
practice to provide an objective preoperative prognostic
assessment. Our research requires more validation, such as
additional data from multicenter and prospective studies.
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