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KEYWORDS Abstract Objective: Several inflammatory markers have been studied as potential bio-
Renal cell carcinoma; markers in renal cell carcinoma (RCC), however few reports have analyzed their prognostic
Inflammation; value in aggregate and in non-clear cell histologies. We hypothesize that a combination of spe-
Prognosis; cific inflammatory markers into an RCC Inflammatory Score (RISK) could serve as a rigorous
Biomarker prognostic indicator of overall survival (OS) in patients with clear cell and non-clear cell RCC.

Methods: Combination of preoperative C-reactive protein (CRP), albumin, erythrocyte sedi-
mentation rate (ESR), corrected calcium, and aspartate transaminase to alanine transaminase
(AST/ALT) ratio was used to develop RISK. RISK was developed using grid-search methodology,
receiver-operating-characteristic (ROC) analysis, and sensitivity-specificity trade-off analysis.
Prognostic value of RISK was analyzed using the Kaplan—Meier method and Cox proportional
regression models. Predictive accuracy was compared with RISK to Size, Size, Grade, and Ne-
crosis (SSIGN) score, University of California-LOS Angeles (UCLA) Integrated Staging System
(UISS), and Leibovich Prognosis Score (LPS).
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Results: Among 391 RCC patients treated with nephrectomy, area under the curve (AUC) for
RISK was 0.783, which was comparable to SSIGN (AUC 0.776, p = 0.82) and UISS (AUC 0.809,
p = 0.317). Among patients with localized disease, AUC for RISK and LPS was 0.742 and
0.706, respectively (p = 0.456). On multivariate analysis, we observed a step-wise statistically
significant inverse relationship between increasing RISK group and OS (all p < 0.001).

Conclusion: RISK is an independent and significant predictor of OS for patients treated with ne-
phrectomy for clear cell and non-clear cell RCC, with accuracy comparable to other histopath-

ological prognostic tools.

© 2017 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Of the 61,500 new cases of renal cell carcinoma (RCC) each
year in the US, 70% will have localized disease on initial
presentation with potential for curative nephrectomy [1].
Assessment of clinical outcome after surgery, while much
improved with modern tools, remains imperfect, with 30%
of patients developing metastases and eventually suc-
cumbing to their disease [2]. In fact, the development of
metastatic disease reduces 5-year survival from >80% to
approximately 10% [2,3]. With recent advancements in
medical therapies, prognosis can be improved in select
populations, with median overall survival (OS) surpassing
2 years [4]. Therefore, recent research has focused on
methods to better identify high-risk patients for consider-
ation of adjuvant therapy, increased surveillance, and
enrollment into clinical trials.

Historically, risk stratification of patients with RCC was
predominantly based on histopathological features as re-
flected by the TNM staging system and Fuhrman nuclear
grade (FNG). However, recent studies attempting to validate
the TNM staging system in patients with RCC showed mixed
outcomes between stages and insufficient ability to differ-
entiate high-risk disease [5]. In order to improve prognostic
ability, various centers have developed integrative prog-
nostic tools such as University of California Integrated Staging
System (UCLA-UISS), Mayo Clinic Stage Size Grade Necrosis
(SSIGN) score, and Leibovich Prognosis Score (LPS) [6—9].
Though these tools are clinically useful and offer improved
assessment of prognosis, they rely on surgical specimens
obtained via invasive procedures, and also depend on
potentially subjective pathological evaluations [10].

In the setting of a continued need for accurate prog-
nostication for RCC patients, development of an afford-
able, convenient, and reliable preoperative prognostic tool
is timely and indicated. With recent advancements in the
understanding of cancer pathogenesis, it is well established
that the host inflammatory response plays an integral role
in disease progression. Over a decade of research has
yielded several systemic inflammatory markers as prog-
nostic biomarkers, most notably a combination of C-reac-
tive protein (CRP) and albumin into the Glasgow Prognostic
Score (GPS), which has been shown to be a robust predictor
of OS in RCC and other solid organ cancers [11,12]. Several
other inflammatory markers, including erythrocyte sedi-
mentation rate (ESR), calcium, aspartate transaminase to

alanine transaminase (AST/ALT, DeRitis) ratio and various
hematological markers have also been shown to have
prognostic value [13—16]. However, few reports have
evaluated their prognostic value in aggregate, for non-clear
cell histologies, and in comparison to currently utilized
histopathological tools.

In this study, we hypothesize that a combination of pre-
operative CRP, albumin, ESR, corrected calcium, and AST/
ALT ratio into an RCC Inflammatory Score (RISK) could serve
as a rigorous prognostic indicator of OS in RCC. Notably, we
aim to evaluate RISK in both clear cell and non-clear cell
histologies, and compare the prognostic ability of RISK to
commonly utilized histopathological prognostic tools.

2. Materials and methods
2.1. Patients

Patients that underwent nephrectomy for localized and
metastatic RCC between 2007 and 2014 were retrospectively
queried from our institutional database. The decision to
perform radical, partial, or cytoreductive nephrectomy was
based on tumor size and presence of metastases. All patients
that developed metastases underwent targeted therapy ac-
cording to standard of care. Patients with benign tumors or
mucinous tubular and spindle cell carcinoma were excluded
from the study cohort. We also excluded patients with un-
available preoperative laboratory results according to the
criteria below or if age was less than 18 years. We identified
sub-cohorts diagnosed with clear cell versus non-clear cell
RCC (Fig. 1). Our Institutional Review Board approved this
protocol and written consent was obtained from all partici-
pants before involvement in the study.

2.2. Clinical and laboratory assessment

Patients were staged pathologically according to the 2009
TNM staging system for renal tumor classification [17]. All
histological 2002 American Joint Committee on Cancer
(AJCC) classifications were converted to 2009 classifica-
tions. Tumors were also graded via FNG criteria [18]. Pre-
operatively, we assessed clinical T stage, Eastern
Cooperative Oncology Group (ECOG) performance status,
and laboratory measurements (including CRP, albumin, ESR,
AST, ALT, and serum-corrected calcium). Postoperatively,
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Figure 1
carcinoma.

SSIGN score, UCLA Integrated Staging System (UISS), and
LPS were calculated based on previously published meth-
odologies [6—8]. Tumor size was recorded as the longest
tumor diameter recorded in the pathology report.

Patients were followed postoperatively with physical
examination, laboratory studies, and imaging. Follow-up
for this study was terminated in June 2015. We defined OS
as the time from surgery to either (a) death from any cause,
or (b) last date of follow-up (i.e., censoring).

2.3. Development of RISK

Receiver operating characteristic (ROC) analysis identified
albumin, CRP, ESR, AST/ALT ratio, and serum-corrected
calcium as significant predictors of OS in RCC, later
confirmed with grid-search methodology. Thus, the RISK
biomarker panel consisted of those serum biomarkers
measured preoperatively in accordance with their respec-
tive serum half-life. Kit information regarding specific
commercial assays used at our institution and optimal
collection time prior to surgery can be found in Table 1.
Sensitivity-specificity trade-off curves, adjusted for
interaction effect of gender, were used to find the optimal
thresholds for effective discrimination of outcome variables
and to dichotomize parameters for each variable. The pri-
mary differentiation threshold was fixed where sensitivity

Inclusion and exclusion criteria for the study. ALT, alanine transaminase; AST, aspartate transaminase; RCC, renal cell

and specificity were equal. In order to identify more severe
cases, a secondary threshold was fixed within 80%—90%
specificity based on visual inspection of trade-off curves
(Figs. S1—S5). We assigned each patient a total RISK score
from 0 to 10 based on the sum of individual biomarker
scores of 0, 1, or 2 (Table 2).

2.4. Statistical analysis

We estimated OS using the Kaplan—Meier method. Gener-
alized chi-square test or Fisher’s exact test was used to
compare categorical variables, while Wilcoxon rank-sum
test was used for continuous variables.

Cox proportional hazard regression models were fit to
determine clinical, pathological, and laboratory features
associated with OS. For our multivariable models, we
planned to include pathological T stage, N stage, M stage,
FNG, and age in the final model a priori based on wide-
spread acceptance as prognostic factors. We then added
any covariates with p < 0.05 on univariate testing of these
models. For RISK score, we created a 4-level ordinal vari-
able for risk stratification and interpretation: baseline risk
(RISK 0), low risk (RISK 1-3), intermediate risk (RISK
4—6), and high risk (RISK 7—10).

We fit our final multivariable model using backward
stepwise selection procedure with the selection threshold
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Table 1

RISK biomarker assay methods, collection, and kit information.

Laboratory value

Collection time
before surgery®

Assay method and kit information

Albumin (g/dL)

C-reactive protein (mg/L)
Erythrocyte sedimentation

rate (mm/h)
AST (U/L)
ALT (U/L)
Calcium (mg/dL)

Within 21 days
Within 14 days
Within 30 days

Within 7 days
Within 7 days
Within 30 days

Beckman Coulter Synchron System
Beckman Coulter Synchron System
ALCOR Scientific iSED Automated
Sedimentation Rate Analyzer
Beckman Coulter Synchron System
Beckman Coulter Synchron System
Beckman Coulter Synchron System

ALT, alanine transaminase; AST, aspartate transaminase; RCC, renal cell carcinoma; RISK: RCC Inflammatory Score.
@ Biomarker values used in analysis were collected defined time before nephrectomy.

set at p = 0.05. This final model was validated using the
bootstrap method in 500 equal sized samples selected with
replacement. Harrell’s Concordance index (C-index) was
used to assess predictive accuracy of the final model. All
statistical tests were two-sided with a-error set at 0.05. All
analyses were performed using SAS version 9.4 (Cary, NC,
USA) and R software version 3.1.2 (R Foundation, Vienna,
Austria). Importantly, and uncommonly done for many
biomarker studies in RCC, the REMARK criteria for tumor
marker prognostic studies were rigorously followed [19].

3. Results
3.1. Cohort description

The overall study cohort was comprised of 391 patients
(n = 280 clear cell RCC, n = 111 non-clear cell RCC,
Table 3). The majority of patients were male and white
with a mean age of 58.7 years. Of the study cohort, 207/370
(56.0%) presented with T1 disease, 38/370 (10.3%) with T2
disease, 114/370 (30.8%) with T3 disease, and 11/370
(3.0%) with T4 disease. Additionally, 10/391 (2.7%) patients
had FNG 1, 149/391 (39.5%) had FNG 2, 162/391 (43.0%) had
FNG 3, and 55/391 (14.6%) had FNG 4. After surgery, 89/391
(22.8%) developed metastases and 64/391 (16.4%) were
deceased by the end of the study, likely a reflection of the

Table 2 RISK calculation based on biomarker thresholds.
Parameter Biomarker Score
0 1 2

Albumin (g/dL) >3.5 2.5-3.5 <2.5
CRP (mg/L) <10 10—-25 >25
ESR (mm/h)

Male <22 22—45 >45

Female <29 29-55 >55
AST/ALT ratio

Male <1.10 1.1-1.54 >1.54

Female <1.23 1.23—-1.54 >1.54

<9.7 9.7—10.1 >10.1

ALT, alanine transaminase; AST, aspartate transaminase; CRP,
C-reactive protein; ESR, erythrocyte sedimentation rate; RCC,
renal cell carcinoma; RISK, RCC Inflammatory Score.

Corrected calcium (mg/dL)

advanced
institution.

stage presentation at our tertiary care

3.2. Univariate and multivariate analysis

In the overall study cohort, we found that age, body mass
index (BMI), ECOG performance status, pathological T
stage, N stage, M stage, FNG, tumor size, RISK group, and
each contributing component of RISK were significantly
associated with OS on univariate analysis (all p < 0.05).
These variables were included in the multivariable model.

Table 3

Description of clinical and pathological parame-

ters of the overall study cohort (n = 391) and clear cell RCC

sub-cohort (n = 280).

Feature Overall cohort™ Clear cell
(n = 391) sub-cohort”
(n = 280)
Primary tumor (1997 T stage)®
T1 207 (55.95) 146 (54.48)
T2 38 (10.27) 23 (8.58)
T3 114 (30.81) 94 (35.07)
T4 11 (2.97) 5 (1.87)
Regional lymph nodes (N stage)®
NO 328 (84.10) 234 (83.47)
N1 57 (14.62) 45 (16.17)
N2 5(1.28) 1 (0.36)
Distant metastases (M stage)®
MO 314 (80.51) 216 (77.14)
M1 76 (19.49) 64 (22.86)
Tumor size (cm)
Mean =+ SD 6.1 + 4.1 6.1 +4
Median (min—max) 5.1 (0.4—23.0) 5.3 (0.5—23.0)
Nuclear grade®
1 10 (2.66) 8 (2.88)
2 149 (39.62) 115 (41.37)
3 162 (43.09) 111 (39.93)
4 55 (14.63) 44 (15.82)
Necrosis®
No 174 (57.24) 133 (59.37)
Yes 130 (42.76) 91 (40.63)

* Participant’s number may not add to 391 or 280 due to

missing values.
@ Data presented as n (%).
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After adjusting for confounding variables, our analysis
identified age, ECOG performance status, tumor size, and
RISK group as significant and independent factors influ-
encing OS (all p < 0.05, Table 4).

In the sub-cohort of patients diagnosed with clear cell
RCC, we found that age, BMI, African-American race, ECOG
performance status, T stage, N stage, M stage, FNG, tumor
size, RISK group, and each contributing component of RISK
were significantly associated with OS on univariate analysis
(all p < 0.05). These variables were included in the multi-
variable model. After adjusting for confounding variables,
our analysis identified ECOG performance status, tumor
size, and RISK group as significant and independent factors
influencing OS (all p < 0.05, Table 5). Similar analysis was
performed in the non-clear cell cohort, however due to
limited sample size, a reliable model was difficult to
develop and we were unable to produce adjusted hazard
ratios.

3.3. Kaplan—Meier survival analysis

0OS was compared between RISK groups using the
Kaplan—Meier method. In the overall study cohort, as well
as the clear cell and non-clear cell RCC sub-cohorts, time to
death was significantly reduced with increasing RISK group
(p < 0.001, Figs. 2 and S6).

In the overall study cohort, median time-to-death for
censored and non-censored subjects was 25.2 and 16.1
months, respectively. Median survival among the high-risk
group was 7.2 months (95%Cl: 4.9—11.4), compared with
14.5 months (95%Cl: 10.1—21.5) among the intermediate-
risk group (p = 0.008).

In the clear cell RCC sub-cohort, median time-to-death
for censored and non-censored subjects was 25.1 and 16.4
months, respectively. Median survival among the high-risk
group was 7.3 months (95%Cl: 5.0—12.9), compared with

Table 4 Univariate and multivariate association of overall survival in the overall cohort (N = 391).

Covariate Univariable Multivariable
HR (95%Cl) p-value HR (95%Cl) p-value

Age 1.04 (1.02—1.06) <0.001 1.04 (1.01—1.07) 0.010
BMI 0.94 (0.90—0.98) 0.003 0.97 (0.93—1.02) 0.209
Sex (ref: female) 1.08 (0.64—1.82) 0.767
Race (ref: non-African-American) 1.21 (0.64—2.26) 0.556
Pre-op ECOG performance status (ref: 0) 3.35 (2.05—5.49) <0.001 2.25 (1.31-3.86) 0.003
2009 T stage

pT2 2.20 (0.85—5.68) 0.102 0.49 (0.15—1.58) 0.229

pT3 6.39 (3.50—11.68) <0.001 0.88 (0.35—2.21) 0.783

pT4 10.96 (3.58—33.59) <0.001 1.54 (0.36—6.60) 0.564
2009 N stage (ref: NO) 5.51 (3.33-9.12) <0.001 1.82 (0.89—-3.72) 0.103
2009 M stage (ref: MO) 6.01 (3.65—9.89) <0.001 1.31 (0.61—2.80) 0.483
FNG (ref: G1—-G2) 3.64 (1.90—6.97) <0.001 0.97 (0.39—2.41) 0.951
Tumor dimensions (ref: <5 cm) 4.31 (2.29-8.12) <0.001 2.63 (1.09—6.34) 0.031
RISK (ref: baseline)

Low risk 1.35 (0.37—4.92) 0.645 0.72 (0.18—2.85) 0.643

Intermediate risk 8.64 (2.57—29.02) <0.001 3.29 (0.83—13.06) 0.090

High risk 18.41 (5.60—60.58) <0.001 4.80 (1.23—18.74) 0.024
C-reactive protein (ref: <10 mg/L)

10—25 mg/L 3.27 (1.45—7.34) 0.004

>25 mg/L 9.01 (5.05—16.07) <0.001
Albumin (ref: > 3.5 mg/dL)

2.5-3.5 mg/dL 4.44 (2.61—7.53) <0.001

<2.5 mg/dL 6.15 (2.64—14.32) <0.001
ESR (ref: 0—22 (male)/0—29 (female) mm/h)

22—45 (male)/29-55 (female) mm/h 2.94 (1.29—6.70) 0.01

>45 (male)/>55 (female) mm/h 10.08 (5.02—20.24) <0.001
AST/ALT ratio (ref: 1.1 (male)/1.23 (female))

1.1—1.54 (male)/1.23—1.54 (female) 1.08 (0.59—1.97) 0.803

>1.54 2.65 (1.46—4.84) 0.001
Calcium (ref: <9.7 mg/dL)

9.7—10.11 mg/dL 2.12 (1.02—4.39) 0.044

>10.11 mg/dL 6.94 (3.58—13.42) <0.001

AST/ALT, aspartate transaminase to alanine transaminase; BMI, body mass index; Cl, confidence intervals; ECOG, Eastern Cooperative
Oncology Group; ESR, erythrocyte sedimentation rate; FNG, Fuhrman nuclear grade; HR, hazard ratio; RCC, renal cell carcinoma; RISK,

RCC Inflammatory Score.
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Table 5 Univariate and multivariate association of overall survival in the clear cell RCC sub-cohort (n = 280).

Covariate Univariate Multivariable
HR (95%Cl) p-value HR (95% CI) p-Value
Age 1.03 (1.00—1.05) 0.035 1.02 (0.98—1.05) 0.346
BMI 0.94 (0.9—0.98) 0.004 0.97 (0.92—1.01) 0.132
Sex (ref: female) 1.15 (0.65—2.02) 0.631
Race (ref: non-African-American) 2.85 (1.46—5.56) 0.001
Pre-op ECOG performance status (ref: 0) 2.84 (1.66—4.86) <0.001 2.15 (1.19—-3.90) 0.012
2009 T stage
pT2 1.82 (0.59—-5.59) 0.295 0.32 (0.08—1.22) 0.094
pT3 5.85 (3.07—11.12) <0.001 0.74 (0.28—1.99) 0.554
pT4 5.56 (0.72—43.12) 0.101 0.68 (0.07—6.23) 0.735
2009 N stage (ref: NO) 5.18 (2.99—8.97) <0.001 1.89 (0.87—4.11)
2009 M stage (ref: MO) 5.24 (3.05—9.02) <0.001 1.13 (0.50—2.55)
FNG (ref: G1—G2) 3.47 (1.79—6.73) <0.001 0.83 (0.30—2.25) 0.710
Tumor dimensions (ref: <5 cm) 4.88 (2.37—10.03) <0.001 2.95 (1.15—7.55) 0.024
RISK (ref: baseline)
Low risk 1.31 (0.34-5.07) 0.696 0.74 (0.17—3.26) 0.886
Intermediate risk 9.55 (2.83—32.25) <0.001 5.36 (1.23—23.46) 0.026
High risk 16.44 (4.92—54.93) <0.001 5.52 (1.29—23.55) 0.021
C-reactive protein (ref: <10 mg/L)
10—25 mg/L 3.96 (1.71—9.18) 0.001
>25 mg/L 7.62 (4.03—14.41) <0.001
Albumin (ref: > 3.5 mg/dL)
2.5—3.5 mg/dL 4.33 (2.44—7.68) <0.001
<2.5 mg/dL 4.62 (1.73—12.33) 0.002
ESR (ref: 0—22 (male)/0—29 (female) mm/h)
22—45 (male)/29-55 (female) mm/h 2.84 (1.15—6.98) 0.023
>45 (male)/>55 (female) mm/h 8.72 (4.16—18.25) <0.001
AST/ALT ratio (ref: 1.1 (male)/1.23 (female))
1.1—1.54 (male)/1.23—1.54 (female) 1.41 (0.76—2.62) 0.276
>1.54 2.67 (1.32-5.39) 0.006
Calcium (ref: <9.7 mg/dL)
9.7—10.11 mg/dL 2.43 (1.09-5.42) 0.029
>10.11 mg/dL 6.90 (3.35—14.21) <0.001

AST/ALT, aspartate transaminase to alanine transaminase; BMI, body mass index; Cl, confidence intervals; ECOG, Eastern Cooperative
Oncology Group; ESR, erythrocyte sedimentation rate; FNG, Fuhrman nuclear grade; HR, hazard ratio; RCC, renal cell carcinoma; RISK,

RCC Inflammatory Score.

16.6 months (95%Cl: 7.9—24.0) among the intermediate-risk
group (p = 0.041).

In the non-clear cell RCC sub-cohort, median time-to-
death for censored and non-censored subjects was 25.4 and
14.5 months, respectively. Median survival among the high-
risk group was 4.9 months (95%Cl: 2.4—27.6), compared
with  10.6 months (95%Cl: 6.0—33.5) among the
intermediate-risk group (p = 0.010).

For all cohorts, median survival was not reached among
the low-risk and baseline groups.

3.4. Comparison with established prognostic
variables and nomograms

In the overall study cohort and clear cell RCC sub-cohort,
RISK was significantly associated with ECOG performance
status, histologic tumor necrosis, TNM stage, and FNG (all
p < 0.001).

For the overall study cohort, AUC for RISK, SSIGN, and
UISS was 0.783, 0.776, and 0.813, respectively. Among pa-
tients with localized RCC (i.e., T1-4NOMO), AUC for RISK and
LPS was 0.742 and 0.706, respectively. There were no sta-
tistically significant differences between RISK, SSIGN, UISS,
and LPS (p = 0.820, p = 0.317, p = 0.456, respectively,
Figs. S7 and S8). The statistically significant (p = 0.019)
addition of ESR, corrected calcium, and AST/ALT ratio to
combination of CRP and albumin improved AUC from 0.737
to 0.783.

For the clear cell RCC sub-cohort, AUC for RISK, SSIGN,
and UISS was 0.774, 0.776, and 0.809, respectively. Among
patients with localized RCC, AUC for RISK and LPS was 0.738
and 0.706, respectively. Again, there were no statistically
significant differences between RISK, SSIGN, UISS, and LPS
(p = 0.975, p = 0.299, p = 0.561, respectively, Figs. S9
and S10).

For the non-clear cell RCC sub-cohort, AUC for RISK,
SSIGN, and UISS was 0.809, 0.764, and 0.789, respectively.
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Figure 2
cell carcinoma.

Among patients with localized RCC, AUC for RISK and LPS
was 0.785 and 0.744, respectively. Again, there were no
statistically significant differences between RISK, SSIGN,
ulss, and LPS (p = 0.550, p = 0.776, and p = 0.597,
respectively, Figs. S11 and S12).

4. Discussion

In this study, we developed a novel preoperative prognostic
score termed RISK that aggregates measures of CRP, albu-
min, ESR, corrected calcium, and AST/ALT ratio in order to
predict OS for all RCC patients treated with nephrectomy.
We report four important findings. First, in evaluating
prognostic performance, we found that RISK is an inde-
pendent and significant predictor of OS in patients under-
going nephrectomy for RCC. Second, we found that this
score is a valid predictor of OS among patients in the overall
cohort, which included all histologies, as well as the clear
cell RCC sub-cohort. Third, RISK was able to predict OS with
similar certainty as established prognostic tools and no-
mograms such as SSIGN, UISS, and LPS. Finally, on
Kaplan—Meier analysis, each increase in RISK group was
associated with a significant reduction in OS, illustrating
the score’s ability to differentiate high-risk disease.
Notably, this differentiation in prognosis is evident soon
after surgery and is strongest between intermediate-risk
and high-risk groups, demonstrating its utility even in the
short-term postoperative setting. These findings emphasize
the integral role the host inflammatory response plays in
cancer pathogenesis and suggest that RISK provides

Kaplan—Meier curves predicting overall survival in the overall cohort (n = 391), categorized by RISK group. RCC, renal

clinically useful prognostic information comparable to
other prognostic tools.

Our findings further support the current literature
exploring the role of the host inflammatory response in
cancer pathogenesis. Tumor infiltration by immune cells
and production of inflammatory mediators promoting
angiogenesis and immunosuppression have been strongly
linked to tumor progression [20]. Notably, over 60 studies
have focused on evaluating and validating the use of GPS
[12,21,22]. Additionally, ESR has been shown in multiple
studies to have prognostic value in RCC and other solid
organ tumors with elevated levels predicting the presence
of aggressive disease and decreased survival [23,24].
Though several other inflammatory markers have been
evaluated in singularity, few studies have analyzed their
prognostic value in aggregate [16]. To our knowledge, this
study is the first of its kind to analyze a comprehensive
inflammatory score consisting of five well-studied inflam-
matory markers in RCC.

Though additional tumor and host factors have been
added to TNM stage and FNG conferring improved prog-
nostic ability with SSIGN and UISS, our data demonstrate
that a prognostic score based solely on inflammatory
markers can be just as accurate in predicting OS. In pa-
tients with metastatic RCC, Motzer et al. [3] and Eggener
et al. [25] developed clinically useful prognostic models
incorporating various inflammatory markers and perfor-
mance status. Additionally, Chang et al. [26] developed the
Systemic Inflammation Score (SIS) consisting of preopera-
tive albumin and lymphocyte-to-monocyte ratio, and
showed that elevated SIS was associated with high TNM
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stage, high SSIGN risk level, and poor outcomes. SIS was
then combined with TNM stage, FNG, and lymphovascular
invasion into a prognostic nomogram with predictive accu-
racy greater than SSIGN. These models as well as RISK serve
as proof of principle that inflammatory markers can provide
robust prognostic information in RCC.

Solely based on laboratory values commonly obtained
during the preoperative workup, RISK provides considerable
practical benefits over currently utilized prognostic tools. It
is a simple and quantitative score that utilizes affordable,
standardized, and widely available protein assays that are
among the most frequently requested laboratory tests in
the oncologic outpatient setting. These assays are fully
automated, avoiding human error and subjectivity that may
adversely influence histopathological prognostic tools as
has been shown with FNG [27]. Most notably, no surgical
specimen is required for scoring, and RISK can be calculated
and interpreted prior to nephrectomy potentially allowing
for improved patient counseling, medical decision-making,
patient selection for surgery, and enrollment into clinical
trials.

Following REMARK criteria, we have demonstrated that
RISK is a powerful prognostic tool in patients undergoing
nephrectomy for RCC [19]. A strength of our study is that
RISK is based on standardized laboratory tests that are
widely available and cost-effective. Further, the biomarker
thresholds determined in our analysis align with previous
studies. We also evaluated RISK in patients with clear cell
and non-clear cell RCC, with localized and metastatic dis-
ease, illustrating the scope of its prognostic ability. Weak-
nesses of our study include its retrospective and single-
centered nature, and lack of external validation. Impor-
tantly, our study used OS as the primary outcome as the use
of cancer-specific survival would prevent inclusion of pa-
tients that underwent adjuvant therapy, including targeted
therapy or radiation. Further investigation into the impact
of RISK on cancer-specific survival is needed. The use of five
inflammatory markers also limited the study cohort and
may also restrict clinical applicability due to the select use
of several of the biomarkers. This level of patient selection
may also explain our finding that neither N stage, M stage,
nor tumor grade are independent factors affecting OS in
this study. Additionally, we were unable to adequately
analyze RISK in the non-clear cell RCC cohort due to limited
sample size.

In the future, RISK will need to be externally validated at
other institutions and in distinct populations. Further
research into the integration of RISK with additional in-
flammatory markers, host factors, and histopathological
tools is warranted and could lead to even greater predictive
accuracy. Given the preoperative utility of RISK, evaluation
of its use in patients considering cytoreductive nephrec-
tomy in the presence of metastasis or active surveillance in
the setting of low risk disease is also warranted.

5. Conclusion

RISK is an independent and significant predictor of OS in
RCC with predictive accuracy comparable to SSIGN, UISS,
and LPS. Notably, RISK is composed of standardized labo-
ratory markers that are easily and cost-effectively obtained

preoperatively, allowing crucial prognostic information to
be integrated into medical decision-making prior to

surgery.
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