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Inflammatory and nutritional status is a predictor of long-term outcome in patients undergoing
surgery for gastric cancer. Validation of the Naples prognostic score

PurPOSE: Oncological outcome depends not only on tumor behaviour but also on nutritional and immune-inflammato-
ry host status. Data in gastric cancer are limited. The main aim of this study was to prospectively assess Naples prog-
nostic score (NPS) in gastric cancer patients. NPS was also compared with prognostic nutritional index (PNI), control-
ling nutritional status (CONUT) score and systemic inflammation score (SIS).

METHODS: Overall survival (OS) and complication rates of 415 patients undergoing gastric cancer surgery from January
2000 to December 2015 were calculated. Disease-free survival (DFS) rates were assessed in 307 radically resected patients.
MaxStar analysis was wused to identify the best cut-off values. NPS scores were divided into 3 groups (NPS 0-3). The
receiver-operating-characteristic (ROC) curve for censored survival data was used to compare the prognostic performance
of scoring systems.

ResuLts: NPS positively correlated with current scoring systems (p<0.001) and advanced tumor stages (p<0.001). Patients
with elevated NPS scores experienced more postoperative complications (all patients: p=0.003; radically resected patients:
p=0.010). NPSI and NPS2 patients had a higher hazard ratio (HR) than NPSO patients for OS (NPSI HR 2.04,
NPS2 HR 4.27; p<0.001) and DFS (NPS1 HR 1.70, NPS2 HR 4.98; p<0.001). Among the different scoring sys-
tems, only NPS was selected as an independent significant predictor for OS (p=0.024) and DFS (p=0.009). NPS was
assigned the best prognostic performance by ROC analysis, equalling TNM staging system, and correctly identified high-
risk patients.

CoNcCLUSIONS: NPS is an easy to calculate prognostic score strongly associated with outcome in patients undergoing gas-
tric cancer surgery.
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Introduction
Current treatment and prognosis of gastric cancer are
mainly based on pathological staging; however, a high
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recurrence rate renders long-term results still disap-
pointing 3. Wider implementation of different combi-
nations of neo- and adjuvant therapies are expected to
achieve better outcomes, and identification of prognos-
tic indicators able to detect high risk patients is very
desirable . There is growing evidence that not only tumor
status but also host characteristics may influence the
course of several human malignancies, including gastric
cancer 8. The neutrophil-to-lymphocyte ratio (NLR)
and the lymphocyte-to-monocyte ratio (LMR) have been
shown to be reliable surrogate indicators of the host
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inflammatory and immunological status 792, In addi-
tion, preoperative serum levels of albumin and choles-
terol have been demonstrated to correctly reflect the
nutritional status 131°. These biological markers, alone or
in combination, have been proposed to predict outcome
in many human tumors, particularly colorectal and liv-
er cancers 718, However, the lack of accurate analyses
of score prognostic performances has limited their dif-
fusion . In addition, experiences in gastric cancers are
conflicting and limited to a single marker 22!, Only a
few studies have investigated different associations of
these markers, namely NLR and LMR 22, PNI
(Prognostic Nutritional Index) !¥1>23, and CONUT
(Controlling Nutritional Status) '>1¢, without clarifying
their clinical utility 24 Moreover, the SIS (Systemic
Inflammation Score), which has recently sparked some
interest in renal and colon cancer, has never been inves-
tigated in gastric cancer patients 1%

Materials and Methods

We have recently demonstrated that a new prognostic
score, the so-called Naples prognostic score (NPS), based
on the association of markers reflecting on the one hand
the inflammatory and immunological status (NLR and
LMR) and the nutritional status (albumin and choles-
terol levels) on the other, was an independent indicator
of outcome in colorectal cancer patients undergoing
surgery. NPS was also shown to display the best prog-
nostic performance, nearly matching the TNM staging
system, when compared to previously developed prog-
nostic systems 2°. The aim of this study was therefore
to investigate the prognostic role of NPS and its corre-
lations with other scoring systems in a large series of
gastric cancer patients undergoing surgery.

PATIENT COHORT

Clinical characteristics and = pathological findings of
patients undergoing surgery for proven gastric adenocar-
cinoma, from January 2000 to December 2015, were
retrieved from a prospectively maintained comprehensive
database. Blood tests were routinely performed in the
week before surgery. In patients subjected to preopera-
tive chemotherapy, these data were collected not earlier
than 5 weeks after the end of therapy, since modifica-
tions in circulating blood cell counts have been shown
to normalize after this time %’. After discharge, adjuvant
chemotherapy was offered to radically resected pT3
and/or node positive patients; metastatic and non-radi-
cally treated patients underwent chemotherapy 28. All
patients signed written consent to use their data, and
were followed up until death or June 30, 2017, whichev-
er came first. Institutional Review Board (IRB) approval
was obtained from the Ethical Committee (protocol

number 196/2017, Naples 06.05.2017), and the study
was registered at ClinicalTrials.gov with PRS number ID:
NCT03272646.

Postoperative complications were defined as grade II or
higher of the Clavien-Dindo classification #. PNI was
initially calculated as a continuous variable: (10 x albu-
min value (g/dL)) + (0.005 x TLC, i.., total lympho-
cyte count, in the peripheral blood), with lower values
indicating impairment of the host status 3°. CONUT,
including albumin level > 3.5 g/dL, total cholesterol >
180 mg/dL, and TLC > 1600/pL, was calculated by
assigning each patient a score ranging from 0 to 12,
with higher values indicating alterations of the nutri-
tional status 3132, SIS was calculated as previously
described (patients with serum albumin level > 4 g/dL
and LMR level > 4.44 were assigned a score of 0; a
score of 1 was allocated to patients with hypoalbu-
minemia or a low LMR; patients with hypoalbumine-
mia and low LMR were attributed a score of 2) 192526,
According to our previous experience in colorectal can-
cers, NPS was calculated based on the following 4 para-
meters: serum albumin (normal: >4g/dl), total choles-
terol (normal: >180 mg/dl), NLR ( normal: <2.96), and
LMR (normal: >4.44) 2°. Each parameter was assigned
a score (normal value = 0, altered value = 1), and patients
were initially assigned a score of 0 to 4. Afterwards,
patients were divided into three groups: patients with
score = 0 were assigned to group 0 (normal values for
all 4 parameters); patients with score 1 or 2 were assigned
to group 1 (one or two altered values); and patients with
score 3 or 4 were assigned to group 2 (three or four
altered values).

Analysis of postoperative complications and overall sur-
vival (OS) was performed for all patients (survival analy-
sis data set). Recurrence and disease-free survival (DES)
rates were computed for patients undergoing potentially
curative surgery (recurrence analysis data set).

STATISTICAL ANALYSIS

Continuous variables were expressed as medians and
interquartile ranges (IQR). The chi-square test was used
to analyze correlations between NPS and other prog-
nostic factors or other score systems. Continuous vari-
ables were dichotomized by using median values (age
and tumor size), normal values (CEA, serum albumin
levels, and plasma total cholesterol), or in accordance
with previous investigations (TLC) 2033, The R package
MaxStat was used to dichotomize NLR, LMR, PNI, and
CONUT in the current series *. The Kaplan-Meier
method and long-rank test were used to compare sur-
vival curves. Univariate and multivariate analyses were
performed by using the Cox proportional hazards regres-
sion model; specifically, prognostic variables showing
2 < 0.1 on univariate analysis were included in the mul-
tivariate analysis. The prognostic performance of the dif-
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ferent score systems was assessed by analyzing homo-
geneity with the likelihood ratio chi-square test as well
as monotonicity with the linear trend chi-square test 3.
The improvement in risk prediction of each prognostic
system was assessed by the time-dependent receiver oper-
ating characteristic (ROC) curve for censored survival
data using the area-under-curve (AUC), which estimates
the probability that, at a certain time point, a patient
with an event is classified in a higher staging category
than a patient who does not present the event at that
time 20%. Higher AUC values were associated with a
better predictive ability. All analyses were two-sided;
? < 0.05 was considered to be statistically significant.
Statistical analyses were carried out using the SPSS 20.0
software (SPSS Inc., Chicago, IL, USA) and the statis-
tical package R (version 3.3.29).

Results

Out of 477 consecutive patients, 62 patients were exclud-
ed from the study because of lack of data (n=25), or
because of concomitant conditions potentially able to
affect white blood cell counts (n=37). The survival data
set included a total of 415 patients; 307 patients under-
going a potentially curative treatment constituted the
recurrence data set (Fig. 1). In both groups, NPS sig-
nificantly correlated with other score systems (p < 0.001).
Moreover, NPS worsened with older age, worse perfor-
mance status, non-radicality, advanced Bormann’s types,
and advanced TNM stage (Supplemental Table I).
Postoperative complication rates increased with worsen-
ing NPS scores. In patients with no or only slight alter-
ations of nutritional and inflammatory status, rates were
low (12.5% and 16.8%, respectively). On the contrary,
patients with three or four altered NPS values had a
complication rate of 28.7% (p = 0.0029).

SURVIVAL AND RECURRENCE ANALYSES

Median follow-up time was 22.7 months (IQR: 9.1-55.9
months). In this time frame, 237 patients (57.1%) died,
12 of them perioperatively (2.9%). The 1- to 5-year OS
rates were 70.5, 55.2, 44.7, 40.9, and 38.0%, respec-
tively, and were significantly related to several prognos-
tic factors, including hypoalbuminemia, hypocholes-
terolemia, elevated NLR, and decreased LMR values
(p < 0.001). PNI, CONUT, SIS, and NPS were also
shown to be significantly (p < 0.001) related to OS on
univariate analysis (Table I). Five-year OS rates signifi-
cantly worsened as NPS score increased from 0 to 4.
Patients with NPS scores 1 and 2 displayed a quite sim-
ilar outcome, as did patients with NPS scores 3 and 4,
suggesting that categorizing patients into only three
groups did not affect NPS significance (Supplemental
Fig. 1). Interestingly, 5-year OS rates in NPS groups 0,
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1, and 2 were 65.9, 40.6, and 13.9%, respectively (p <
0.001). The estimated relative risk of death of NPSO
patients was 51% and 75% lower than that of NPS1
and NPS2 patients, respectively; NPS1 patients had a
52% lower relative risk of death than NPS2 patients
(Fig. 2A). On multivariate analysis, when individually
considered, all biomarkers but hypoalbuminemia were
not shown to correlate with long-term outcome; current
scoring systems were not demonstrated to be indepen-
dent prognostic factors for survival (Table I). On the
contrary, NPS significantly correlated with survival and
was shown to be an independent prognostic factor
(p = 0.024).

In the recurrence analysis data set, the median follow-
up time for DFS was 21.0 months (IQR: 7.94-54.9
months). Within this time frame, 97 patients (31.6%)
experienced tumor relapse. Recurrence rates were 23, 27,
and 46% in NPS groups 0, 1, and 2, respectively
(p = 0.0017). The 1- to 5-year DES rates were 77.8,
66.1, 57.3, 55.4, and 52.4%, respectively, and were relat-
ed to the same factors involved in OS analysis, includ-
ing the individual markers (Table II). Similarly, all four
prognostic scoring systems were shown to be significantly
related to DES rates, with NPS showing the greatest dif-
ferences (Fig. 2B). On multivariate analysis, when indi-
vidually analyzed, any considered biomarker failed to
show any significance. Among the four scoring systems

analyzed, only NPS was shown to be significantly relat-
ed to DFS rate (Table II).

PrROGNOSTIC PERFORMANCE

Compared to the OS rate, the four different scoring sys-
tems showed different homogeneity and monotonicity
(Table III). Particularly, NPS was shown to best allocate
patients with the same survival rate. Time-dependent
ROC curves with estimated AUCs calculated at different
time points for each scoring system, including, for com-
parison, the TNM staging system, clearly showed NPS to
be continuously superior to other scoring systems at each
time point; besides, at five years, NPS nearly equaled the
prognostic power of TNM system (Fig. 3A). Also, in the
recurrence data set, NPS was shown to have the best prog-
nostic performance and AUC values. Interestingly, NPS
had a uniformly better curve than other scoring systems,
even superior to TNM curve, thus showing the best abil-
ity to predict tumor recurrence (Fig. 3B).

Discussion

This study shows that NPS is an independent predictor
of outcome in patients undergoing surgery for gastric
cancer. Patients with high NPS values had a greater risk
of severe postoperative complications as well as signifi-
cantly lower OS and DEFS rates. When compared to pre-
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TasLE 1 - Clinico-pathological characteristics and univariate and multivariate analyses of overall survival rates in 415 patients with gastric cancer
who underwent surgery

Univariate Analyses Multivariate Analyses

Factor Nr. Pts % 5-years OS HR 95%CI HR a Pvalue HR 95%CI HR a P value
Age®
< 65 years 219 40.7 1 Referent 0.033 1 Referent 0.086
> 65 years 196 35.0 1.32 1.02-1.70 1.01 0.99-1.02
Gender
Male 243 43.2 1 Referent 0.037 1 Referent 0.486
Female 172 30.6 1.31 1.01-1.69 1.12 0.81-1.55
CEA
< 3.5 ng/mL 306 39.9 1 Referent 0.027 1 Referent 0.105
> 3.5 ng/mL 109 32.4 1.36 1.03-1.80 1.34 0.94-1.92
CA19-9
<37 U/mL 283 45.0 1 Referent <0.001 1 Referent 0.412
> 37 U/mL 132 22.7 1.96 1.51-2.54 1.15 0.81-1.63
PS
0 135 56.1 1 Referent <0.001 1 Referent 0.780
1/2 280 28.9 2.27 1.67-3.07 1.06 0.68-1.64
Tumor Site
Distal 166 42.8 1 Referent 1 Referent
Middle Third 131 407 1.09  0.79-1.49 0034 137 0.93-2.04 0.253
Upper Third 118 26.9 1.48 1.08-2.01 1.23 0.85-1.78
PreOP Ch.
Yes 42 48.9 1 Referent 0.798 /1 /1 /1
No 373 37.3 1.07 0.63-1.81
Radicality
Yes 307 50.8 1 Referent <0.001 1 Referent <0.001
No 108 2.1 5.28 4.00-6.98 2.05 1.37-3.06
Macroscopic Type ©
Mass 57 63.3 1 Referent 1 Referent
Ulcerative 138 53.8 1.49 0.88-2.53 <0.001 1.44 0.76-2.74 0.004
Ulcerative infiltrative 133 31.0 2.20 1.32-3.67 1.92 1.01-3.63
Diffuse infiltrative 87 6.4 5.82 3.46-9.78 3.42 1.62-7.22
Histological Type
Differentiated 213 47.2 1 Referent <0.001 1 Referent 0.023
Undifferentiated 202 27.2 1.73 1.33-2.23 1.68 1.07-2.63
Lauren’s classification
Intestinal 188 51.1 1 Referent <0.001 1 Referent 0.019
Diffuse 227 26.6 2.11 1.62-2.76 1.81 1.10-2.99
PO Complic.
No 335 40.7 1 Referent <0.001 1 Referent <0.001
Yes 80 26.4 1.72 1.28-2.33 2.46 1.62-3.72
PO Ch.
No 131 48.4 1 Referent 0.075 1 Referent 0.040
Yes 284 33.5 1.29 0.97-1.73 1.52 1.01-2.28
TNM stage ¢

1A 72 88.1 1 Referent 1 Referent

1B 42 55.3 3.23 1.46-7.12 2.66 1.13-6.27

IIA 56 44.0 4.84 2.34-9.98 5.08 2.25-11.44

1IB 85 31.9 6.39 3.25-12.55 <0.001 4.68 2.16-10.13 <0.001
IITIA 70 16.0 11.76 5.94-23.30 12.15 5.57-26.46

I1IB 27 0.0 13.67 6.49-28.78 12.91 5.59-29.87

IIIC 18 23.9 11.32 4.69-27.30 2.81 0.92-8.60

v 45 0.0 49.38 28.82-92.38 18.76 7.48-47.07
Albumin
>4 g/dL 264 45.9 1 Referent <0.001 1 Referent 0.020
<4 g/dL 151 24.7 1.71 1.32-2.21 1.65 1.08-2.53
Cholesterol
> 180 mg/dL 221 49.1 1 Referent <0.001 1 Referent 0.655
<180 mg/dL 194 25.3 2.05 1.58-2.65 1.10 0.72-1.67

(segue)
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TaBLE I - Clinico-pathological characteristics and univariate and multivariate analyses of overall survival rates in 415 patients with gastric cancer

who underwent surgery

Univariate Analyses

Multivariate Analyses

Factor Nr. Pts % 5-years OS HR 95%CI HR a P value HR 95%CI HR a P value
Lymphocytes
> 1600 mm? 215 47.3 1 Referent <0.001 1 Referent 0.094
<1600 mm’® 200 27.0 1.61 1.25-2.09 1.46 0.93-2.30
NLR ¢
<3.22 289 48.4 1 Referent <0.001 1 Referent 0.898
>3.22 126 13.9 2.43 1.87-3.15 1.03 0.62-1.70
LMR ¢
> 3.48 252 49.7 1 Referent <0.001 1 Referent 0.947
< 3.48 163 20.4 2.17 1.68-2.80 1.02 0.47-2.19
PNI ¢
> 49 253 50.0 1 Referent <0.001 1 Referent 0.266
<49 162 20.3 2.21 1.71-2.86 1.42 0.76-2.68
CONUT ¢
<1 251 52.2 1 Referent <0.001 1 Referent 0.306
>1 164 13.8 2.66 2.05-3.45 1.28 0.79-2.05
SIS
0 146 51.8 1 Referent 1 Referent
1 152 394 145 1.05-2.00 <0001 199 0.40-4.18 0.575
2 117 18.9 2.35 1.69-3.26 0.86 0.42-1.75
NPS score
0 80 65.9 1 Referent
1 116 43.0 1.86 1.16-2.97
2 104 375 226 142359 R G g g
3 49 21.9 3.78 2.26-6.31
4 66 8.9 4.67 2.90-7.53
NPS group f
0 80 65.9 1 Referent 1 Referent
1 20 406 204 133-3.14 <0001 485 0.95-3.41 0.024
2 115 13.9 4.27 2.73-6.66 4.59 1.52-13.81

HR= hazard ratio; CEA= carcinoembryonic antigen (normal level 3.5 ng/mL); CA19-9= carbohydrate antigen 19-9 (normal level 37 U/mL);
PS= performance status according to ECOG scale; PreOP Ch.= preoperative chemotherapy; PO Complic.= postoperative complications defined
as grade II or higher of the Clavien-Dindo classification (reference n. 29); PO Ch=postoperative chemotherapy; NLR= neutrophil to lymphocyte
ratio; LMR= lymphocyte to monocyte ratio; PNI= prognostic nutritional index, calculated as follows: 10 x serum albumin (g/dL) + 0.005 x
total lymphocyte count in the peripheral blood; CONUT= controlling nutritional status, a scoring system calculated by summing the value of
serum albumin, total cholesterol, and total lymphocyte count in the peripheral blood; SIS= system inflammation score based on serum albumin
and lymphocyte to monocyte ratio; NPS= Naples prognostic score, calculated by including the value of serum albumin, total cholesterol, NLR

and LMR.

* 95% confidence interval

> median value

¢ according to the Bormann’s classification
¢ TNM stage according to the AJCC 8th edition (reference n. 1)

e

f

score was > 2

cut-off value was determined by using R MaxStat analysis
NPSO0 includes patients whose NPS score was 0; NPS1 includes patients whose NPS score was 1 or 2; NPS2 includes patients whose NPS
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Taste 11 - Clinico-pathological characteristics and univariate and multivariate analyses of disease-free survival rates in 307 patients with gastric

cancer who underwent potentially curative surgery

Univariate Analyses Multivariate Analyses
Factor Nr. Pts % 5-years DFS  HR 95%CI HR a P value HR 95%CI HR a P value
Age®
< 65 years 172 53.9 Referent 0.342 11 1 /1
> 65 years 135 50.7 1.17 0.83-1.65
Gender
Male 183 58.7 1 Referent 0.038 1 Referent 0.286
Female 124 43.4 1.43 1.02-2.01 1.40 0.75-2.60
CEA
<3.5 ng/mL 234 54.5 1 Referent 0.039 1 Referent 0.005
> 3.5 ng/mL 73 45.3 1.47 1.01-2.12 2.23 1.27-3.92
CA19-9
<37 U/mL 233 56.1 Referent 0.013 1 Referent 0.200
> 37 U/mL 74 40.3 1.58 1.10-2.28 1.01 0.86-1.23
PS
0 122 62.1 1 Referent 0.008 1 Referent 0.425
1/2 185 45.7 1.62 1.13-2.33 1.24 0.72-2.15
Tumor Site
Distal 124 58.2 1 Referent 1 Referent
Middle Third 104 50.6 137 0.91-2.06 0-088 304 1.60-5.78 0.003
Upper Third 79 45.3 1.58 1.03-2.42 1.21 0.66-2.23
PreOP Ch.
Yes 36 67.9 1 Referent 0.903 /1 /1 /1
No 271 52.1 1.04 0.54-1.99
Macroscopic Type ©
Mass 53 71.9 1 Referent 1 Referent
Ulcerative 122 62.9 1.72 0.91-3.26 0.001 0.83 0.31-2.21 0.823
Ulcerative infiltrative 108 35.6 2.98 1.61-5.53 1.05 0.41-2.65
Diffuse infiltrative 24 27.1 2.94 1.34-6.45 0.82 0.22-3.02
Histological Type
Differentiated 177 59.3 Referent 0.011 1 Referent 0.124
Undifferentiated 130 41.6 1.55 1.10-2.18 1.83 0.84-3.99
Lauren’s classification
Intestinal 168 59.6 1 Referent 0.004 1 Referent 0.227
Diffuse 139 43.4 1.64 1.16-2.30 1.62 0.74-3.55
PO Complic.
No 238 58.6 1 Referent <0.001 1 Referent <0.001
Yes 69 31.0 2.75 1.92-3.93 3.11 1.78-5.42
PO Ch.
No 113 59.3 Referent /1 /1
Yes 194 4838 118 0.82-1.69 0.368 g
TNM stage ¢
1A 70 93.9 1 Referent 1 Referent
IB 38 62.2 4.19 1.57-11.19 1.50 1.30-1.74
IIA 50 52.0 6.64 2.69-16.41 16.54 4.53-60.37
1I1B 75 34.8 10.55 4.50-24.72 <0.001 12.40 3.69-41.61 <0.001
111A 37 34,7 9.06 3.58-22.90 12.45 3.90-39.79
11IB 21 0.0 19.31 7.60-49.06 13.27 3.92-44.84
I11IC 13 21.2 20.08 6.94-58.3 43.53 11.27-68.57
v 3 0.0 72.40 43.09-98.92 31.71 7.47-74.57
Albumin
>4 g/dL 199 62.4 1 Referent <0.001 1 Referent 0.254
<4 g/dL 108 35.0 2.05 1.46-2.87 1.40 0.78-2.52
Cholesterol
> 180 mg/dL 172 64.5 1 Referent <0.001 Referent 0.715
< 180 mg/dL 135 37.3 2.38 1.69-3.37 1.14 0.54-2.42
Lymphocytes
> 1600 mm? 161 64.5 1 Referent <0.001 1 Referent 0.062
< 1600 mm? 146 38.3 1.95 1.38-2.76 1.78 0.97-3.29

(segue)

Ann. Ital. Chir., 90, 5, 2019 409



G. Galizia, et al.

Taste 11 - Clinico-pathological characteristics and univariate and multivariate analyses of disease-free survival rates in 307 patients with gastric
cancer who underwent potentially curative surgery

Univariate Analyses Multivariate Analyses

Factor Nr. Pts % 5-years DFS  HR 95%CI HR a Pvalue HR 95%CI HR a P value
NLR ©
<3.22 223 63.8 1 Referent <0.001 1 Referent 0.085
>3.22 84 21.9 3.01 2.13-4.25 1.91 0.91-4.03
LMR ¢
> 3.48 191 66.8 1 Referent <0.001 1 Referent 0.246
<3.48 116 29.4 2.84 2.02-4.01 2.01 0.61-6.60
PNI ©
> 49 197 65.6 1 Referent <0.001 1 Referent 0.850
<49 110 30.5 2.58 1.84-3.63 1.10 0.39-3.13
CONUT ¢
<1 194 68.3 1 Referent <0.001 1 Referent 0.325
>1 113 21.5 3.48 2.46-4.92 1.46 0.68-3.16
SIS
0 117 66.0 1 Referent 1 Referent

1 106 58.7 117 0.75-1.81 <0001 "4 02 0.15-6.44 0-317
2 84 26.7 2.61 1.72-3.96 0.63 0.22-1.79
NPS group f
0 69 76.0 1 Referent 1 Referent

1 156 59.1 170 0.98-2.96 <0001 359 1.34-10.21 0-009
2 82 20.2 4.98 2.85-8.68 14.48 2.61-30.23

HR= hazard ratio; CEA= carcinoembryonic antigen (normal level 3.5 ng/mL); CA19-9= carbohydrate antigen 19-9 (normal level 37 U/mL);
PS= performance status according to the ECOG scale; PreOP Ch.= preoperative chemotherapy; PO Complic.= postoperative complications
defined as grade IT or higher of the Clavien-Dindo classification (reference n. 29); PO Ch=postoperative chemotherapy; NLR= neutrophil to
lymphocyte ratio; LMR= lymphocyte to monocyte ratio; PNI= prognostic nutritional index, calculated as follows: 10 x serum albumin (g/dL)
+0.005 x total lymphocyte count in the peripheral blood; CONUT= controlling nutritional status, a scoring system calculated by summing
the value of serum albumin, total cholesterol, and total lymphocyte count in the peripheral blood; SIS= system inflammation score based on
serum albumin and lymphocyte to monocyte ratio; NPS= Naples prognostic score, calculated by including the value of serum albumin, total
cholesterol, NLR and LMR.

* 95% confidence interval

> median value

¢ according to the Bormann’s classification

¢ TNM stage according to the AJCC 8th edition (reference n. 1)

¢ cut-off value was determined by using R MaxStat analysis

f NPSO0 includes patients whose NPS score was 0; NPS1 includes patients whose NPS score was 1 or 2; NPS2 includes patients whose NPS
score was > 2

TasLe 111 - Comparison of the prognostic performance of the four scoring systems

NPS SIS CONUT PNI
A) Overall Survival (n=415 patients)
Likelihood Ratio * 47.65 25.04 44.73 39.81
Linear Trend ® 45.64 24.42 42.96 38.32
B) Disease-free Survival (n=307 patients)
Likelihood Ratio® 44.24 21.26 38.86 33.42
Linear Trend® 43.47 18.97 35.54 33.03

a

chi-square test; higher values show better homogeneity (small difference in OS or DFS rate among patients classified into the same group by
that system)

b chi-square test; higher values mean monotonicity (the OS or DFS rates in a more favorable stage are always higher than the OS or DFS rates
in a worse stage)

NPS= Naples prognostic score, calculated by including the value of serum albumin, total cholesterol, neutrophil to lymphocyte ratio, and
lymphocyte to monocyte ratio; SIS= system inflammation score, developed based on serum albumin and lymphocyte to monocyte ratio;
CONUT= controlling nutritional status, a scoring system calculated by summing the value of serum albumin, total cholesterol, and total
lymphocyte count in the peripheral blood; PNI= prognostic nutritional index, calculated as follows: 10 x serum albumin (g/dL) + 0.005 x total
lymphocyte count in the peripheral blood.
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viously developed prognostic systems, NPS displayed the
best prognostic performance, matching the TNM stag-
ing system. Finally, this study is the first NPS valida-
tion, after its initial implementation in colorectal can-
cers where NPS performed as the best scoring system .26
Gastric cancer remains a worldwide challenge with dis-
appointing long-term results mainly due to predisposi-
tion of this tumor to locally recur and metastasize.
Therefore, identification of patients with high risk of
recurrence through clinically useful markers appears fun-
damental for sound strategies ?’. Recently, host charac-
teristics, particularly inflammatory and immune-nutri-
tional status, have been suggested to be crucial for tumor
growth and cancer progression 78. A number of candi-
date biomarkers has been investigated in the hope of
gaining preventive insights into cancer behavior. Indeed,
an optimal prognostic score must include inexpensive,
readily available, and reliable prognostic markers capable
of summarizing the main characteristics of the host %.
However, currently investigated prognostic systems have
had litdle diffusion due to inclusion of a limited num-
ber of biomarkers, different cutoff values, and lack of
robust statistical methods . In addition, very few stud-
ies have been carried out in gastric cancer patients. On
these premises, we developed a prognostic score includ-

ing variables capable of reflecting both immune-nutri-
tional and inflammatory host status. NPS includes serum
levels of albumin and total cholesterol that are known
to be important markers of malnutrition but also of sys-
temic inflammation 3*3%. Indeed, hypoalbuminemia and
hypocholesterolemia reflect malnutrition, however, at the
same time, albumin and cholesterol concentrations may
be reduced by pro-inflammatory substances, such as
cytokines 313940 In addition, NLR and LMR demon-
strated to be the best candidates to mirror inflammato-
ry and immune status 7%/. Neutrophilia reflects inflam-
mation while lymphocytes are essential for host immune
system to recognize and eliminate cancer cells “.
Consistently, an elevated NLR has been shown to cor-
relate with worse outcome in several human tumors
including gastric cancer '742. Monocytes differentiate into
tumor-associated macrophages within cancer microenvi-
ronment, where they may encourage tumor progression,
angiogenesis and metastases . A low LMR has been
shown to inversely correlate with prognosis in some
human tumors 2>3>3. To date, only four studies have
investigated the role of LMR in gastric cancer, with inter-
esting results %1122,

The most important issues with prognostic score systems
are represented by both the cutoff values and their cor-

Patients who underwent surgery for
pastric cancer from 2000 to 2015
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Fig. 1: Flow diagram of the analyzed cases.
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Fig. 2:

A) Overall survival rates in 80 patients (group 0) grouped as NPS=0, 220 patients (group 1) grouped as NPS=1, and 115 patients (group
2) grouped as NPS=2, who underwent surgery for gastric cancer.

(NPS1 hazard ratio (HR) = 2.04 (95% confidence interval (CI), 1.33-3.14); NPS2 HR = 4.27 (95% CI, 2.73-6.66); p < 0.001).

B) Disease-free survival rates in 69 patients (group 0) grouped as NPS=0, 156 patients (group 1) grouped as NPS=1, and 82 patlents
(group 2) grouped as NPS=2, who underwent potentially curative surgery for gastric cancer.

(NPS1 HR = 1.70 (95% CI, 0.98-2.96); NPS2 HR = 4.98 (95% CI, 2.85-8.68); p < 0.001)
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Fig. 3. Analysis of the predictive accuracy of different score systems through months of follow-up, computed by time-dependent receiver
operating characteristic analysis for censored survival data. The horizontal axis and the vertical axis represent months after surgery and the
estimated area under the curve (AUC), respectively. The tables under the graphics report AUC values for each staging system.

A) Overall survival (415 patients who underwent surgery for gastric cancer).

B) Disease-free survival (307 patients who underwent potendally curative surgery for gastric cancer).
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relations with other negative predictive factors that might
either obscure or alter their influence. We used the
MaxStat analysis to individuate the optimal cutoff value
for different biomarkers 222, This statistical method,
based on exact asymptotic distributions, iteratively tests
all possible cutpoints until the selected value corresponds
to the largest discrepancy between the lower and high-
er risk groups based on log-rank statistics, while con-
trolling for multiple variables 34. In the formulation of
this study, we decided to calculate NPS by leaving unal-
tered the cutoff values used in colorectal cancers 2°.
Interestingly, cutoff values for NLR and LMR, computed
by MaxStat analysis, were 3.22 and 3.48, respectively;
these values were really close to those used for NPS com-
putation (2.96 and 4.44, respectively). Besides, these val-
ues were quite similar to those selected in previous gas-
tric cancer studies %1124,

This study has some limitations. First, it was a single-
center study; however, selection bias was nonetheless
reduced by the large, prospectively collected series of con-
secutive patients. Second and most importantly, validity
and generazibility of these results need to be established
by testing the score in different geographic locations and
groups of patients .

NPS correlation with morbidity and outcome in gastric
cancer patients may have important clinical implications
both in pre- and postoperative settings. Accurate clini-
cal stage evaluation is crucial to decide on neoadjuvant
therapy, since understaging excludes patients who could
benefit from it, while overstaging exposes to the mor-
bidity of chemotherapy ?’. Unfavorable NPS scores could
be used to recommend neoadjuvant therapy in patients
judged borderline with current imaging techniques 2>%.
In addition, early detection and improvement of mal-
nutrition and inflammation may result in better patient
outcomes and prevention of postoperative complications
334647 Currently, we are investigating this tool in our
colorectal and gastric cancer patient populations in order
to preoperatively improve status in altered NPS subjects
2226

In conclusion, preoperative NPS is a simple, easily
obtainable scoring system, which has been shown to be
strongly associated with outcome in almost 1000 onco-
logical patients undergoing surgery, including 415 gas-
tric and 562 colorectal cancers. Patients with altered pre-
operative NPS values should be deemed at high risk for
tumor relapse and considered for tailored therapy.
Further independent validation is needed to conclusive-
ly address this issue and to determine whether this strat-
egy may be rewarding in the long-term.

Riassunto
Scoro: In molte neoplasie umane ¢ stato dimostrato che

il decorso della malattia oncologica non dipende solo
dallo stadio del tumore ma anche dalle condizioni del
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paziente, in particolare lo stato nutrizionale, immunolo-
gico ed infiammatorio. Nel cancro dello stomaco,
comunque, le esperienze sono ancora limitate. Lo scopo
principale di questo studio ¢ stato di valutare prospetti-
camente un nuovo sistema prognostico (definito Naples
Prognostic Score — NPS), e di confrontarlo con prece-
denti sistemi gia studiati come il PNI (Prognostic
Nutritional Index), il CONUT (Controlling Nutritional
Status), e il Systemic Inflammation Score (SIS).
METODI: Sono state calcolate le percentuali di sopravvi-
venza globale (OS) e di complicanze in 415 pazienti sot-
toposti a chirurgia per tumore dello stomaco dal gen-
naio 2000 al dicembre 2015. Le percentuali di soprav-
vivenza libera da malattia (DES) sono state valutate in
307 pazienti sottoposti a chirurgia potenzialmente cura-
tiva. Il sistema statistico MaxStat ¢ stato utilizzato per
identificare i migliori valori soglia dei differenti biomar-
catori, ed i punteggi del’NPS sono stati divisi in 3 grup-
pi (NPS 0-3). L’efficacia prognostica dei differenti siste-
mi di punteggio considerati ¢ stata investigata mediante
una sofisticata tecnica statistica costituita dalla Receiver-
Operating-Characteristic (ROC) Curve per i dat di
sopravvivenza censurati.

RisurtaT: Il nuovo sistema prognostico NPS ha dimo-
strato possedere una positiva correlazione statistica con i
precedenti sistemi (p <0,001), e gli stadi avanzati del
tumore (p <0,001). Nei pazienti con punteggi piu alti
di NPS sono state osservate un maggior numero di com-
plicanze postoperatorie (tutti i pazienti: p = 0,003;
pazienti trattati radicalmente: p = 0,010). Rispetto ai
pazienti con un punteggio uguale a 0 di NPS, i pazien-
ti con valori di NPS uguali a 1 o 2 hanno mostrato un
rischio maggiore (HR) di presentare una sopravvivenza
globale minore (NPS1 HR 2,04, NPS2 HR 4,27; p
<0,001), ed un pit breve decorso libero da recidiva neo-
plastica (NPS1 HR 1,70, NPS2 HR 4,98; p <0,001). Tra
i diversi sistemi di punteggio, solo 'NPS ¢ stato selezio-
nato come un fattore prognostico significativamente indi-
pendente per OS (p = 0.024) e DES (p = 0.009). L’analisi
ROC ha evidenziato che 'NPS ha dimostrato possedere,
tra i quattro sistemi analizzati, la migliore capacitd pro-
gnostica nell’identificare i pazienti ad alto rischio di reci-
diva neoplastica, ed ha quasi eguagliato l'attuale sistema
di stadiazione TNM.

Concrusiont: Il Naples Prognostic Score ¢ un sistema
prognostico facile da calcolare, ed appare essere positi-
vamente correlato ai risultati oncologici nei pazienti sot-
toposti a chirurgia per cancro dello stomaco.
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