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Abstract
Background A model that quantifies the risk of peritoneal recurrence would be a useful tool for improving decision-making 
in patients undergoing curative-aim gastrectomy for gastric cancer (GC).
Methods Five Italian centers participated in this study. Two risk scores were created according to the two most widely used 
pathologic classifications of GC (the Lauren classification and the presence of signet-ring-cell features). The risk scores 
(the PERI-Gastric 1 and 2) were based on the results of multivariable logistic regressions and presented as nomograms (the 
PERI-Gram 1 and 2). Discrimination was assessed with the area under the curve (AUC) of receiver operating curves. Cali-
bration graphs were constructed by plotting the actual versus the predicted rate of peritoneal recurrence. Internal validation 
was performed with a bootstrap resampling method (1000 iterations).
Results The models were developed based on a population of 645 patients (selected from 1580 patients treated from 1998 
to 2018). In the PERI-Gastric 1, significant variables were linitis plastica, stump GC, pT3–4, pN2–3 and the Lauren diffuse 
histotype, while in the PERI-Gastric 2, significant variables were linitis plastica, stump GC, pT3–4, pN2–3 and the presence 
of signet-ring cells. The AUC was 0,828 (0.778–0.877) for the PERI-Gastric 1 and 0,805 (0.755–0.855) for the PERI-Gastric 
2. After bootstrap resampling, the PERI-Gastric 1 had a mean AUC of 0.775 (0.721–0.830) and a 95%CI estimate for the 
calibration slope of 0.852–1.505 and the PERI-Gastric 2 a mean AUC of 0.749 (0.693–0.805) and a 95%CI estimate for the 
slope of 0.777–1.351. The models are available at www. perig astric. org.
Conclusions We developed the PERI-Gastric and the PERI-Gram as instruments to determine the risk of peritoneal recur-
rence after curative-aim gastrectomy. These models could direct the administration of prophylactic intraperitoneal treatments.
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Introduction

Gastric cancer (GC) is a disease characterized by a high rate 
of recurrence, which is reported in 40–61% of patients even 
after gastrectomy with curative intent [1, 2]. Metachronous 
peritoneal recurrence occurs in 10–46% of patients, repre-
senting 36–45% of all recurrence [3], with a reported median 
recurrence-free survival of 8.5–14 months [4, 5]. Prognosis 

after the development of carcinomatosis is dismal, with a 
median survival of 4–7 months and poor response to pal-
liative chemotherapy [6, 7]. The occurrence of peritoneal 
relapse is often perceived as unsurprising and somewhat 
unavoidable, as neither neoadjuvant nor adjuvant systemic 
chemotherapy is effective in limiting its onset, especially in 
locally advanced gastric cancer [4, 8–10]. For this reason, 
adjuvant intraperitoneal prophylactic therapies have been 
investigated, with promising results [11, 12]. However, the 
high morbidity of these treatments has limited their imple-
mentation in clinical practice due to the unclear balance 
between benefits and overtreatment.
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Quantifying the risk of peritoneal recurrence would be 
useful for improving decision-making in patients undergo-
ing gastrectomy with curative intent and identifying high-
risk patients who would probably benefit from prophylactic 
HIPEC or other intraperitoneal prophylactic treatments. The 
risk for carcinomatosis is influenced by specific GC sub-
types that express different peritoneal tropism, as in diffuse 
and signet ring cell GC [9, 10, 13], but to date, few studies 
have developed prognostic models quantifying the actual 
risk for peritoneal recurrence in patients undergoing gastrec-
tomy with curative intent [14], and even fewer have included 
indicators of the GC phenotype in these models[8, 15, 16].

The aim of our study was to develop a reliable peritoneal 
recurrence index to quantify the risk of peritoneal carcino-
matosis in patients treated with gastrectomy with curative 
intent.

Methods

Study design

This was a multicentric retrospective cohort study to develop 
a prediction model for prognostic purposes. This study is 
reported in accordance with the Transparent Reporting of a 
Multivariable Prediction Model for Individual Prognosis or 
Diagnosis (TRIPOD) reporting guideline statement checklist 
for prediction model development and internal validation 
[17]. The study was approved by the IRB of the Gemelli 
Hospital (IRB Protocol N. 3694).

Patient selection

The population of this study included all patients with his-
tologically proven gastroesophageal or gastric carcinoma 
undergoing gastrectomy with scurative intent between 
January 1998 and December 2018 at the following centers: 
General Surgery—Fondazione Policlinico Universitario “A. 
Gemelli” IRCSS (Roma, Italia), Azienda Ospedaliero—Uni-
versitaria di Orbassano (Orbassano, Torino, Italia), Surgical 
Oncology—IRCCS Humanitas Research Hospital (Milano, 
Italia), Istituto Europeo di Oncologia IRCCS (Milano, Ita-
lia) and ASST Settelaghi—Presidio Ospedaliero Gallarate 
(Varese, Italia). Study patients with pathological stage IB-III 
undergoing upfront gastrectomy and patients with gastric 
carcinomas in clinical Stage I–III or cT4bNxM0 undergo-
ing neoadjuvant therapy and subsequent gastrectomy with 
curative intent were included in this study. Patients under-
going R1–2 resection, patients undergoing less than D1+ 
lymphadenectomy, patients with metastatic disease (includ-
ing patients with positive peritoneal cytology), patients who 
died within 30 postoperative days, patients with incomplete 

data on pathological staging and patients with follow-
up < 18 months were excluded from the study.

Data collection

Data were retrospectively reviewed from prospectively 
collected datasets. Data collected from medical records 
included age, sex, location (with particular interest for the 
involvement of the EGJ) and grade of the tumor, peritoneal 
cytology results, type of upfront therapy (preoperative chem-
otherapy or surgery), type of gastrectomy, additional organ 
resection, type of lymphadenectomy, pathological staging, 
WHO classification, Lauren classification, presence of signet 
ring cells, presence of mucin, postoperative morbidity and 
survival outcomes [disease-free survival (DFS), progres-
sion-free survival (PFS) and overall survival (OS)]. Patients 
were classified according to the 8th edition of the American 
Joint Committee on Cancer manual [18]. The follow-up was 
conducted by the surgical teams at each center. Peritoneal 
recurrence was defined as any radiologic, laparoscopic, lapa-
rotomic, or histologic evidence of metachronous peritoneal 
carcinomatosis as the first recurrence site during follow-up.

Statistical analysis

Clinicopathological characteristics are summarized using 
frequencies and percentages for categorical variables and 
means (± standard deviations) or medians (ranges) for con-
tinuous variables. The characteristics of patients with or 
without peritoneal recurrence were compared using Pear-
son’s chi-squared test or Fisher’s exact test for categorical 
variables and Student’s t tests for continuous variables. The 
median follow-up was calculated as the median follow-up 
of survivors. DFS and OS were calculated from the date of 
gastrectomy. PFS was calculated from the date of recurrence. 
To select variables for the prognostic score, a backward mul-
tivariable logistic regression was conducted on the whole 
study population, including all variables that could poten-
tially be associated with peritoneal recurrence. Two mod-
els (1 and 2) were developed in parallel, using two widely 
used pathologic classifications of GC, namely, the Lauren 
classification and the presence of SRC features, to increase 
the possibility for a wider application in clinical practice. 
Indeed, the Lauren classification is not universally applied 
in all Western centers, whereas a report of the presence of 
SRCs features in the clinical specimen could be available 
instead. In this study, the use of SRC features instead of the 
classical WHO definition of SRC tumors (SRCs > 50%) has 
been favored, according to the results from several groups 
demonstrating that the presence of SRC features even < 50% 
is a significant prognostic value. [9, 19, 20].

The two models can be used separately. Accord-
ing to a rate of the event incidence detected in the series 
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(metachronous peritoneal carcinomatosis) of 9.9% and to a 
final number of 5 variables selected by multivariable logistic 
analysis, we performed a power analysis with the formula 
developed by Riley et al., setting a magnitude of required 
shrinkage of predictor effects of 0.06 [21] and obtaining 
a required sample size of 220 patients and 4.4 events per 
variable.

The risk scores for the expected outcomes (PERI-Gas-
tric 1 and 2) were calculated according to the constant and 
regression coefficients of the variables in the final multivari-
able model, and a conversion from odds ratios (ORs) to risk 
probability coefficients was performed according to the fol-
lowing formula p = exp (OR)/(1 + exp(OR)) × 100 to obtain 
a probability score of developing peritoneal carcinomatosis 
that is expressed from 0 to 100%. In parallel to the PERI-
Gastric point scores, a nomogram (the PERI-gram 1 and 2) 
was created using the Stata nomolog function [22].

Discrimination was assessed with the area under the 
curve (AUC) of receiver operating curves (ROCs) with the 
corresponding 95% confidence interval (95% CI). Calibra-
tion graphs were constructed by plotting the actual rate of 
peritoneal recurrence versus the predicted rate of peritoneal 
recurrence with the Stata pmcalplot function and calculating 
the slope equations with the Curve Estimation function in 
SPSS [23]. Internal validation was performed according to 
a bootstrap resampling method (1000 iterations) [24]: dis-
crimination was assessed using the Stata command rocreg, 
and calibration was tested with the calibrationbelt func-
tion and bootstrap resampling with pmcalplot [23, 25]. All 
analyses were performed using IBM SPSS for Macintosh, 
v. 25 (IBM Co., Armonk, NY, USA), Stata for Windows 
v. 15.0 (StataCorp, College Station, TX, USA) and Micro-
soft Excel for Macintosh v 16.3.1 (Microsoft Corporation 
(2018); retrieved from https:// office. micro soft. com/ excel). 
All tests were 2-sided with a significance level of 0.05.

Results

Study population

According to the inclusion and exclusion criteria, from an 
initial population of 1580 patients undergoing gastrectomy 
for GC, we selected 645 patients for inclusion in this study 
(Fig. 1). Their clinicopathologic characteristics are presented 
in Table 1. The median OS of survivors was 78 months 
(range 16–267). In patients with peritoneal recurrence, the 
median disease-free survival was 18 months (range 1–161), 
the median overall survival (OS) was 25 months after gas-
trectomy (range 5–184 months), and the median progres-
sion-free survival after recurrence was 5 months (range 
0–55).

Creation of the prognostic models, point scores 
and nomograms

To define the variables independently associated with peri-
toneal recurrence, two regressions were conducted using the 
Lauren classification and the presence of SRCs as major 
indicators of tumor histology, respectively (Tables 2, 3). 
According to the results, two point scores were created. The 
PERI-Gastric model including the Lauren classification (the 
PERI-Gastric 1) presented a – 2 log likelihood of 302 and a 
Nagelkerke R2 of 0.287. The PERI-Gastric model including 
the presence of SRCs (the PERI-Gastric 2) presented a– 2 
log likelihood of 305 and a Nagelkerke R2 of 0.270. 

The PERI-Gram 1 (Lauren) and 2 (SRC) nomograms 
visually displaying these models are presented in Fig. 2a, b.

Discrimination, calibration and internal validation 
of the models

When discrimination and calibration were tested in the 
whole population of the study, the AUC under the ROC 
curve (Fig. 2) was 0.828 (0.778–0.877) for the model includ-
ing the Lauren classification and 0.805 (0.755–0.855) for the 

Fig. 1  Flowchart of the selection process of the study population 
according to the inclusion and exclusion criteria

https://office.microsoft.com/excel
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model including SRCs. The assessment of the calibration 
plot showed that both models had good calibration, with 
coordinates for the linear equations of y = 0.61 + 1.020 × x 
for the PERI-Gastric 1 and y = 0.31 + 0.990 × x for the PERI-
Gastric 2 (Fig. 2).

After bootstrap resampling, the mean AUCs under the 
ROC curve ± SD were 0.775 (0.721–0.830) and 0.749 
(0.693–0.805). The calibration plot showed good accuracy 
for both models, with a 95% CI estimate for the slope of 
0.852–1.505 for the PERI-Gastric 1 and 0.777–1.351 for the 
PERI-Gastric 2 (Fig. 3).

Discussion

In this study, we present two prognostic models that can 
quantify the risk for metachronous peritoneal carcinoma-
tosis after gastrectomy with curative intent. Variables sig-
nificantly associated with peritoneal recurrence were linitis 
plastica, stump GC, pT3–4, pN2–3, and the Lauren clas-
sification/SRC histology.

Both models were shown to have good discrimination and 
accuracy, especially in the range of probability of peritoneal 
recurrence from 0 to 30–40% (Fig. 2c, d).

This study is in accordance with others that estimated the 
risk of peritoneal recurrence after gastrectomy with cura-
tive intent, which reported similar risk factors (pT4, positive 
nodal status, signet ring cells and undifferentiated gradings) 
[10]. In 2014, one Asian study developed a prognostic point 
score for peritoneal recurrence in 481 patients undergoing 
gastrectomy and adjuvant therapy (Fig. 4). This study iden-
tified pT ≥ 3, pN3, Borrmann type 4, Ming infiltrative type 
and venous invasion as prognostic factors [8]. A 2020 West-
ern study of 274 patients developed a prognostic score to 
identify patients at an increased risk of peritoneal recurrence 

Table 1  Clinicopathologic characteristics of 645 GC patients 
included in the study

Variables No peritoneal 
recurrence 
(n = 581)

Peritoneal 
recurrence 
(n = 64)

p value

Age 65 ± 12 65 ± 13 0.884
Sex 0.361
 M 352 (60.6) 35 (54.7)
 F 229 (39.4) 29 (45.3)

EGJ involvement 0.247*
 No 513 (88.3) 58 (90.6)
 Yes 53 (9.1) 3 (4.7)
 Not available 15 (2.6) 3 (4.7)

Location of the tumor  < 0.001
 Upper 99 (17) 11 (17.2)
 Middle 161 (27.7) 15 (23.4)
 Lower 305 (52.5) 25 (39.1)
 Stump GC 13 (2.2) 8 (12.5)
 Linitis plastica 3 (0.5) 5 (7.8)

Neoadjuvant therapy 0.941
 No 479 (82.4) 53 (82.8)
 Yes 102 (17.6) 11 (17.2)

Type of gastrectomy  < 0.001
 Subtotal 392 (67.5) 29 (45.3)
 Total 189 (32.5) 35 (54.7)

Type of lymphadenec-
tomy

1

 D1+ 12 (2.1) 1 (1.6)
 ≥ D2 569 (97.9) 63 (98.4)

Lauren type  < 0.001*
 Intestinal 314 (54) 14 (21.9)
 Mixed 56 (9.6) 6 (9.4)
 Diffuse 173 (29.8) 40 (62.5)
 Unknown 38 (6.5) 4 (6.3)

SRC features  < 0.001*
 No 377 (64.9) 25 (39.1)
 Yes 147 (25.3) 35 (54.7)
 Unknown 57 (9.8) 4 (6.2)

pT stage  < 0.001
 0 (complete 

response)
7 (1.2) 0 (0)

 1 62 (10.7) 2 (3.1)
 2 164 (28.2) 1 (1.6)
 3 197 (33.9) 27 (42.2)
 4 151 (26) 34 (53.1)

pN stage  < 0.001
 0 182 (31.3) 11 (17.2)
 1 172 (29.6) 8 (12.5)
 2 120 (20.7) 17 (27.6)
 3 107 (18.4) 28 (43.8)

Cytology 0.647*
 Negative 229 (39.4) 24 (37.5)
 Inconclusive 2 (0.3) 0 (0)

Table 1  (continued)

Variables No peritoneal 
recurrence 
(n = 581)

Peritoneal 
recurrence 
(n = 64)

p value

 Not assessed 350 (60.23 40 (62.5)
Complications (all) 0.337
 No 431 (74.3) 44 (68.8)
 Yes 149 (25.7) 20 (31.3)

Adjuvant therapy 0.095*
 No 285 (49.1) 24 (37.5)
 Yes 262 (45.1) 35 (54.7)
 Unknown 34 (5.9) 5 (7.8)

Other recurrence –
 No 444 (76.4%) –
 Yes 137 (23.6%) –

*p values are calculated excluding the missing data
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after curative gastrectomy, identifying sex, pT stage, grad-
ing and signet ring cell histology as significant variables 
and detecting an 8.8-fold increased risk of peritoneal recur-
rence in patients with 3 or 4 of these factors [16]. This study 
included only patients with previously documented GC 
recurrence, and therefore, its clinical applicability was lim-
ited. The present study aimed to create an instrument capa-
ble of intraoperative risk stratification for all GC patients, 
allowing accurate planning of the surgical procedure and 
possible adjunctive intraperitoneal procedures.

According to previous reports, linitis plastica is associ-
ated with an increased risk of peritoneal recurrence [26, 
27]. There are few reports on the biological behavior of 
stump GC in the Western literature, accounting for only a 
small number of cases [28], while in Eastern countries with 
screening programs, the outcomes of early-detected stump 
GC are reported to be similar to those of primary early GC 
[29]. Accordingly, the risk of metachronous peritoneal carci-
nomatosis in patients with stump early GC in the nomogram 
is below 5%. Nevertheless, studies conducted in Japan before 
the beginning of the national screening program and in other 
Eastern countries without a screening program reported that 
stump GC is usually associated with a worse prognosis [30], 
diagnosed at a highly advanced stage, with distant lymph 
node and peritoneal involvement [31].

The combinations of advanced pT (pT3–4), advanced pN 
stage (pN2–3) and specific histopathology (Lauren diffuse 
or SRC GC) accounted for only approximately 30% of the 
risk of peritoneal carcinomatosis. The remaining risk, rather 

than being random, could be represented by unmeasured 
positive cytology (reported as positive in up to 13.2% of 
patients without macroscopic peritoneal disease [27]) and 
peritoneal contamination occurring during surgery [32] (cur-
rently unmeasured).

The main implication of this study is the potential for 
change in the clinical practice. The application of prophy-
lactic intraperitoneal treatments is still controversial due to 
an unclear balance between their efficacy and the risk of 
overtreatment, as an increased rate of postoperative compli-
cations could occur even in expert hands [11, 12]. Moreover, 
the healthcare costs of intraperitoneal treatment are a major 
issue not only in countries with an insurance-based health 
system but also in countries with a DRG (Diagnosed related 
groups) reimbursement system [33]. Indeed, in the current 
(Western) guidelines, intraperitoneal adjuvant prophylactic 
therapies are not recommended outside of the context of 
clinical research [34, 35]. This article aims to be a starting 
point for setting the criteria to administer prophylactic intra-
peritoneal treatments, only if their efficacy will be validated.

Among the prophylactic intraperitoneal treatments, 
HIPEC is probably the most studied, followed by early 
postoperative intraperitoneal chemotherapy (EPIC) and 
normothermic intraperitoneal chemotherapy (NIC). Pro-
phylactic intraperitoneal chemotherapy after gastrectomy 
carries a nonnegligible increase in postoperative morbidity 
(reported odds ratios range from 1.74 to 1.82) [11, 12], 
and its efficacy is still debated. Indeed, previous Western 
RCTs have not proven that there is a survival benefit for 

Table 2  PERI-Gastric 1: results 
of the multivariable logistic 
regression analysis for factors 
associated with peritoneal 
recurrence (conducted on 603 
patients)

Variables entered on step 1: age, gender, location (linitis, stump, upper, middle, lower), pT34, pT4, pNplus, 
pN23, Lauren type (intestinal, mixed, diffuse), neoadjuvant therapy, adjuvant therapy

Beta coefficient p value Odds ratio Lower CI 95% Higher CI 95%

Linitis 2.382 0.004 10.825 2.096 55.897
Stump 2.359 0.000 10.575 3.118 35.865
pT3-4 2.169 0.000 8.746 2.610 29.306
pN2-3 1.007 0.003 2.738 1.418 5.286
Diffuse 1.401 0.000 4.059 2.187 7.535
Constant − 5.452 0.000 0.004

Table 3  PERI-Gastric 2: results 
of the multivariable logistic 
regression analysis for factors 
associated with peritoneal 
recurrence (conducted on 584 
patients)

Variables inserted in step 1: age, gender, location (linitis, stump, upper, middle, lower), pT34, pT4, pNplus, 
pN23, presence of SRC features, neoadjuvant therapy, adjuvant therapy

Beta coefficient p value Odds ratio Lower CI 95% Higher CI 95%

Linitis 2.032 0.011 7.630 1.584 36.761
Stump 2.546 0.000 12.758 4.187 38.875
pT3-4 2.083 0.001 8.029 2.404 26.817
pN2-3 0.949 0.005 2.584 1.337 4.992
SRC 1.097 0.000 2.997 1.623 5.532
Constant − 5.126 0.000 0.006
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prophylactic HIPEC [36, 37], even though the negative 
results of these studies could be concluded to be due to a 
low study power caused by a small sample size and pos-
sible inappropriate selection of included patients. Some 
promising results for prophylactic HIPEC were detected 
in Japanese RCTs [38, 39]. A 2014 meta-analysis of RCTs 
including all prophylactic strategies (HIPEC, EPIC and 
NIC) reported a significant reduction in peritoneal recur-
rence in patients treated with intraperitoneal chemotherapy 

versus surgery alone (OR 0.47, 95% CI 0.35–0.63) [11]. 
However, another recent meta-analysis of randomized and 
nonrandomized clinical studies on prophylactic HIPEC 
have not proven that this strategy has a significant effect on 
survival and peritoneal recurrence in the RCT arm (even if 
a tendency toward significance was documented and bor-
derline significance was identified for 5-year survival—
OR 0.82 95% CI 0.67–1.00) [12]. Recently, a Chinese 
randomized case–control study reported a significantly 

Fig. 2  a The PERI-Gram 1—
prognostic nomogram predict-
ing the risk of metachronous 
peritoneal carcinomatosis after 
curative gastrectomy, which 
was derived from multivariable 
logistic regression including 5 
variables: the Lauren histotype, 
pathological N2 or N3 disease 
(involvement of more than 3 
lymph nodes), pathologic T3 
or T4 disease, stump GC or a 
GC presenting as linitis plastica 
(GC involving more than 2/3 of 
the stomach). b The PERI-Gram 
2—prognostic nomogram pre-
dicting the risk of metachronous 
peritoneal carcinomatosis after 
curative gastrectomy, which 
was derived from multivariable 
logistic regression including 5 
variables: the presence of SRC 
features, pathological N2 or N3 
disease (involvement of more 
than 3 lymph nodes), pathologic 
T3 or T4 disease, stump GC or 
a GC presenting as linitis plas-
tica (GC involving more than 
2/3 of the stomach)
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higher 3-year DFS rate (93 vs 65%) and lower peritoneal 
recurrence rate (23 vs 3%) for prophylactic HIPEC versus 
standard gastrectomy [40]. The European GASTRICHIP 
phase III RCT, which is currently ongoing, is evaluating 
the survival benefit of prophylactic HIPEC as an adjunct to 
perioperative therapy and gastrectomy in patients with T4 
or N+ disease and/or positive cytology [41], and another 
RCT with the same purpose, the GOETH, was recently 
registered [42].

Notwithstanding the results of these RCTs, it should be 
clear that for patients at high risk for peritoneal carcinoma-
tosis (due to undetected positive cytology, contamination 
occurring during surgery, or disease biology), effective 
strategies to prevent peritoneal carcinomatosis are strongly 
needed. Indeed, peritoneal recurrence is frequent, poorly 
preventable with the current clinical strategies and has 
devastating implications, as patients developing metachro-
nous peritoneal carcinomatosis have a dismal prognosis 

Fig. 3  ROC curves representing the discrimination of the PERI-Gastric 1 (a) and 2 (b), respectively; Calibration curves for the PERI-Gastric 1 
(c) and 2 (d), respectively
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and poor survival (usually < 8 months) [6, 7]. A high risk 
of peritoneal recurrence (i.e. ≥ 25 to 30%), independent of 
the administration of systemic therapy, could be a strong 
rationale for the use of prophylactic intraperitoneal treat-
ments, after an accurate risk/benefit analysis of the long-
term risks associated with peritoneal recurrence and the 
short-term risks associated with the specific intraperito-
neal procedure. In the future, if prophylactic intraperito-
neal procedures would be validated as effective measures, 
it could even be hypothesized that GC patients at high risk 
of peritoneal recurrence may be better treated in centers 
with such an expertise, or that the skill set of a gastric 
cancer surgeon should include a specific training in intra-
peritoneal procedures.

This study included both patients undergoing periopera-
tive treatment or upfront surgery and those undergoing or 
not undergoing adjuvant treatment. This could be considered 
a confounding bias, even though treatment bias was adjusted 
for in the logistic multivariable analysis, and no significant 
associations were detected between both neoadjuvant and 
adjuvant therapy and peritoneal recurrence. This is in line 
with our previous results [9] and with other studies reporting 
that peritoneal recurrence is rarely controlled with preopera-
tive systemic chemotherapy [4, 10]. Moreover, peritoneal 
recurrence is the most common recurrence type even in 
patients treated with adjuvant chemotherapy [8]. This has 
been attributed to the limited obtainable drug concentration 
in the peritoneal cavity by most systemic chemotherapeutics 
[43]. For the aim of this study, we considered all patients 
undergoing curative intent D1+ and D2 gastrectomy with 
peritoneal carcinomatosis as the first site of recurrence, 
hence the recurrence rate (9.9%) is apparently lower com-
pared with the rate reported in literature usually based only 
on Stage II–III or on patients with recurrence. Overall, these 

data do not seem to differ significantly from those of the 
available Western literature [44, 45].

The main weakness of this study was that the pathologi-
cal variables included in the score were obtained postop-
eratively, limiting the value of a score intended for use as 
a preoperative/intraoperative risk assessment. This is the 
same limitation of most RCTs on prophylactic HIPEC, that 
include patients based on the preoperative/intraoperative 
staging [40, 42]. However, the pathologic type (Lauren and 
SRC) and the disease staging may be determined preopera-
tively (from endoscopic biopsies and preoperative staging 
exams) [46, 47], allowing for appropriate intraoperative 
decisions regarding the need for prophylactic intraperito-
neal treatments. The accuracy of the clinical staging of GC 
is often reported to be suboptimal [48] but could nonetheless 
be optimized by the combination of diagnostic endoscopy as 
well as staging CT scan and diagnostic laparoscopy [49], and 
there are active research topics in the fields of image pro-
cessing and interpretation by artificial intelligence methods 
that could further increase the accuracy of clinical staging 
in the next years [50]. Another limitation of this study is the 
unavailability of peritoneal cytology for most of the included 
patients. Positive cytology indicates stage IV disease and 
is a prognostic factor associated with worse outcomes and 
higher peritoneal recurrence rates. However, the cytologic 
examination has been found to have low sensitivity and poor 
reproducibility in most centers and is often not obtainable 
intraoperatively with the current available methods [51, 52]. 
Moreover, the cytology status of some patients could change 
before and after preoperative chemotherapy [53]. Due to 
these current limitations, patients with positive cytology 
are usually included in trials on prophylactic HIPEC [41, 
42]. Due to the relevance of this topic, a widespread use 
of diagnostic laparoscopy and the effort to introduce fast 

Fig. 4  Calibration curves and confidence intervals obtained with the calbrationbelt Stata function for the PERI-Gastric 1 (a) and 2 (b), respec-
tively
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and reliable techniques for cytology in every gastric cancer 
center should be valued to improve the intraoperative esti-
mation of the risk of peritoneal diffusion (due to pre-existing 
peritoneal free cancer cells or contamination occurring dur-
ing surgery) [54, 55].

This is the largest multicentric Western study that devel-
oped a prognostic model to assess the risk of peritoneal 
recurrence after gastrectomy with curative intent. It was also 
the first to develop a point score and prognostic nomogram. 
Nomograms are visual representations of point scores. Both 
nomograms and point scores can assess the probability of 
a clinical event, and therefore, they have been regarded as 
an immediate, yet more advanced, method compared with 
traditional staging systems (i.e., the TNM). They have the 
advantage of estimating individualized risks and the poten-
tial to improve decisions on targeted treatments [56]. Previ-
ous studies showed a similar recurrence pattern for patients 
treated with a curative aim at Western centers [5, 9], sug-
gesting that this score could be widely applicable for at least 
stratifying the risk of Western GC patients.

Overall, according to current knowledge and clinical 
practice, we believe that the PERI-Gastric and the PERI-
Gram represent practical and effective instruments for pre-
dicting the prognosis of radically resected GC patients in 
terms of the risk of peritoneal recurrence. They are valu-
able for identifying a subset of patients who could benefit 
from the application of effective intraperitoneal prophylac-
tic treatments. Moreover, they could help with the accurate 
risk stratification of patients included in previous low-power 
RCTs and appropriate enrollment of future RCTs on prophy-
lactic intraperitoneal treatments. Last, they could be used to 
identify categories at high-risk risk of peritoneal carcino-
matosis to improve the follow-up plans (i.e., posing an early 
suspect of recurrence).

Conclusions

The PERI-Gastric and PERI-Gram make it possible to quan-
tify the risk of metachronous peritoneal carcinomatosis and 
represent useful tools for improving decision making for 
patients undergoing gastrectomy with curative intent and 
selecting high-risk patients for prophylactic intraperito-
neal treatments. They could also be useful for weighing the 
results of past and future RCTs assessing the benefits of 
prophylactic HIPEC based on the actual risk of peritoneal 
carcinomatosis in every patient. A free online calculation 
tool based on the PERI-Gastric models is available at the 
following link: www. perig astric. org.
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