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Abstract
BACKGROUND
[bookmark: OLE_LINK195][bookmark: OLE_LINK196][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In the molecular era, the Laurén system is still a cost-effective and widely implemented classification for gastric cancer (GC) and it has been recently associated with clinical, histological and molecular features of these tumors. Despite recent advances in the understanding of the molecular biology of GC, there is a need to develop new prognostic tools for patient stratification in clinical practice. Thus, the identification of easily available prognostic factors in patients with intestinal and diffuse-type tumors can significantly improve risk assessment and patient stratification in GC.

AIM
[bookmark: OLE_LINK197][bookmark: OLE_LINK198][bookmark: OLE_LINK199]To identify clinicopathological differences, risk factors, and to develop cost-effective prognostic scores for patients with intestinal and diffuse-type GC.

METHODS
[bookmark: OLE_LINK200][bookmark: OLE_LINK201][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Retrospective study of all patients undergoing surgery for GC at a tertiary referral center from 2001 to 2019. 286 cases met inclusion criteria (intestinal: 190, diffuse: 96). Clinical data and gross findings were collected. All specimens were reviewed by two independent pathologists and a detailed protocol for histologic evaluation was followed. Five tissue microarrays (TMAs) were constructed and sections of the TMA block were immunostained for HERCEPTEST, MSH2, MSH6, MLH1 and PMS2. Statistical analyses were performed and prognostic scores were developed based on hazard ratios.

RESULTS
[bookmark: OLE_LINK202][bookmark: OLE_LINK45][bookmark: OLE_LINK46]Intestinal and diffuse-type GC showed different epidemiological, clinicopathological and prognostic features. Diffuse tumors were significantly associated with younger age, less symptomatology, flat morphology, deeper invasion, perineural infiltration, advanced stage at diagnosis, administration of adjuvant therapy and poorer prognosis. Intestinal lesions were fungoid or polypoid, showed necrosis, desmoplasia, microsatellite instability and HERCEPTEST positivity and were diagnosed at earlier stages. Tumor depth, desmoplasia, macroscopic type and lymph node involvement were independently related to the Laurén subtype. Furthermore, intestinal and diffuse GC were associated with different risk factors for progression and death. Vascular invasion, perineural infiltration and growth pattern were important prognostic factors in intestinal-type GC. On the contrary, tumor size and necrosis were significant prognosticators in diffuse-type GC. Our recurrence and cancer-specific death scores for patients with intestinal and diffuse-type GC showed an excellent patient stratification into three (diffuse GC) or four (intestinal) prognostic groups.

CONCLUSION
[bookmark: OLE_LINK203][bookmark: OLE_LINK204][bookmark: OLE_LINK43][bookmark: OLE_LINK44]Our findings support that Laurén subtypes represent different clinicopathological and biological entities. The development of specific prognostic scores is a useful and cost-effective strategy to improve risk assessment in GC.
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[bookmark: OLE_LINK193][bookmark: OLE_LINK194]Core Tip: In the molecular era, the Laurén system is a cost-effective and widely implemented classification. The identification of easily available prognostic factors in intestinal and diffuse-type tumors may significantly improve patient stratification in gastric cancer (GC). In this study, the authors found that intestinal and diffuse-type GC show different epidemiological, clinical and prognostic features. Laurén subtypes were also associated with different risk factors for tumor progression and death. Finally, separate clinicopathological scores for patients with intestinal and diffuse-type GC showed an excellent prognostic stratification. The development of specific prognostic scores is a useful, cost-effective strategy to improve risk assessment in GC.

INTRODUCTION
[bookmark: OLE_LINK205][bookmark: OLE_LINK206][bookmark: OLE_LINK69][bookmark: OLE_LINK70]Gastric cancer (GC) is an aggressive tumor which is usually diagnosed at advanced stages in western countries[1,2]. It can be classified according to its location, macroscopical or microscopical features[3,4]. Although several histological-based classifications have been proposed, only the Laurén and the most recent WHO classification are currently widely used[5]. The Laurén system has been extensively adopted by clinicians and pathologists since its publication in 1965 and it can be easily evaluated in conventional paraffin-embedded hematoxylin-eosin-stained slides[6]. This classification divides GC into intestinal, diffuse and mixed types, depending on the tumor architecture, growth pattern and cell morphology. Intestinal-type GC is composed of glandular structures accompanied by papillary or solid components. On the other hand, diffuse-type GC is composed of loosely attached cells growing as small clusters or scattered cells with an infiltrative pattern. This classification has been variably associated with clinicopathological features[7,8]. Intestinal tumors occur more frequently in older men and they are related to Helicobacter pylori (H. pylori) infection and environmental factors. Furthermore, most studies have identified Laurén subtype as an independent prognosticator in GC[9-11].
[bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK54]Recent technological advances have allowed us to improve the understanding of the molecular biology of GC[12]. In 2014, The Cancer Genome Atlas (TCGA) Research Network defined four molecular subtypes of GC: tumors positive for Epstein-Barr virus, microsatellite unstable tumors (MSI), genomically stable tumors (GS) and tumors with chromosomal instability (CIN)[13]. Laurén classification has also been correlated with these molecular groups[14,15]. 
The only curative treatment for GC is surgery and localized tumors are treated by total or subtotal gastrectomy. However, patient prognosis is poor with estimated 5-year survival rates lower than 30%[16]. There is an urgent need to identify potential therapeutic targets and prognostic factors in GC in order to improve patient subclassification and response to therapy. It has been suggested that diffuse GC may benefit from broader surgical margins, extended lymphadenectomy and hyperthermic intraperitoneal chemotherapy (HIPEC) for peritoneal metastasis[17,18]. Interestingly, diffuse GC may be more resistant to standard chemotherapeutic regimens than intestinal GC, and several investigators have recommended the use of the Laurén classification in clinical trials[19].
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]In summary, in the era of molecular medicine, the Laurén system is a cost-effective and widely implemented classification which has been associated with clinical, pathological, prognostic and molecular features. Thus, Laurén subtypes can be considered distinct entities that differ in their histology, biology, and clinical behavior, and the identification of easily available prognostic factors in patients with intestinal and diffuse-type tumors may significantly improve risk assessment and patient stratification in GC.
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]In this study, our objectives were to: (1) Assess the clinicopathological differences between Laurén subtypes; (2) Identify and compare the clinicopathological risk factors for recurrence and cancer-specific death of patients with intestinal and diffuse-type GC; and (3) Develop specific cost-effective prognostic scores for overall survival (OS) and disease-free survival (DFS) for patients with intestinal and diffuse GC. As far as we know, no other study has developed specific clinicopathological prognostic scores for patients with intestinal and diffuse-type GC.

MATERIALS AND METHODS
Study design
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK57][bookmark: OLE_LINK58]This is a retrospective study including all patients undergoing surgery for GC at a tertiary referral hospital in Madrid (Spain) from 2001 to 2019. All tumors were treated by total or subtotal gastrectomy with D1 or D2 lymphadenectomy. Clinical records were reviewed and demographic, clinical and follow-up information was retrieved including age at diagnosis, sex, symptoms (local and systemic), smoking and drinking habits, treatment, tumor recurrence and cause of death. Gross findings (tumor size, tumor location, macroscopic type) were collected from the database of the Department of Surgical Pathology (PatWin). The study was reviewed and approved by the institutional review board of the hospital. 

Histopathological study
[bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK63][bookmark: OLE_LINK64]All tumors were formalin-fixed and embedded in paraffin. Slides were reviewed by two independent pathologists following a detailed protocol for histologic evaluation. Discordant cases were conjointly reviewed. Main microscopic features were assessed including tumor type (Laurén classification), histologic grade, presence of signet-ring cells (independently of the percentage of signet-ring cells), tumor budding, perineural infiltration, lymphovascular invasion, growth pattern (expansive or infiltrative), desmoplasia, necrosis, surgical margins, tumor depth (T stage), number of lymph node (LN) dissected, number of metastatic LN and lymph node ratio (LNR). The LNR was defined as the ratio between the number of metastatic LN and the total number of LN retrieved from the resection specimen. LNR was treated as a quantitative variable. All cases were staged according to the 8th edition of the American Joint Committee on Cancer tumor, node, metastasis (TNM) classification of GC[20].

Immunohistochemical study
[bookmark: OLE_LINK65][bookmark: OLE_LINK66]Five tissue microarrays (TMAs) including a subgroup of cases from the GC cohort were assembled for immunohistochemical (IHC) analysis. TMAs were constructed using the MTA-1 tissue arrayer (Beecher Instruments, Sun Prairie, United States) and contained 2 cores per case (diameter: 1 mm). Representative areas were pre-selected by a pathologist and corresponded to the center and leading edge of each tumor. Cores were punched out from the donor block and transferred into a TMA. 2 μm sections were obtained from the TMA block for IHC study. Slides were deparaffinized by incubation at 60ºC for 10 min and incubated with Dako PT-Link for 20 min at 95ºC in a high pH buffered solution. Holders were incubated with peroxidase blocking reagent (Dako, Denmark) to block endogenous peroxidase. Sections were incubated for 20 min with the primary antibodies followed by incubation with the appropriate anti-Ig horseradish peroxidase-conjugated polymer (EnVision, Dako, Denmark) to detect antigen- antibody reaction. Then, biopsies were visualized with 3,3’-diaminobenzidine as a chromogen for 5 min and counterstained with hematoxylin. Sections of the TMA block were immunostained for HERCEPTEST, MSH2, MSH6, MLH1 and PMS2 (all antibodies prediluted; Dako, Denmark). Positive and negative controls were included. IHC markers were evaluated by two experienced pathologists. Staining intensity, location and percentage of cells stained were assessed for all antibodies. For the aims of this study, HERCEPTEST was evaluated according to the CAP recommendations. MSI tumors showed complete loss of MLH1, MSH2, MSH6 and/or PMS2 IHC expression.

Inclusion criteria
We reviewed all GC resected in our institution between 2001 and 2019. After data collection, patients receiving neoadjuvant therapy, metastatic tumors at diagnosis, patients with R1 or R2 resections and tumors of the mixed type were excluded from the study. 

Statistical analysis 
All data was stored in an anonymized Excel file and analyzed using IBM SPSS statistics (V20). Qualitative variables were described as frequencies. Quantitative variables were expressed as mean ± SD or median with range, as appropriate. For the analysis of the association between variables, we have performed χ2 (chi)-squared test for qualitative data and Student’s t-test for dichotomic quantitative variables. Statistical significance was settled at a P value < 0.05. 
Multivariate analyses were performed by Cox regression (backward stepwise method), and regression models were adjusted for potential confounders. Two models (OS and DFS) were calculated for each Laurén subtype.
Prognostic scores for tumor progression and death were developed based on the hazard ratios of significant independent prognostic factors, as seen in other studies[21]. Two prognostic scores (one for recurrence and one for cancer-specific death) were constructed for each Laurén subtype.
OS and DFS curves according to the prognostic scores were estimated by Kaplan Meier analysis and significance was tested with the log-rank test. Receiver operating characteristic curves for cancer-specific death and progression were plotted. The area under the curve (AUC) was calculated for each prognostic score.

RESULTS
[bookmark: OLE_LINK207][bookmark: OLE_LINK208]A total of 377 GC were resected in our institution between 2001 and 2019. Final analyses included 286 patients with pure intestinal-type GC (n = 190) and diffuse-type GC (n = 96). Clinicopathological features of our cases are presented in Supplementary Table 1. Mean age at diagnosis was 72 years and most patients were symptomatic (90.2%). Mean tumor size was 43 mm and most lesions were located in the gastric antrum (56.1%) and body (34.5%). According to their macroscopic appearance, tumors were mainly fungoid (36%) or ulcerative (31.8%). Microscopically, 66.4% of GC were intestinal (n = 190) and 33.6% were diffuse (n = 96). 35.1%, 35.1% and 50.5% of cases showed vascular invasion, perineural infiltration and desmoplasia, respectively. IHC was performed in 172 GC (intestinal n = 107, diffuse n = 65): 28.5% were microsatellite unstable and most cases were HERCEPTEST 0 (91.9%).Patients were diagnosed at stages I (27.2%), II (31.8%) and III (40.5%). 18% of patients received adjuvant therapy. Mean follow-up was 46.5 mo (0-208 mo). During follow-up, 36.6% of tumors recurred and 26.8% of patients died due to tumor. 

Clinicopathological differences between Laurén subtypes
Clinicopathological features of our cases depending on the Laurén subtype are summarized in Supplementary Table 1. Univariate analysis (Table 1) showed a significant association between Laurén subtypes and patient age, tumor depth, macroscopic type, local symptoms, necrosis, perineural infiltration, intratumoral inflammatory infiltration, desmoplasia, MSI, HERCEPTEST, T, N, LNR, adjuvant therapy, tumor recurrence and patient death. Diffuse tumors were diagnosed at advanced stages in younger patients with less local symptoms. They infiltrated deeper into the gastric wall, had flat morphology and higher rates of perineural infiltration. MSI was infrequent and HERCEPTEST was negative (0) in all cases. Adjuvant treatment was administered more frequently to patients with diffuse GC. Intestinal lesions were more frequently fungoid or polypoid, showed necrosis and desmoplasia, and were diagnosed at earlier stages. In respect of patient prognosis, diffuse GC was significantly associated with higher rates of tumor recurrence and cancer-specific death. Multivariate analysis is presented in Table 2. DFS and OS curves according to the Laurén classification are shown as Supplementary Figures 1 and 2, respectively.

Prognostic factors in intestinal and diffuse-type GC
Intestinal GC: Univariate analysis is summarized in Supplementary Table 2. Tumor recurrence was significantly associated with perineural infiltration, vascular invasion, T, N, TNM stage and LNR. The relationship between tumor budding or MSI and recurrence tended to be significant (P = 0.057 and 0.084, respectively). Death due to GC was significantly related to infiltrative growth pattern, vascular invasion, T, N, TNM stage and LNR. Presence of necrosis and MSI approached significance (P = 0.088 and 0.096, respectively). Multivariate analysis is presented in Table 3: LNR, vascular invasion and T stage were independent risk factors for tumor recurrence, whereas LNR and growth pattern were independently associated with tumor death.

Diffuse GC: Univariate analysis is summarized in Supplementary Table 2. GC recurrence was significantly related to tumor size, T, N, TNM stage and LNR; and death due to GC was significantly associated with tumor necrosis, presence of systemic symptoms, N, TNM stage and LNR. The association between cancer-specific death and vascular invasion, T stage and tumor size tended to be significant (P = 0.059, 0.058 and 0.08, respectively). Multivariate analysis (Table 3) identified tumor size and LNR as independent predictors of tumor recurrence. Necrosis and LNR were independent risk factors for death due to GC.

Prognostic scores for patients with intestinal and diffuse-type GC
Intestinal GC: Two prognostic scores were constructed based on hazard ratios (Table 4). The recurrence score included T stage, LNR and vascular invasion; total score ranged from 0 to 9. Kaplan-Meier curves showed an excellent patient stratification into four prognostic groups (S1-S4, P < 0.001, Figure 1A). Mean DFS times were 161, 129, 83 and 61 mo for S1-S4 cases, respectively. The risk score for predicting cancer-specific death included LNR and growth pattern; total score ranged from 0 to 37. Cases were divided into four categories (S1-S4). This score showed a good prognostic performance by Kaplan-Meier analysis (P < 0.001, Figure 1B). Mean OS was 170, 132, 77 and 67 mo for S1-S4 patients. AUC values of the prognostic scores for recurrence and cancer-specific death were 0.745 and 0.763, respectively (Supplementary Table 3).

Diffuse GC: Prognostic scores for diffuse-type GC are presented in Table 5. The score for predicting tumor recurrence included tumor size and LNR; total score ranged from 0 to 120. The score for cancer-specific death included tumor necrosis and LNR; total score ranged from 0 to 10. Both prognostic scores showed an excellent risk stratification of patients into three groups (S1-S3, P < 0.005, Figure 2). Mean DFS was 93, 90 and 33 mo (S1-S3 patients) and mean OS was 145, 86 and 16 mo (S1-S3 patients). AUC values of the prognostic scores for recurrence and cancer-specific death were 0.674 and 0.710, respectively (Supplementary Table 3).

DISCUSSION
[bookmark: OLE_LINK209][bookmark: OLE_LINK210]The global incidence of GC has been decreasing in recent years and this fact may be due to the detection and eradication of H. pylori and improvements in food preservation[22–24]. However, the relative incidence of diffuse GC is consequently increasing[25]. As previously mentioned, the Laurén system was developed in 1965 as a “histo-clinical classification”. After this first description of intestinal and diffuse-type GC, several studies have variably associated Laurén subtypes with clinicopathological features of GC, including patient age, sex or macroscopic morphology[7,8,26]. In our series, Laurén subtypes showed significant differences in age at diagnosis, tumor depth, macroscopic type, local symptoms, necrosis, perineural infiltration, intratumoral inflammatory infiltration, desmoplasia, T, N, LNR and administration of adjuvant therapy. 
In respect of GC prognosis, the relationship between Laurén subtypes and patient outcomes is still controversial. In this study, we observed that diffuse GC showed higher rates of recurrence and cancer-specific death than intestinal tumors. Furthermore, in a previous study, we identified Laurén subtype as an independent prognostic factor for both DFS and OS in a subgroup of patients with GC from our institution[27]. Most authors have found that diffuse tumors are significantly and independently related to poor prognosis[10,28,29], but other studies have not confirmed these findings[30,31]. A recent meta-analysis including 73 publications and more than 61000 patients further confirmed the prognostic value of the Laurén classification[32].
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]The huge impact of technological advances on GC diagnosis and pathogenesis has led to the development of new molecular-based classifications[33]. However, molecular studies are expensive and these classifications have not been implemented in practice. The most important systems have been published by TCGA in 2014 and the Asian Cancer Research Group (ACRG) in 2015[13,34]. TCGA defined four subtypes: tumors positive for Epstein-Barr virus, MSI tumors, GS tumors and tumors with CIN[13]. ACRG divided GC into p53 active, p53 inactive, mesenchymal and MSI GC[34]. Most GS and mesenchymal tumors are diffuse and most cases of MSI and CIN GC are intestinal-type tumors[35]. Intestinal tumors are associated with MSI and show higher mutation rates and more copy-number alterations than diffuse-type GC. On the other hand, diffuse GC is related to CDH1 mutation, and approximately 9% of these tumors present MSI[36]. Recent studies have also shown that HER2 positivity is more frequently seen in intestinal-type GC[37,38]. Our results support these findings: we observed that intestinal-type tumors are associated with higher rates of MSI (34.6% vs 18.5%) and HERCEPTEST positivity. 6.7%, 3.8% and 3.8% of intestinal cases were 1+, 2+ and 3+, respectively, whereas all diffuse tumors were HERCEPTEST negative (0). 
[bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75]Laurén classification may also play a role in patient management and response to therapy[39]. Early GC can be treated by endoscopic resection and standard criteria include well or moderately differentiated GC confined to the mucosa, size ≤ 20 mm and absence of lymphatic or venous invasion[40,41]. Current expanded criteria for endoscopic submucosal dissection include the resection of high-grade GC ≤ 2 cm in size[42]. GC in stages IB-III is treated by gastrectomy with lymphadenectomy. Diffuse tumors may benefit from more aggressive surgical options and prevention or treatment of peritoneal metastases by HIPEC[43,44]. Regarding chemotherapeutic and radiotherapeutic regimens, most treatment protocols are based on the TNM classification. However, several authors have observed that treatment response may vary depending on the Laurén subtype and have suggested that diffuse tumors may be more resistant to standard chemotherapeutic agents than intestinal-type GC[39]. In a recent literature review, we summarized the main findings of clinical trials and comparative studies analyzing treatment regimens depending on the Laurén subtypes[11]. According to this review, studies on adjuvant therapy showed that intestinal-type GC is more chemo-sensitive than diffuse GC and treatment response may also vary depending on geographical features. The benefit of neoadjuvant therapy seems to be limited to patients with intestinal GC.
Clinicopathological prognostic features of GC patients have been previously analyzed in the literature[45]. Some authors have studied specific prognostic factors in younger patients or proximal tumors[46,47]. In this study, our second objective was to identify clinicopathological risk factors for tumor recurrence and cancer-specific death depending on the Laurén subtype. As might be expected, the TNM system was associated with tumor recurrence and death in both GC subtypes. But several differences were observed: vascular invasion, perineural infiltration and infiltrative growth pattern were important prognostic features in intestinal-type GC. On the contrary, tumor size and necrosis were significant prognosticators in diffuse-type GC. As for molecular features, we found that the relationship between MSI and prognosis tended to be significant only in intestinal-type tumors. 
Finally, we constructed prognostic scores for predicting tumor recurrence and cancer-specific survival in patients with intestinal and diffuse-type GC. Our scores included only clinicopathological variables and can be easily calculated in clinical practice. All scores showed an excellent patient stratification into three (diffuse GC) or four (intestinal GC) prognostic groups by Kaplan-Meier analyses. Previous studies have developed predictive scores for GC patients and most of them included nutritional and laboratory findings[41,48]. Other authors have developed molecular signatures or scores including immunohistochemical parameters[49]. Recently, Bao et al[50] developed a three-gene signature for prognostic prediction in diffuse-type GC. Clinicopathological prognostic scores, although easy to apply, have been less frequently published[51]. As far as we know, no other study has developed separate clinicopathological risk scores for patients with intestinal and diffuse-type GC.

Strengths and limitations of our study
The results of this study should be interpreted in the context of its strengths and limitations. Strengths: This study includes patients with pure intestinal or diffuse GC treated by curative gastrectomy. Cases with neoadjuvant therapy, mixed tumors and R1-2 resections were excluded. All patients were diagnosed and treated in a western tertiary hospital. All tumors were reviewed and pathological features were independently assessed by two pathologists following a detailed protocol. Limitations: Retrospective study. GC is not frequent in western countries so this study includes less patients than Asian studies. IHC markers were performed in TMA sections and they may not represent the full heterogeneity of the tumor. In an attempt to overcome this limitation, cores were selected from the center and the leading edge of each case. Furthermore, no significant differences were observed between the two cores of each tumor.

CONCLUSION
[bookmark: OLE_LINK211][bookmark: OLE_LINK212]In our series, intestinal and diffuse-type GC showed different epidemiological, clinical and prognostic features and they were associated with different risk factors for progression and death. Our specific prognostic scores for predicting tumor recurrence and cancer-specific survival in patients with intestinal and diffuse-type GC showed an excellent patient stratification into three (diffuse GC) or four (intestinal GC) prognostic groups.
[bookmark: OLE_LINK213][bookmark: OLE_LINK214]Laurén classification is a cost-effective and widely implemented tool in GC and it has regained importance in the last few years due to its correlation with the molecular groups of GC. Our findings support the notion that Laurén subtypes may represent different clinicopathological and biological entities and the development of specific prognostic scores could be a useful and cost-effective strategy to improve risk assessment and patient stratification in GC. Our scores include clinicopathological variables easily available in practice and patients can be stratified according to their risk without complementary tests. However, our results should be externally validated and refined in other western and eastern cohorts of patients. Thus, more studies with a larger number of patients and other ethnic groups are needed in order to confirm the prognostic validity of the proposed prognostic scores and the current role of the Laurén classification in GC.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK215][bookmark: OLE_LINK216]In the molecular era, the Laurén system is still a cost-effective and widely implemented classification for gastric cancer (GC) and it has been recently associated with clinical, histological and molecular features of these tumors. Laurén subtypes have also shown differences in response to systemic therapy.

Research motivation
[bookmark: OLE_LINK217][bookmark: OLE_LINK218]Despite recent advances in the understanding of the molecular biology of GC, there is a need to develop new prognostic tools for patient stratification in clinical practice. The implementation of specific scores for patients with intestinal and diffuse-type GC may significantly improve risk assessment and management of GC.

Research objectives
[bookmark: OLE_LINK219][bookmark: OLE_LINK220]Our aims were to: (1) evaluate the clinicopathological differences between Laurén subtypes; (2) identify specific risk factors for these subtypes; and (3) develop prognostic scores for patients with intestinal and diffuse-type GC.

Research methods
[bookmark: OLE_LINK221][bookmark: OLE_LINK222]This is a retrospective study of all patients undergoing surgery for GC at a tertiary referral center from 2001 to 2019. Clinical data and gross findings were collected. Histological and immunohistochemical features were assessed by two independent pathologists and prognostic scores were developed based on hazard ratios.

Research results
[bookmark: OLE_LINK223][bookmark: OLE_LINK224][bookmark: OLE_LINK225][bookmark: OLE_LINK226]In our series of western patients with GC, intestinal and diffuse-type tumors showed distinctive epidemiological, clinical and prognostic features. In addition, Laurén subtypes were associated with different risk factors for tumor progression and cancer-specific death. Our prognostic scores for predicting overall survival and disease-free survival in patients with intestinal and diffuse-type GC included clinicopathological variables that can be easily calculated in clinical practice and showed an excellent patient stratification into three (diffuse GC) or four (intestinal GC) prognostic groups.

Research conclusions
[bookmark: OLE_LINK227][bookmark: OLE_LINK228]The stratification of GC patients depending on Laurén subtypes and the implementation of specific clinicopathological prognostic scores in intestinal and diffuse-type tumors can be useful for patient stratification, risk assessment and treatment selection.

Research perspectives
[bookmark: OLE_LINK229][bookmark: OLE_LINK230]Our prognostic scores should be externally validated in patients from both western and eastern countries due to the geographical variation of GC. In addition, this study opens a door to the development and implementation of cost-effective and specific clinicopathological prognostic scores in patients with GC in different contexts.
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Table 1 Univariate analyses: Differences between intestinal and diffuse subtypes (Chi-squared and Student’s t tests)
	Feature
	P value
	OR, diffuse (95%CI)1

	Age
	< 0.001
	

	Depth
	0.004
	

	Macroscopic type
	0.001
	

	Polypoid
	
	0.86 (0.45-1.65)

	Flat
	
	3.16 (1.49-6.71)

	Ulcerative
	
	1.54 (0.9-2.65)

	Fungoid
	
	0.38 (0.21-0.69)

	Local symptoms
	0.004
	0.4 (0.2-0.75)

	Necrosis
	0.006
	0.39 (0.2-0.77)

	Perineural infiltration
	< 0.001
	2.98 (1.78-5)

	Intratumoral inflammation
	0.054
	

	No
	
	0.63 (0.28-1.38)

	Mild
	
	2.08 (1.07-4.03)

	High
	
	0.68 (0.38-1.2)

	Desmoplasia
	< 0.001
	0.29 (0.16-0.54)

	Microsatellite instability
	0.023
	0.16 (0.02-0.28)

	HERCEPTEST 2+/3+
	0.018
	0.07 (0.02-0.24)

	T stage
	0.02
	

	T1
	
	0.41 (0.19-0.88)

	T2
	
	0.74 (0.39-1.4)

	T3
	
	1.25 (0.76-2.05)

	T4
	
	2.08 (1.08-3.99)

	N stage
	0.02
	

	N0
	
	0.5 (0.3-0.85)

	N1
	
	0.8 (0.4-1.6)

	N2
	
	1.93 (1.04-3.55)

	N3
	
	1.62 (0.9-2.93)

	Metastatic lymph nodes
	0.005
	

	Lymph node ratio
	< 0.001
	

	Adjuvant therapy
	0.022
	2.14 (1.11-4.15)

	Recurrence
	< 0.001
	2.63 (1.55-4.47)

	Death
	< 0.001
	2.82 (1.56-5.09)


1Odds ratios have been calculated for diffuse vs intestinal subtype.

Table 2 Multivariate analysis: Variables independently related to Laurén subtypes 
	Factor
	P value
	HR
	95%CI for HR1

	
	
	
	Lower
	Upper

	Lymph node ratio
	0.012
	9.463
	1.655
	54.091

	Depth
	0.037
	1.108
	1.006
	1.220

	Desmoplasia
	0.014
	0.323
	0.131
	0.798

	Macroscopy
	
	
	
	

	Polypoid
	0.011
	
	
	

	Flat
	0.006
	10.002
	1.928
	51.895

	Ulcerative
	0.027
	4.536
	1.189
	17.307

	Fungoid
	0.686
	1.318
	0.345
	5.030


1Hazard ratios have been calculated using the intestinal type as a reference.

Table 3 Independent risk factors for tumor recurrence and cancer-specific death in intestinal and diffuse-type gastric cancer
	Dependent variable
	Factor
	P value
	HR
	95%CI for HR

	
	
	
	
	Lower
	Upper

	Intestinal type GC
	
	
	
	
	

	Tumor death (OS)
	LNR
	0.004
	32.424
	3.057
	343.96

	
	Growth
	0.052
	
	
	

	
	Expansive
	
	

	
	Infiltrative
	
	4.678 
	0.987
	22.177

	Recurrence (DFS)
	LNR
	0.03
	3.758
	1.138
	12.411

	
	Vascular invasion
	0.005
	2.829
	1.379
	5.806

	
	T stage
	0.056
	
	
	

	
	T1-2
	
	1
	
	

	
	T3-4
	
	2.193
	0.98
	4.909

	Diffuse type GC
	
	
	
	
	

	Tumor death (OS)
	LNR
	0.026
	5.729
	1.234
	26.599

	
	Necrosis
	0.008
	4.234
	1.460
	12.278

	Recurrence (DFS)
	Size
	0.001
	1.018
	1.005
	1.030

	
	LNR
	< 0.001
	11.420
	3.895
	33.477


DFS: disease-free survival; GC: Gastric cancer; LNR: Lymph node ratio; OS: overall survival.

Table 4 Prognostic scores for patients with intestinal-type gastric cancer
	Dependent variable
	Death 
	
	Recurrence
	

	Features
	Growth
	
	T stage
	

	
	Expansive
	0
	T1-2
	0

	
	Infiltrative
	5
	T3-4
	2

	
	LNR
	× 32
	LNR
	× 4

	
	
	
	Vascular invasion
	3

	Total score
	0-37
	
	0-9
	

	Stages
	
	
	
	

	S1
	0
	
	0
	

	S2
	> 0-5
	
	> 0-2
	

	S3
	> 5-14
	
	> 2-< 5
	

	S4
	> 14
	
	5-9
	


LNR: Lymph node ratio.

Table 5 Prognostic scores for patients with diffuse-type gastric cancer
	Dependent variable
	Death 
	
	Recurrence
	

	Features
	Necrosis
	4
	Size in mm
	× 1

	
	LNR
	× 6
	LNR
	× 11

	Total
	0-10
	
	0-120
	

	Stages
	
	
	
	

	S1
	0-< 1.5
	
	0-20
	

	S2
	1.5-4
	
	> 20-60
	

	S3
	> 4
	
	> 60
	


LNR: Lymph node ratio.
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