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Abstract

Gastric cancer is among the most common cancer types in the world and the third most common
cause of death by cancer. The prognosis of individual patients treated with surgery varies greatly.
New prognostic factors are needed to complement the prognostic information provided by the
currently used tumor-node-metastasis (TNM) staging system.

Several novel prognostic factors that can be assessed from routinely stained hematoxylin-eosin
(HE) slides have been discovered in different cancer types. They include tumor-stroma ratio
(TSR), tumor budding, stromal maturity and Klintrup-Mäkinen (KM) grade. TSR is based on
estimating the amount of intratumoral stroma. Tumor budding is assessed by counting tumor buds,
which are single tumor cells or clusters of up to four cells detached from the main tumor mass.
Assessment of stromal maturity is based on presence of thick eosinophilic collagen bundles in the
immature stroma. KM-grade is a method of semiquantitatively classifying the lymphocytic
infiltrate present at the border of the tumor. All these factors have prognostic value in different
cancer types, but their relevance in gastric cancer is unknown.

In this thesis, prognostic value of TSR, tumor budding, stromal maturity and KM-grade in
gastric cancer was studied, mainly in a large patient cohort from Oulu University Hospital. TSR,
tumor budding, stromal maturity and KM-grade were all independent prognostic factors in the
patient cohort. TSR and tumor budding were assessed with high interobserver agreement, while
stromal maturity and KM-grade were assessed with moderate interobserver agreement.

Based on our results, TSR, tumor budding, stromal maturity and KM-grade have prognostic
value in gastric cancer. They could potentially be used to improve accuracy of estimating patients’
prognosis after surgery for gastric cancer.

Keywords: collagen, gastric cancer, immune cell score, KM-grade, lymphocytes,
prognosis, stroma, stromal maturity, tumor budding, tumor-stroma ratio
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Tiivistelmä

Mahasyöpä on yksi maailman yleisimmistä syöpätyypeistä ja maailman kolmanneksi yleisin
syöpäkuoleman aiheuttaja. Kirurgisesti hoidettujen potilaiden ennuste vaihtelee suuresti. Uudet
ennustetekijät olisivat hyödyllisiä nykyään käytetyn tumor-node-metastasis (TNM) -luokituksen
antaman ennustetiedon täydentämiseksi.

Useita uusia rutiinisti tehtävistä hematoksyliini-eosiini (HE) -värjätyistä laseista analysoita-
vissa olevia ennustetekijöitä on löydetty monista eri syöpätyypeistä. Niihin lukeutuvat kasvain-
stroomasuhde (tumor-stroma ratio (TSR)), kasvaimen silmikointi, strooman kypsyys ja Klintrup-
Mäkinen (KM) -aste. TSR perustuu tuumorin sisäisen strooman määrän arvioimiseen. Kasvai-
men silmikointi analysoidaan laskemalla tuumorisilmujen määrä. Tuumorisilmut ovat yksittäi-
siä kasvainsoluja tai korkeintaan neljän solun ryhmiä, jotka ovat irronneet kasvaimen pääosasta.
Strooman kypsyyden arviointi perustuu paksujen eosinofiilisten kollageenikimppujen esiintymi-
seen epäkypsässä stroomassa. KM-aste on semikvantitatiivinen menetelmä kasvaimen reunalla
olevan lymfosyytti-infiltraatin luokitteluun. Kaikilla näistä tekijöistä on aiemmin osoitettu ole-
van ennustearvoa eri syöpätyypeissä, mutta niiden merkitys mahasyövässä tunnetaan puutteelli-
sesti.

Tässä väitöskirjassa tutkittiin TSR:n, kasvaimen silmikoinnin, strooman kypsyyden ja KM-
asteen ennustearvoa, pääasiassa suuressa Oulun yliopistollisen sairaalan potilaskohortissa. TSR,
kasvaimen silmikointi, strooman kypsyys ja KM-aste olivat kaikki itsenäisiä ennustetekijöitä.
TSR:n ja kasvaimen silmikoinnin arvioinnin toistettavuus oli hyvä, ja strooman kypsyyden ja
KM-asteen kohtalainen.

Tuloksiemme perusteella TSR:llä, kasvaimen silmikoinnilla, strooman kypsyydellä ja KM-
asteella on ennustearvoa mahasyövässä. Niitä voitaisiin mahdollisesti tulevaisuudessa hyödyn-
tää leikattujen mahasyöpäpotilaiden ennustearvioiden parantamisessa.

Asiasanat: ennuste, immuunisolupisteytys, kasvaimen silmukointi, kasvain-
stroomasuhde, KM-grade, kollageeni, imusolut, mahasyöpä, strooma, strooman
kypsyys
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FOXP3 forkhead box P3 

GIST gastrointestinal stromal tumor 

HE hematoxylin-eosin 

HER2 human epidermal growth factor-2 

HDGCS hereditary diffuse gastric cancer syndrome 

HPF  high-power field 

HR hazard ratio 

ICS immune cell score 

KM-grade Klintrup-Mäkinen grade 

MRI magnetic resonance imaging 

mTOR mammalian target of rapamycin 

NET neuroendocrine tumor 

PD1 programmed cell death-1 

PD-L1 programmed death-ligand 1 
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PET positron emission tomography 

SCNA somatic copy number aberrations 

TGF-β transforming growth factor beta 

TIL tumor infiltrating lymphocytes 

TMA tissue microarray 

TNM tumor-node-metastasis 

TSR tumor-stroma ratio 

VacA vacuolating cytotoxin A 

VEGFR2 vascular endothelial growth factor receptor-2 

WHO World Health Organization 
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1 Introduction 

Gastric cancer remains among the deadliest cancer types in the world. Its incidence 

is decreasing in developed countries. The only potentially curative treatment option 

is surgery, which can be complemented by neoadjuvant, perioperative or adjuvant 

therapies. The prognosis of gastric cancer patients is estimated mainly using the 

tumor-node-metastasis (TNM) staging system. TNM-stage gives a reasonably good 

estimate of patients’ prognosis, but many patients with even a low stage of disease 

experience disease recurrences. New prognostic factors to complement the 

prognostic accuracy of TNM-staging would be useful for tailoring optimal 

treatments for each patient. For clinical use, these proposed factors should be easy 

and cheap to analyze. 

New promising prognostic factors that can be assessed on routine hematoxylin-

eosin (HE) -stained slides have been discovered in several cancer types during 

recent years. They are often based on tumor microenvironment rather than solely 

on tumor cells, as TNM-staging is. Tumor-stroma ratio (TSR) is defined as the 

proportion of area occupied by tumor cells compared to the area of intratumoral 

stroma.  A high amount of stroma (low TSR) is associated with poor prognosis in 

several cancer types. 

Tumor budding is a phenomenon in which single tumor cells or clusters of up 

to four tumor cells detach from the main tumor. Those cells or clusters are called 

tumor buds. A high number of tumor buds (high tumor budding) is a well-defined 

poor prognostic factor, especially in colorectal cancer. 

Stromal maturity is another prognostic factor that has been discovered in 

colorectal cancer. It is assessed based on presence of thick collagen bundles in 

immature stroma. Immature stroma has been associated with poor prognosis. 

Klintrup-Mäkinen-grade (KM-grade) is also a well-established prognostic 

factor in colorectal cancer. It is assessed by semiquantitatively scoring the overall 

inflammatory cell infiltrate at the tumor edge. A high amount of such infiltrate is 

associated with a good prognosis. 

The significance of these four prognostic factors in gastric cancer is 

incompletely known. The aim of this thesis was to explore their prognostic value 

and reproducibility of their assessment in gastric cancer. 
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2 Review of the literature 

2.1 Gastric cancer 

Gastric adenocarcinoma, usually referred to as gastric cancer, arises from the 

epithelium of the mucosal layer of the stomach. It is the third most deadly cancer 

in the world (Bray et al., 2018). Many of the patients are diagnosed at an advanced 

stage and the prognosis is generally poor. According to the Finnish cancer registry, 

gastric cancer is the seventh most common cause of cancer death in Finland, with 

its five-year survival after the diagnosis being approximately 25% in the 21st 

century in Finland ("Finnish cancer registry," 2019). 

2.1.1 Incidence of gastric cancer 

Gastric cancer poses a massive challenge to public health, as it is the fifth most 

common cancer worldwide (Bray et al., 2018). Currently, its incidence worldwide 

is approximately 12 per 100000 (Bray et al., 2018). It is much more common in 

East Asia than in Europe or Northern America (Bray et al., 2018). Gastric cancer 

was much more common in the previous century, but its incidence has fortunately 

declined in the developed countries (Amiri, Janssen, & Kunst, 2011; Haenszel & 

Correa, 1975). The decline of the incidence has been associated with changes in 

diet and food preservation, and with the declining prevalence of Helicobacter 

pylori infection (Balakrishnan, George, Sharma, & Graham, 2017).  According to 

the Finnish cancer registry, about 600 patients have been diagnosed with gastric 

cancer annually in Finland throughout the most recent decade, while in the 1950s 

there were about 2000 cases annually. The decline in incidence has made gastric 

cancer only the tenth most common cancer in Finland. The incidence of gastric 

cancer in Finland between years 1953 and 2017 is shown in Fig 1. 
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Fig. 1. Incidence of gastric cancer in Finland in 1953–2017. Data has been obtained from 

the Finnish cancer registry ("Finnish cancer registry," 2019). 

2.1.2 Incidence of other gastric malignancies 

The most common type of gastric cancer is adenocarcinoma. Other much less 

common primary tumors of the stomach include primary gastric lymphomas, 

gastrointestinal stromal tumors (GIST) and neuroendocrine tumors (NET). Gastric 

lymphomas are usually mucosa-associated lymphomas or large B-cell lymphomas  

(Juárez-Salcedo, Sokol, Chavez, & Dalia, 2018). They make up approximately 5% 

of malignancies of the stomach (Ferrucci & Zucca, 2007). Incidence of primary 

gastric lymphomas is between 0.2–0.8 per 100000 in Europe (Capelle et al., 2008; 

Gurney, Cartwright, & Gilman, 1999; Ullrich, Fischbach, & Blettner, 2002). 

GIST is the most common sarcoma of the gastrointestinal tract. It is 

characterized by differentiation towards the interstitial cells of Cajal (Joensuu, 

2006). Their incidence is approximately 1.0–1.5 per 100000 and approximately 50% 

of them localize in the stomach (Søreide et al., 2016).  NETs are thought to arise 

from diffuse endocrine cells that are present in many organs (Kulke et al., 2012). 

Incidence of NETs of the gastrointestinal tract is approximately 1.3 per 100000 and 

only approximately 10% of gastrointestinal NETs are located in the stomach (Ellis, 

Shale, & Coleman, 2010). 
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This thesis focuses only on gastric adenocarcinoma, referred to as gastric 

cancer. 

2.1.3 Pathogenesis of gastric cancer 

Gastric cancer typically develops from inflammation of the mucosa of the stomach, 

called gastritis (Correa & Piazuelo, 2012). Gastritis is most often caused by 

Helicobacter pylori infection (Sipponen & Maaroos, 2015). Some cases of gastritis 

also seem to arise from autoimmune reactions against gastric mucosa, even though 

also autoimmune gastritis is often associated with H. Pylori (Bizzaro, Antico, & 

Villalta, 2018). Chronic gastritis can be a progressive disease, which ends in 

atrophic gastritis, in which most of the acid secreting mucosal glands have vanished 

(Sipponen & Maaroos, 2015). Dysplasia can develop on atrophic mucosa, and 

dysplastic mucosa can in turn develop into invasive adenocarcinoma (Correa & 

Piazuelo, 2012). 

2.1.4 Risk factors of gastric cancer 

Helicobacter 

Helicobacter pylori is a bacterium that can live on the mucosa of the stomach. 

Infection with H. pylori is the most widely recognized risk factor for gastric cancer. 

In a landmark Japanese study in 2001, 2.9% of patients with H. Pylori infection 

developed gastric cancer during the follow-up period (Uemura et al., 2001). A 

recent Finnish study found a risk ratio of 5.8 for gastric cancer for men with H. 

pylori infection compared to men without the infection (Vohlonen et al., 2016). 

Eradication of H. pylori has been shown to significantly reduce the risk of gastric 

cancer for infected patients (Doorakkers, Lagergren, Engstrand, & Brusselaers, 

2018; Y. C. Lee et al., 2016). 

H. pylori causes inflammation of the gastric mucosa, which increases the risk 

of developing precancerous changes in the gastric epithelium. Inflammation is 

accentuated most importantly by two virulence factors of H. pylori, cytotoxin 

associated gene A (CagA) and vacuolating cytotoxin A (VacA) (F. Wang, Meng, 

Wang, & Qiao, 2014). CagA is a protein that induces proinflammatory response in 

mucosal cells that have received it from H. pylori (Roesler, Rabelo-Gonçalves, & 
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Zeitune, 2014). VacA is a protein that causes vacuolization of host cells and disrupts 

epithelial cell-to-cell connections (F. Wang et al., 2014). 

H. pylori infection activates proinflammatory intracellular transcription factors 

and increases production of proinflammatory cytokines (Chiba, Marusawa, Seno, 

& Watanabe, 2008). Inflammatory conditions induce cell proliferation and increase 

risk of cancer-promoting genetic dysfunctions, like activation of oncogenes and 

inactivation of tumor suppressor genes (F. Wang et al., 2014). These changes may 

lead to development of gastric cancer. The severity of gastritis caused by H. pylori 

is associated with increased risk of gastric cancer (Sugimoto et al., 2017). 

Epstein-Barr virus  

Epstein-Barr virus (EBV) is a DNA-virus that commonly infects humans. EBV is 

best known for causing mononucleosis, but EBV can sometimes be found on the 

inflamed mucosa of the stomach (Ryan et al., 2012). The association of EBV with 

development of a proportion of gastric cancer cases is well known (Shinozaki-

Ushiku, Kunita, & Fukayama, 2015). 

A meta-analysis of studies estimating percentage of EBV-positive gastric 

carcinomas estimated 8.7% of gastric cancers to be EBV positive (Murphy, Pfeiffer, 

Camargo, & Rabkin, 2009). The positivity of EBV in cancer tissue in the included 

studies was confirmed using in-situ hybridization of small RNA encoded by EBV, 

which increases the reliability of the results (Murphy et al., 2009).  

The mechanisms that lead to increased risk of gastric cancer with EBV 

infection are incompletely understood. EBV has been shown to induce expression 

of some potential oncogenes and cause epigenetic alterations that might contribute 

to development of cancer (Shinozaki-Ushiku et al., 2015). 

Genetic risk factors 

Genetic factors explain a part of gastric cancer incidence, but their importance 

seems to be limited, as most cases are thought to be sporadic. Under 15% of gastric 

cancers seem to be clustered in the same families, and under 3% of gastric cancers 

are thought to be caused by hereditary syndromes (McLean & El-Omar, 2014). 

Several different genetic variations have been associated with increased risk of 

gastric cancer (Mocellin, Verdi, Pooley, & Nitti, 2015). Precancerous lesions of 

first-degree relatives seem to be associated with increased risk of gastric cancer, 

suggesting inherited risk for gastric cancer (Song et al., 2018). Blood type A is also 
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associated with increased risk of gastric cancer for unknown reasons (Edgren et al., 

2010). 

Hereditary gastric cancer syndromes 

Hereditary diffuse gastric cancer syndrome (HDGCS) is the best-known hereditary 

gastric cancer syndrome (Oliveira, Pinheiro, Figueiredo, Seruca, & Carneiro, 2015). 

It is most often caused by heterozygous mutation in the CDH1-gene, which encodes 

E-cadherin (McLean & El-Omar, 2014). E-cadherin is an important cell-cell 

adhesion molecule that has a significant role in tissue formation (van Roy & Berx, 

2008). Decreased E-cadherin expression is common in diffuse gastric cancer (Chan, 

2006), and also in lobular breast cancer (Singhai et al., 2011), which shares the 

uncohesive growth pattern that is characteristic of diffuse gastric cancer. Patients 

with HDGCS also have significantly increased risk for lobular breast carcinoma 

(Oliveira et al., 2015). 

Over 80% of patients with HDGCS develop gastric cancer by the age of 80 

years (Oliveira et al., 2015). The risk for gastric cancer is so great that prophylactic 

gastrectomy is recommended even before detection of cancer or any symptoms 

(van der Post et al., 2015). In careful examination of prophylactically resected 

stomachs of patients with HDGCS, intramucosal foci of diffuse cancer are actually 

often seen (Norton et al., 2007). 

Two other hereditary syndromes have also been associated with gastric cancer. 

Gastric adenocarcinoma and proximal polyposis of the stomach is a syndrome 

associated with development of numerous polyps in the fundus and body of the 

stomach (Oliveira et al., 2015). The polyposis significantly increases risk of 

intestinal-type gastric cancer (Oliveira et al., 2015; Worthley et al., 2012). The 

specific genetic cause of the syndrome has not yet been identified. Another 

syndrome associated with heritable intestinal-type gastric cancer is familial 

intestinal gastric cancer, but its genetic background and clinical relevance is 

currently poorly understood (Oliveira et al., 2015). 

Some general cancer syndromes also increase risk of gastric cancer. Lynch 

syndrome and Li-Fraumeni syndrome increase risk of several cancer types, gastric 

cancer being one of them (Barrow, Hill, & Evans, 2013; McLean & El-Omar, 2014; 

Oliveira et al., 2015). Familial polyposis syndromes such as Peutz-Jeghers 

syndrome, familial adenomatous polyposis and juvenile polyposis increase risk of 

several gastrointestinal tract malignancies, including gastric cancer (McLean & El-

Omar, 2014; Oliveira et al., 2015). BRCA1- and BRCA2-mutations that associate 



22 

with high risk of breast cancer also increase risk of gastric cancer (Friedenson, 

2005). 

Environmental factors 

Tobacco smoking significantly increases risk of gastric cancer, and it might be the 

most important behavioral risk factor for gastric cancer (Ladeiras-Lopes et al., 

2008). Alcohol consumption is another important risk factor (Han, Xiao, Yu, Chen, 

& Shu, 2017; Ma, Baloch, He, & Xia, 2017; P. L. Wang, Xiao, Gong, & Liu, 2017). 

High consumption of salt and high-salt foods might increase risk of gastric cancer 

(Guggenheim & Shah, 2013). High consumption of fruits and vegetables is 

associated with decreased risk of gastric cancer (Lunet et al., 2007). Obesity is also 

a risk factor for gastric cancer, and degree of BMI is associated with the strength 

of the risk (P. Yang et al., 2009). Exposure to ionizing radiation also seems to be a 

risk factor, based on cohort study on Hiroshima survivors (Sauvaget et al., 2005). 

Some occupational exposures may increase risk of gastric cancer, for example 

working in the rubber or leather industry (Raj, Mayberry, & Podas, 2003). 

2.1.5 Diagnosis 

Early gastric cancer is usually symptomless (Axon, 2006). Because of this, gastric 

cancer is often diagnosed at an advanced stage in Western countries without 

screening programs (Axon, 2006; Van Cutsem, Sagaert, Topal, Haustermans, & 

Prenen, 2016). Common symptoms of advanced gastric cancer include unspecific 

dyspepsia, loss of appetite and abdominal pain, and alarming symptoms including 

weight loss, anemia, nausea, gastric bleeding, and dysphagia (Axon, 2006; Fransen, 

Janssen, Muris, Laheij, & Jansen, 2004; Van Cutsem et al., 2016). Approximately 

one in four patients with cancer of the upper gastrointestinal tract have no alarming 

symptoms (Fransen et al., 2004). That makes diagnosis of even advanced gastric 

cancer often challenging. 

The diagnosis of gastric cancer is based on biopsy samples that are taken using 

endoscopy. The diagnosis is made by pathologists who examine the biopsy samples 

with a light microscope. Detecting early gastric cancer with an endoscope can be 

difficult but standardized endoscopic procedures and modern imaging technologies, 

like narrow-band imaging, improve accuracy (Pasechnikov, Chukov, Fedorov, 

Kikuste, & Leja, 2014; Sumiyama, 2017).  
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Imaging techniques are mainly needed for preoperative staging of gastric 

cancer. Endoscopic ultrasonography and computer tomography (CT) are the most 

often used methods for preoperative staging (Van Cutsem et al., 2016). Endoscopic 

ultrasonography is a highly accurate method for estimating invasion depth of the 

tumor (Hallinan & Venkatesh, 2013; Mocellin & Pasquali, 2015). Modern CT-

imaging has decent accuracy for estimating invasion depth of the tumor and finding 

metastatic lymph nodes (Hallinan & Venkatesh, 2013). Assessing invasion of 

primary tumor with CT requires filling of the stomach with water or gas to avoid 

confusing collapsed gastric mucosa with the tumor (Hallinan & Venkatesh, 2013). 

CT can also be used to detect distant metastases. Positron emission tomography 

(PET) and magnetic resonance imaging (MRI) are good imaging methods for 

estimating tumor stage (Hallinan & Venkatesh, 2013), but they are not routinely 

used (Van Cutsem et al., 2016). 

2.1.6 Treatment 

Surgery 

Surgery is the only option for curative treatment of gastric cancer. Macroscopically 

intramucosal small tumors can be treated with endoscopic mucosal resection (EMR) 

or endoscopic submucosal dissection (ESD) (Min, Min, Lee, & Kim, 2014; Ono et 

al., 2016). In EMR a snare is used to remove an intramucosal tumor. ESD is the 

more extensive of the two procedures. In ESD, a knife is used to dissect the 

submucosal layer under the tumor. It increases rate of curative resections compared 

to EMR, but is associated with increased risk of complications (Oka et al., 2006). 

For more advanced gastric cancer, surgical removal of most of the stomach or 

whole stomach is required (Japanese Gastric Cancer Association, 2020; Weledji, 

2017). Distal gastrectomy includes removal of the distal two-thirds of the stomach 

and can be used for treatment of antral tumors. Proximal gastrectomy preserves 

distal parts of the stomach and has been previously used for treatment of tumors of 

the gastric cardia in Western countries. If satisfactory margins (3 cm for tumors 

with an expansive growth pattern and 5 cm for tumors with an infiltrative growth 

pattern)  cannot be reached with partial gastrectomy, total gastrectomy that includes 

removal of the whole stomach is required (Japanese Gastric Cancer Association, 

2020). In cancers of the gastric cardia, distal esophagectomy is often required in 

addition to proximal or total gastrectomy (Kauppila & Lagergren, 2016). 
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In addition to gastrectomy, dissection of lymph nodes, called 

lymphadenectomy, is usually required for curative treatment (Japanese Gastric 

Cancer Association, 2020). The optimal extent of lymphadenectomy has been a hot 

topic of discussion during the last decades (Schmidt & Yoon, 2013). D1-

lymphadenectomy involves dissecting perigastric lymph nodes and those along the 

left gastric artery (Schmidt & Yoon, 2013). D2-lymphadenctomy includes also 

dissection of second-tier lymph node stations, for example those along the celiac 

artery and splenic artery, in addition to lymph node stations involved in D1-

lymphadenectomy (Schmidt & Yoon, 2013). The lymph node stations are 

numbered, and over 20 of them are currently recognized (Degiuli et al., 2016). The  

newest Japanese guidelines require that lymph node stations 1–6 are removed in 

D1-gastrectomy and additionally stations 8a, 9, 11p and 12a are removed in D2-

gastrectomy (Japanese Gastric Cancer Association, 2020). A schematic drawing of 

the lymph node stations included in the D2-gastrectomy is shown in Fig 2. 

Fig. 2. A schematic drawing of the lymph node stations included in the D2-gastrectomy. 

Modified from Degiuli et al. and Japanese gastric cancer treatment guidelines 2018 

(Degiuli et al., 2016; Japanese Gastric Cancer Association, 2020). 

The earliest European studies in the 1990s comparing D1- and D2-

lymphadenectomy did not demonstrate survival benefits for patients undergoing 

D2 lymphadenectomy (Bonenkamp et al., 1995; Cuschieri et al., 1996). The studies 
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were criticized for high post-operative mortality (10–13%), and their results may 

not be relevant in modern surgery (Schmidt & Yoon, 2013). Asian institutions have 

reported much lower mortality rates in D2 gastrectomy (0.6–0.8%) (D. J. Park et 

al., 2005; Sano et al., 2004). D2-lymphadenectomy is currently recommended in 

current Japanese guidelines for all T2-T4 tumors and T1 tumors if lymph node 

involvement is suspected (Japanese Gastric Cancer Association, 2020). The 

optimal extent of lymphadenectomy in Western institutions still remains unclear 

(Schmidt & Yoon, 2013). In a recent Swedish population-based study of 1677 

patients, increased survival was observed for patients with D1+/D2 

lymphadenectomy compared to patients with D1/D0 lymphadenectomy (Kung et 

al., 2020). Palliative gastrectomy might be beneficial and improve survival and 

quality of life for patients with incurable gastric cancer that are in good condition 

(Chang et al., 2012; Choi et al., 2019; Hsu et al., 2017; Saidi, ReMine, Dudrick, & 

Hanna, 2006; Samarasam et al., 2006). 

Adjuvant chemotherapy and chemoradiotherapy 

Several different adjuvant chemotherapies have been shown to improve survival in 

gastric cancer (Paoletti et al., 2010). A combination of therapies might be more 

effective than monotherapies (Iacovelli, Pietrantonio, Maggi, de Braud, & Di 

Bartolomeo, 2016). It remains unclear whether adding radiotherapy to adjuvant 

chemotherapy is beneficial. A widely known American study in 2001 reported 

increased survival for patients with 5-fluorouracil adjuvant chemoradiotherapy 

compared to patients with surgery alone, as median survival was 27 months in the 

surgery only group compared to 36 months in the adjuvant therapy group 

(Macdonald et al., 2001). The results may be explained by incomplete lymph node 

dissection, as only 10% of patients underwent D2-lymphadenectomy (Cartwright 

& Cunningham, 2017). 

Perioperative chemotherapy 

Chemotherapy can be used also preoperatively to make complete resection of tumor 

more feasible and to reduce micrometastases (Cartwright & Cunningham, 2017). 

The landmark study on the topic was a British study of 503 patients in 2006, which 

compared admission of epirubicin, cisplatin and 5-fluorouracile (ECF) pre- and 

postoperatively with surgery alone in gastroesophageal cancer (Cunningham et al., 

2006). Overall survival was higher in the perioperative chemotherapy group (32%) 
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compared to the surgery alone group (23%). A French study of 224 patients that 

compared perioperative chemotherapy with fluorouracil and cisplatin with surgery 

alone showed similar improvement in overall survival in the group with 

perioperative chemotherapy (34% vs. 19%) (Ychou et al., 2011). Largely based on 

these two studies, perioperative therapy is generally recommended in Europe for 

patients with resectable gastric cancer (Cartwright & Cunningham, 2017). 

Research is actively conducted to optimize perioperative chemotherapy. A 

recent German study that included 716 patients compared previously used 

perioperative chemotherapy ECF with another potential perioperative 

chemotherapy with docetaxel, oxaliplatin, leucovorin and 5-fluorouracile (FLOT) 

(Al-Batran et al., 2019). Overall survival was improved in the FLOT-treatment 

group (median survival 50 months vs. 35 months) (Al-Batran et al., 2019). A recent 

Dutch phase III study of 788 patients showed that survival was not improved in a 

group treated with perioperative chemotherapy and postoperative radiotherapy 

compared to those treated with perioperative chemotherapy (Cats et al., 2018). 

Currently, ongoing studies include a Japanese phase III trial comparing 

perioperative therapy with S-1 and oxaliplatin with adjuvant therapy with S-1 in 

stage III cancer (Tokunaga et al., 2017) and an international study is comparing 

preoperative and postoperative ECF with preoperative radiation and pre- and 

postoperative ECF (Leong et al., 2017). Patients with limited metastatic disease 

might also benefit from neoadjuvant chemotherapy and surgery, based on 60 

patients included in one phase II trial (Al-Batran et al., 2017). 

Targeted therapies 

Human epidermal growth factor-2 (HER2) is a cell surface receptor that can 

contribute to tumor proliferation (Menard, Pupa, Campiglio, & Tagliabue, 2003). 

It is an important target for treatment in breast cancer (Krishnamurti & Silverman, 

2014). HER2 is overexpressed in approximately 20% of gastric cancer tumors. 

(Bang et al., 2010). The landmark study of 594 patients on use of the HER2-

antibody, trastuzumab, as a treatment for gastric cancer proved that using 

trastuzumab in combination with chemotherapy prolongs survival in inoperable 

HER2-positive gastric cancer compared to chemotherapy alone (median survival 

13.8 months vs 11.1 months) (Bang et al., 2010). The post-hoc analysis of the study 

showed that the survival benefit was largest for patients with 3+ intensity of 

immunohistochemical staining for HER2 or 2+ intensity for immunohistochemical 

staining and positive in-situ hybridization for the HER2-gene (median survival 16.0 
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months vs. 11.8 months). Based on these results, gastric cancer is defined as HER2 

positive if it has 3+ intensity in immunohistochemical staining of HER2 or 2+ 

intensity and positive in-situ hybridization (Van Cutsem et al., 2016). Trastuzumab 

is recommended for treatment of advanced HER2-positive gastric cancer, and trials 

are being conducted to see if it can be used for perioperative treatment of HER2-

positive gastric cancer (Boku, 2014). 

Another clinically relevant target for antibody-based therapy in advanced 

gastric cancer is vascular endothelial growth factor receptor-2 (VEGFR2), that has 

a crucial role in regulating angiogenesis (Javle, Smyth, & Chau, 2014). A phase III 

trial in 2014 that included 355 patients showed that therapy with ramucirumab, 

which is an antibody against VEGFR2, prolongs survival as a monotherapy 

compared to placebo in advanced gastric cancer as a second-line therapy (median 

survival 5.2 vs 3.8 months) (Fuchs et al., 2014). Another phase III trial including 

665 patients showed that second-line therapy with ramucirumab and paclitaxel 

increased survival compared to paclitaxel alone in advanced gastric cancer (median 

survival 9.6 vs. 7.4 months) (Wilke et al., 2014). Based on these two trials, 

ramucirumab established its role as a second-line treatment in gastric cancer (Javle 

et al., 2014). A recent phase III trial using ramucirumab as a first-line therapy in 

combination with cisplatin and fluoropyrimidine  did not demonstrate increased 

overall survival compared to therapy with only cisplatin and fluoropyrimidine 

(Fuchs et al., 2019). 

The newest approved targeted therapy for gastric cancer is pembrolizumab, 

which was approved by the FDA in 2017 (Brar & Shah, 2019). It is an antibody 

that targets programmed cell death-1 receptor (PD1 receptor). Programmed death-

ligand 1 (PD-L1) is a cell membrane protein that downregulates T cell immune 

response (Latchman et al., 2004) by activating PD1 receptors on T-cells. High 

expression of PD-L1 is associated with poor overall survival in gastric cancer (Gu 

et al., 2017). The FDA approval was based on a phase III trial that included 259 

patients (Shitara et al., 2018). The patients treated with pembrolizumab did not have 

significantly improved survival, but some individual patients had good response to 

treatment with few side-effects. 

2.1.7 Classification of gastric cancer 

Gastric cancer is a heterogenous disease. Different patients can have tumors with 

largely different properties. Several attempts have been made to group similar 
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tumors together with different classification systems in hope of enabling better 

tailoring of treatments for patients with certain tumor types. 

Anatomical classification 

The classification of gastric cancer by tumor location is most relevant for cancers 

in the area of esophagogastric junction, as it is difficult to draw the line between 

esophageal and gastric adenocarcinomas. The carcinomas of esophagogastric 

junction or gastric cardia actually seem to arise from two distinct etiologies 

(Derakhshan et al., 2008). Some tumors arise from mucosa with atrophic gastritis 

and resemble distal gastric tumors, while others arise from mucosa that has been 

damaged by gastroesophageal reflux disease and resemble esophageal 

adenocarcinomas. Their classification is important for selection of optimal surgical 

treatment approach of many techniques that can be used (Kauppila & Lagergren, 

2016). 

The Siewert classification that was introduced in 1998 is the basis of 

classification of cardiac gastric cancers (Siewert & Stein, 1998). It divides tumors 

that have their center within 5 cm of the esophagogastric junction into three 

categories. Type I tumors have their center at least 1 cm above the junction and are 

considered esophageal carcinomas. Type III tumors have their centers at least 2 cm 

below the esophagogastric junction and are considered subcardial gastric 

carcinomas. Type II tumors are real carcinomas of the cardia. Their center is located 

within the area from 1 cm above the junction to 2 cm below the junction. 

In the 7th edition of tumor node metastasis (TNM) classification, gastric 

tumors that were located within 5 cm of the gastroesophageal junction and extended 

into the esophagus were classified as esophageal carcinomas (Edge et al., 2010). 

Tumors that were located in the same area but did not extend into the esophagus 

were classified as gastric carcinomas. In the 8th edition, tumors that are located less 

than 2 cm below the esophagogastric junction are classified as esophageal 

carcinomas. Tumors with centers located more than 2 cm below the junction are 

classified as gastric carcinomas, even if they extend into the esophagus (Amin et 

al., 2017). 
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Histological classification 

Examination of tumor with light microscope by using hematoxylin-eosin (HE) -

stained slides is the cornerstone of cancer pathology. Several classification systems 

that are based on examination of HE-stained tumor slides have been developed. 

The most widely known histological classification for gastric cancer is the 

Laurén classification that was developed in Finland by Pekka Laurén in 1965 

(Lauren, 1965). In the Laurén classification, tumors are divided to intestinal and 

diffuse types. Intestinal-type carcinomas generally form glandular structures, while 

diffuse-type gastric cancers consist of uncohesive cell mass that usually does not 

form differentiated structures (Fig. 3). Fourteen percent of gastric tumors were 

unclassified in the original study including, for example, tumors with properties 

from both main types (Lauren, 1965). The intestinal type was associated with 

higher age at diagnosis and gastritis and intestinal metaplasia in the adjacent 

mucosa. Patients with diffuse-type tumors might have a worse prognosis (Qiu et 

al., 2013). 

Another major classification scheme, the WHO classification, was established 

in 2010. It divides gastric cancer into tubular, papillary, mucinous, poorly cohesive 

and mixed subtypes (Rugge, Carneiro, Fukayama, Yasu, & Grabsch, 2019). The 

classification is similar to classification of other gastrointestinal tract carcinomas 

and it aims to harmonize classification of different gastrointestinal carcinomas 

(Lauwers, Carneiro, & Graham, 2010). 

Tubular-type adenocarcinoma consists of tubular structures that vary in 

diameter (Rugge et al., 2019). Acinar structures can also be present. The poorly 

differentiated form of the tubular-type forms a solid growth pattern. 

Papillary adenocarcinoma consists of elongated processes that are covered with 

tumor epithelium and filled with connective tissue (Rugge et al., 2019). Mucinous-

type adenocarcinoma consists largely of extracellular mucin, which usually covers 

over 50% of the tumor area. Signet ring cells are often present. Poorly cohesive 

carcinomas consist of isolated single tumor cells or cells that are arranged in small 

groups. Poorly cohesive carcinomas include signet ring cell carcinomas but can 

also have several other cell morphologies. Mixed carcinomas have tumor areas of 

both glandular subtypes (tubular or papillary adenocarcinomas) and poorly 

cohesive subtypes. 

Tubular and papillary tumors are generally the intestinal type in Laurén 

classification, while poorly cohesive carcinomas are included in the diffuse 
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histological type. Prognostic value of the WHO classification is poorly known 

(Berlth, Bollschweiler, Drebber, Hoelscher, & Moenig, 2014). 

The 5th edition of the WHO classification of digestive system tumors also 

recognizes gastric carcinoma with lymphoid stroma as a separate histological type 

of gastric cancer (Rugge et al., 2019). It consists of irregular tumor cell sheets or 

trabeculae and prominent lymphocytic infiltrate among them. A majority of gastric 

cancers with lymphoid stroma are EBV-positive (Murphy et al., 2009). 

Also, a few other classifications have been presented. Goseki classification was 

presented by Goseki et al. in 1992. It classifies gastric cancers into four groups 

based on presence of tubular differentiation and presence of intracytoplasmic 

mucus (Goseki, Takizawa, & Koike, 1992). The prognostic value of Goseki 

classification is poorly known and it has not established any role in clinical use 

(Berlth et al., 2014). Ming classification was presented in 1977. It divides tumors 

into infiltrative border and expansive border groups (Ming, 1977). Based on current 

knowledge, it strongly associates with better-known clinicopathological variables 

and does not seem to have prognostic value of its own (Berlth et al., 2014). 

Molecular classification 

The cancer genome atlas published in 2014 is a classification system based on 

molecular properties of the tumor (The Cancer Genome Atlas Research, 2014). The 

classification has four groups: Epstein-Barr virus positive, microsatellite instability, 

genomically stable and chromosomal instability. The EBV-positive group was 

defined to have the burden of EBV infection by several different methods. Of 

patients studied, 9% were included in the group. The microsatellite instability group 

showed a high level of mutations in microsatellite regions of DNA, which are 

repetitive sequences scattered around the DNA (Ratti, Lampis, Hahne, Passalacqua, 

& Valeri, 2018). Of the patients, 22% were classified into the microsatellite 

instability group (The Cancer Genome Atlas Research, 2014). The rest of the 

patients were classified by presence or absence of somatic copy number aberrations 

(SCNAs). The tumors with a high number of SCNAs were defined as the 

chromosomal instability group, while the rest of the patients were defined as 

genomically stable. Of the patients, 50% were classified into the chromosomal 

instability group and 20% into the genomically stable group. Genomic stability was 

associated with diffuse histology, microsatellite instability with female gender and 

EBV positivity with proximal location of the tumor (The Cancer Genome Atlas 

Research, 2014). 
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Fig. 3. Photomicrograph images of an intestinal-type gastric adenocarcinoma (A) and a 

diffuse-type gastric adenocarcinoma (B) at 100x total magnification. 
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The Asian Cancer Research Group published a different classification using 

similar molecular analysis in 2015 (Cristescu et al., 2015). The four groups 

identified in the study were the microsatellite instable group, the mesenchymal-like 

group with high expression of epithelial to mesenchymal transition (EMT) -related 

genes and p53 positive and negative groups. The microsatellite instable group had 

the best prognosis, while mesenchymal-like group had the worst. Microsatellite 

instability and EBV-positivity were associated with favorable prognosis in large 

meta-analyses (X. Liu et al., 2015; Polom et al., 2018). 

None of the molecular classifications are currently in clinical use, but they 

might become useful in the future. 

2.1.8 Prognostic factors 

It is essential that patients with the highest risk of recurrence of gastric cancer and 

the highest risk of death from gastric cancer after surgery could be recognized for 

optimizing treatment. The median survival time of patients with inoperable gastric 

cancer is extremely short, only four months (D. Yang et al., 2011). The studies on 

prognostic factors in gastric cancer have focused mostly on surgically treated 

gastric cancer, as prognostic factors are more relevant for planning of treatment of 

patients with potentially curable disease. Several prognostic factors have been 

presented which together can give a decent estimate of patient prognoses. 

Patient-related prognostic factors 

Preoperative comorbidities, that can be measured by, for example Charlson 

comorbidity index, associate with worse survival after surgery (Asplund, Kauppila, 

Mattsson, & Lagergren, 2018; Iwai et al., 2018; Lin et al., 2019; Roder et al., 1993). 

Higher age at surgery is also a prognostic factor for poor survival (Asplund et al., 

2018; J.-P. Kim, Lee, Kim, Yu, & Yang, 1998; Lin et al., 2019). A high preoperative 

inflammatory reaction that can be categorized with blood test markers, like 

neutrophil/lymphocyte ratio and C-reactive protein/albumin ratio, is associated 

with poor survival (Xuechao Liu et al., 2015; Shimada et al., 2010; D.-s. Wang et 

al., 2012). 
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Staging 

TNM-classification is the backbone of estimating the prognosis of different cancer 

types. TNM-stage consist of the T-stage, N-stage and M-stage. The T-stage is given 

based on the depth of tumor invasion and in some cancer types also based on tumor 

size (Edge et al., 2010). In gastric cancer, T-stage is based on the depth of invasion 

and the layers of stomach wall infiltrated, but tumor size is not taken into account. 

N-stage is given based on number of lymph node metastases, and M-stage is given 

based on the presence of distant metastases outside the regional lymph node area 

of the tumor.  

The 7th edition of TNM-classification was published in 2010 and used until 

2017 (Edge et al., 2010). At the beginning of 2018 the new 8th edition of TNM-

classification went into effect (Amin et al., 2017). The 8th edition TNM-

classification criteria of gastric cancer are shown in Tables 1 and 2. The changes in 

staging compared to the 7th edition revolved around tumors with a high number of 

lymph node metastases (Marano et al., 2019). Some tumors with the highest 

number of lymph node metastases (N3b tumors) were moved to a higher stage: 

T1N3b- and T2N3b-tumors from stages IIB and IIIA were moved to stage IIIB and 

T3N3b-tumors from stage IIIB were moved to stage IIIC. Some high-stage tumors 

with fewer lymph node metastases were moved to lower stages: T4bN0- and 

T4aN2-tumors were moved from stage IIIB to IIIA and T4aN3a- and T4bN2-

tumors were moved from stage IIIC to IIIB (Marano et al., 2019). The 7th edition 

of TNM-classification already had excellent prognostic accuracy, but the 8th edition 

should further improve accuracy, especially in stage III tumors (Marrelli et al., 2012; 

Sano et al., 2017). 

Other tumor-related prognostic factors 

Tumor differentiation degree, also called tumor grade, is a prognostic factor that 

has traditionally been analyzed from HE-stained slides in gastric cancer. The 

grading system can mainly be applied to glandular histological types of gastric 

adenocarcinoma (Lauwers et al., 2010). Well-differentiated adenocarcinomas have 

well-formed glandular structures. Poorly differentiated adenocarcinomas consist of 

highly irregular glands that might be difficult to recognize. Examples of well and 

poorly differentiated gastric adenocarcinomas are shown in Fig. 4. Moderately 

differentiated adenocarcinomas are an intermediate form between well and poorly 

differentiated adenocarcinomas. However, grading does not seem to have 
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prognostic value of its own when TNM-stage is taken into account (Feng et al., 

2018). 

Table 1. T-, N- and M-categories in gastric cancer based on the 8th edition of TNM-

classification. 

Category Description 

Tumor (T)  

Tis In situ carcinoma. Intraepithelial tumor without 

invasion to lamina propria 

T1a Tumor invasion to lamina propria or muscularis 

mucosae 

T1b Tumor invasion to submucosa 

T2 Tumor invasion to muscularis propria 

T3 Tumor invasion to subserosal connective tissue 

T4a Tumor invasion to serosa 

T4b Tumor invasion to adjacent structures 

Regional lymph node metastases (N)  

N0 No regional lymph node metastases 

N1 One or two regional lymph node metastases 

N2 Three to six regional lymph node metastases 

N3a Seven to 15 regional lymph node metastases 

N3b 16 or more regional lymph node metastases 

Distant metastases (M)  

M0 No distant metastases 

M1 One or more distant metastases 
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Table 2. TNM-stage grouping in gastric cancer based on the 8th edition of TNM-

classification. 

Stage T-grade N-grade M-grade 

IA T1 N0 M0 

IB T1 N1 M0 

 T2 N0 M0 

IIA T1 N2 M0 

 T2 N1 M0 

 T3 N0 M0 

IIB T1 N3a M0 

 T2 N2 M0 

 T3 N1 M0 

 T4a N0 M0 

IIIA T2 N3a M0 

 T3 N2 M0 

 T4a N1 M0 

 T4a N2 M0 

 T4b N0 M0 

IIIB T1 N3b M0 

 T2 N3b M0 

 T3 N3a M0 

 T4a N3a M0 

 T4b N1 M0 

 T4b N2 M0 

IIIC T3 N3b M0 

 T4a N3b M0 

 T4b N3a M0 

 T4b N3b M0 

IV Any T-grade Any N-grade M1 
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Fig. 4. Photomicrograph images of well (A) and poorly differentiated gastric 

adenocarcinoma at 100x total magnification. 
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The size of the tumor is an easily assessable independent prognostic factor in gastric 

cancer (Adachi, Oshiro, Mori, Maehara, & Sugimachi, 1997; Im, Kim, Ha, & Kwon, 

2012). Invasion of tumor to nerves and vascular structures can often be seen in 

gastric cancer on HE-stained slides (Bilici et al., 2010; P. Li et al., 2015). Vascular 

invasion and perineural invasion seem to be independent prognostic factors 

indicating poor survival (Deng et al., 2014; Gabbert, Meier, Gerharz, & Hommel, 

1991; P. Li et al., 2015). 

Treatment-related prognostic factors 

The objective of curative surgery for gastric cancer is the removal of all tumor 

material. Samples from a resection line are taken from the resected stomach and 

routinely studied by pathologists with a light microscope. The resection is 

considered radical if no tumor cells are present in the resection line. This is also 

called R0-resection. In R1-resection, tumor cells are present in the resection line and 

in R2-resection it has been seen during surgery that all tumor material could not be 

removed. At least patients with stage I–II gastric cancer who have had R1-resection 

have significantly worse survival than those with R0-resection. (Songun, 

Bonenkamp, Hermans, van Krieken, & van de Velde, 1996; Sun et al., 2009). Sun 

et al. reported that five-year survival was 52.6% for patients with R0-resection, 

while patients with R1-resection had a five-year survival of only 28.5% in a cohort 

of 2159 patients (Sun et al., 2009). 

Occurrence of postoperative complications is also associated with poor overall 

survival (S. Wang et al., 2019). 

Molecular prognostic factors 

A plethora of markers has been studied in gastric cancer using 

immunohistochemical methods that can detect presence and rough quantity of 

various proteins in the tumor. Many of them have been found to have at least some 

prognostic significance, but only a few of them are used in clinical decision-making. 

The most relevant of these are HER-2, VEGFR2 and PD-L1, which have been 

discussed earlier. Various other markers could also have potential future clinical 

value. 

Epidermal growth factor receptor (EGFR) is a cell surface receptor which 

promotes cell proliferation when activated (Wieduwilt & Moasser, 2008). High 

EGFR expression is associated with poor survival in gastric cancer, but targeted 
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therapies against EGFR have not been successfully in clinical studies (C. Kim, 

Mulder, & Spratlin, 2014). Fibroblast growth factor receptor-2 (FGFR2) is another 

growth factor receptor with potential clinical significance in gastric cancer. FGFR2 

signaling seems to be essential for growth of gastric cancer cells with FGFR2 

amplification (Kunii et al., 2008). Only a small percentage of gastric cancer tumors 

have FGFR2 amplification, which is reliably detected with immunohistochemistry 

(S. Ahn et al., 2016). Targeted therapies against FGFR2 might be effective for 

patients with FGFR2 amplification (Hierro et al., 2017). 

The tyrosine kinase receptor, Met, is also a growth factor receptor that induces 

cell proliferation when activated (Furge, Zhang, & Vande Woude, 2000). 

Amplification of Met and its overexpression are associated with poor prognosis 

(Baniak, Senger, Ahmed, Kanthan, & Kanthan, 2016). The antibody rilotumab that 

targets Met has been studied in a phase III trial for treatment of advanced gastric 

cancer, but the results were disappointing (Catenacci et al., 2017). 

The mammalian target of rapamycin (mTOR) is a protein kinase that has a 

diverse role in regulation of cellular metabolism (Weichhart, 2012). Its 

overexpression associates with poor survival in gastric cancer (Yu et al., 2009). 

Everolimus, an oral inhibitor of mTOR, has been tried for treating gastric cancer in 

a phase III study, but it did not improve survival (Ohtsu et al., 2013).  

Lymphocyte scoring 

Immunohistochemical stainings can recognize different types of lymphocytes in 

the tumor area and the number of lymphocytes that are positive for the staining can 

be counted. A high amount of the lymphocytes generally associate with good 

prognosis in cancer (Gooden, de Bock, Leffers, Daemen, & Nijman, 2011). In 

colorectal cancer, excellent results have been received by an assessment method 

called immunoscore, which utilizes CD3 and CD8 as markers (Galon et al., 2014). 

CD3 is a general marker for T lymphocytes and CD8 is a marker for cytotoxic T 

lymphocytes. For estimating the immunoscore, the quantities of CD3- and CD8- 

positive lymphocytes are counted in the invasive edge and in the core of the tumor 

area. The immunoscore is calculated based on the amount of CD3-positive 

lymphocytes at the invasive edge of the tumor, CD3-positive lymphocytes in the 

core of the tumor, CD8-positive lymphocytes at the invasive edge of the tumor and 

CD8-positive lymphocytes in the core of the tumor (Galon et al., 2014). 

Immunoscore is high if the amount of positive lymphocytes is high.  In 2018 an 

international validation study of immunoscore with 2681 colorectal cancer patients 



39 

was published, proving that immunoscore can be reliably reproduced and a high 

immunoscore is a favorable prognostic factor in colorectal cancer (Pages et al., 

2018). 

In gastric cancer, a high number of CD3- and CD8-positive lymphocytes also 

associates with a good prognosis (W. Jiang et al., 2017). There is also one large 

study on immune cell score (ICS) in gastric cancer, which included 879 Chinese 

patients (Y. Jiang et al., 2018). In that study, the ICS was based on CD45RO 

(memory T cell marker) and CD66b (granulocyte marker) in addition to CD3 and 

CD8. The ICS provided excellent prognostic information, but the model was quite 

complicated compared to the two-marker model used in colorectal cancer. 

2.2 Tumor microenvironment 

Malign tumors are complex ecosystems consisting of several cell types that 

accompany the cancer cells (Balkwill, Capasso, & Hagemann, 2012; Quail & Joyce, 

2013). They model tumor growth in several ways, and the same type of tumors with 

different kinds of microenvironments can have largely different progression 

capabilities (Alexander & Cukierman, 2016; Quail & Joyce, 2013). The differences 

in microenvironment can be derived from differences in cell composition of the 

microenvironment or differences in function of those cells (Alexander & 

Cukierman, 2016; Gajewski, Schreiber, & Fu, 2013; Quail & Joyce, 2013; 

Whiteside, 2008). 

2.2.1 Extracellular matrix 

The extracellular matrix (ECM) is the component of tissue that surrounds cells. It 

consists of collagens, proteoglycans, fibronectin and several other glycoproteins 

(Theocharis, Skandalis, Gialeli, & Karamanos, 2016). Changes in the tumor ECM 

composition can modify tumor progression and spread (Eble & Niland, 2019; 

Walker, Mojares, & Del Río Hernández, 2018). 

The ECM molecules can both promote and block cell migration (Walker et al., 

2018). Dense ECM can physically limit cell movement, but in sparse ECM, cells 

can move along protein fibers of ECM (Fang, Yuan, Peng, & Li, 2014; Walker et 

al., 2018). Tumors often induce increased deposition of ECM components, such as 

type I, II and IV collagen and ECM glycoproteins (Fang et al., 2014). Cancer cells 

can use the increased ECM fibers as tracts for invasion (Gritsenko, Ilina, & Friedl, 

2012). However, the interplay between increased ECM collagen and cancer 
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progression is complicated, as the increased tension that increased collagen 

deposition produces can limit tumor growth (Torzilli, Bourne, Cigler, & Vincent, 

2012). Increased collagen degradation by matrix metalloproteinases can also help 

tumor progression (Gialeli, Theocharis, & Karamanos, 2011). 

2.2.2 Cancer-associated fibroblasts 

Cancer-associated fibroblasts (CAFs) are a type of fibroblasts that are present in 

the connective tissue of the tumor microenvironment (Quail & Joyce, 2013; Xing, 

Saidou, & Watabe, 2010). They often express fibroblast activation protein and 

smooth muscle actin that are not expressed in normal fibroblasts (Xing et al., 2010). 

CAFs have unique capabilities in promoting tumor growth that normal fibroblasts 

lack (Xing et al., 2010). 

CAFs secrete several signaling molecules that can contribute to tumor growth. 

Some of them are growth factors that can directly induce tumor growth like 

hepatocyte growth factor (Ying et al., 2015), insulin-like growth factor-1(Balkwill 

et al., 2012) and fibroblast growth factor (Henriksson et al., 2011). Other molecules 

that CAFs secrete modify the tumor microenvironment to a more favorable 

direction for tumor growth, like vascular endothelial growth factor that increases 

angiogenesis (Fukumura et al., 1998) and transforming growth factor beta that 

promotes development of desmoplastic stroma (Alexander & Cukierman, 2016). 

CAFs can also model the extracellular matrix in a way that promotes invasion via 

the enzymes they produce, for example matrix metalloproteinases (Erdogan & 

Webb, 2017). 

2.2.3 Immune cells 

Malign tumors generally evoke some sort of response from the immune system of 

the host, but the type and strength of the reaction varies (Whiteside, 2008). The 

effect that immune response has on the tumor reaction also varies dramatically, at 

least partly because different subsets of the same cell types can have opposite 

functions (Balkwill et al., 2012; Gajewski et al., 2013). Tumor and host immune 

cells interact in a complex way in a phenomenon that is known as immunoediting, 

which consist of elimination, equilibrium and escape phases (R. Kim, Emi, & 

Tanabe, 2007; Mittal, Gubin, Schreiber, & Smyth, 2014). In the elimination phase, 

tumor cells are destroyed by immune cells, while in the equilibrium phase tumor 

cells acquire properties that increase their chances of resisting the immune system 
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(R. Kim et al., 2007; Mittal et al., 2014). In the escape phase, the tumor growth 

reaches a stage where it is no longer contained by the immune system (R. Kim et 

al., 2007; Mittal et al., 2014). 

T lymphocytes 

CD8-positive cytotoxic T lymphocytes are capable of destroying tumor cells that 

they can recognize based molecular patterns that differ from the ones expressed by 

benign cells (Gajewski et al., 2013). These lymphocytes are often not capable of 

constraining tumor growth, but their presence in large numbers in the tumor area 

generally associates with good prognosis (Fridman, Zitvogel, Sautes-Fridman, & 

Kroemer, 2017). CD4-positive helper T lymphocytes can support cytotoxic T cells 

and improve overall immune response. Usually, two subsets of helper T cells with 

drastically different functions are present in the tumor microenvironment: TH1 

cells, that promote inflammation and TH2 cells, that suppress inflammation 

(Balkwill et al., 2012; Quail & Joyce, 2013). TH1 cells secrete inflammation-

promoting interleukin-2 and interferon gamma (Romagnani, 2000; Xu, DiIulio, & 

Fairchild, 1996). TH2 cells secrete interleukin-4, interleukin-5 and interleukin-13 

and their presence in the tumor area generally associates with faster tumor growth 

and poor prognosis (Balkwill et al., 2012; Romagnani, 2000; Xu et al., 1996). TH1 

cells generally support cytotoxic T-cells while TH2 cells support B cells (Balkwill 

et al., 2012; Rothermel, Gilbert, & Weigle, 1991; Schüler, Qin, Ibe, Noben-Trauth, 

& Blankenstein, 1999). 

FOXP3-positive regulatory T-cells are also commonly present in the tumor 

microenvironment (Whiteside, 2008). They suppress inflammation with several 

mechanisms,  for example by producing anti-inflammatory interleukin-10 and 

transforming growth factor beta (TGF-β) (Chaudhary & Elkord, 2016; Tran, 2011). 

A high amount of FOXP3-positive cells in the tumor area generally associates with 

poor prognosis (Martin, Ladoire, Mignot, Apetoh, & Ghiringhelli, 2010). 

B lymphocytes 

Some subsets of B cells can have inflammation suppressive functions and have 

supported tumor growth in some animal models (Mauri & Bosma, 2012). In human 

cancers there is conflicting evidence about their prognostic value, as in some 

studies they have associated with good prognosis and in other studies with poor 

prognosis (Balkwill et al., 2012). 
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Macrophages 

There are two types of macrophages with different functions: pro inflammatory M1 

macrophages and anti-inflammatory M2 macrophages (Martinez & Gordon, 2014). 

Macrophages in the tumor microenvironment are predominantly the M2 type 

(Quail & Joyce, 2013). They can promote tumor growth by suppressing 

inflammatory response by producing anti-inflammatory cytokines (Biswas & 

Mantovani, 2010), recruiting regulatory T-cells (Gajewski et al., 2013) and 

promoting angiogenesis (Jetten et al., 2014). A high amount of M2 macrophages 

generally is associated with a poor prognosis, while a high amount of M1 

macrophages is associated with good prognosis in human cancers (Fridman et al., 

2017). 

Other immune cells 

Natural killer cells and natural killer T-cells are cytotoxic cells of the innate immune 

system that seem to have minor roles in containing tumor growth and are generally 

associated with good prognosis (Balkwill et al., 2012; Gajewski et al., 2013). 

Dendritic cells have an important role in presenting tumor antigens to T cells and 

thus enabling them to recognize tumor cells (Gardner & Ruffell, 2016). Neutrophils 

are often abundantly present in the tumor area, but their contribution to tumor 

growth is poorly known (Balkwill et al., 2012). 

2.2.4 Epithelial-to-mesenchymal transition 

Epithelial-to-mesenchymal transition (EMT) is a process that epithelial cells may 

undergo to transform into the mesenchymal phenotype. In EMT, epithelial cells 

lose their polarity and their typical adhesion molecules (Kalluri & Weinberg, 2009). 

EMT occurs normally during embryonic development and regeneration processes 

during adulthood. Pathological EMT can occur in epithelial cancers. Loss of 

polarity and decreased adhesion can enhance invasion and metastatic capabilities 

of tumor cells (Kalluri & Weinberg, 2009). 

Tumor microenvironment greatly influences the EMT of tumor cells. An 

important inductor of EMT is TGF-β that is often secreted by CAFs (Jung, Fattet, 

& Yang, 2015).Tumor associated macrophages can release tumor necrosis factor 

alpha, which can induce EMT both directly and through promoting secretion of T 
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TGF-β (Jing, Han, Zhang, Liu, & Wei, 2011). Mechanical and chemical properties 

of ECM of the tumor can also promote EMT (Jung et al., 2015). 

2.3 Novel prognostic factors from HE-stained slides 

Several promising novel prognostic factors that can be analyzed from HE-stained 

tumor slides in different types of cancers have been identified during the last 20 

years. Their advantage is that HE-stained slides are already routinely used in 

diagnostic pathology, which makes adoption of HE-based markers into clinical use 

easy and cheap compared to immunohistochemical or genetic markers. They are 

often based on tumor microenvironment instead of the tumor cells, which might 

enable them to complement the information that TNM-staging provides. In gastric 

cancer, they are not currently in clinical use. 

2.3.1 Tumor-stroma ratio 

Tumor-stroma ratio (TSR) is based on assessment of the connective tissue that the 

tumor is composed of in addition to tumor cells. It is defined as the area of tumor 

cells compared to stromal area and is usually analyzed from a single field of vision 

with the most abundant stroma in the tumor area. A high amount of stroma (low 

TSR) was first associated with poor survival in colorectal cancer in a relatively 

small study of 122 patients in 2007 (Mesker et al., 2007). Since then, several studies 

have confirmed the relation between low TSR and poor survival in colorectal 

cancer (Eriksen et al., 2018; Huijbers et al., 2013; J. H. Park et al., 2015). 

Several studies on TSR in different cancer types have been conducted during 

the last decade. Most of them have found an association between low TSR and 

decreased survival. Examples of studies on TSR in different cancer types are shown 

in Table 3. 

In gastric cancer, few studies have studied TSR in relation to prognosis. In early 

2017, a Korean study including 175 patients with diffuse-type gastric cancer 

reported association between high amount of intratumoral stroma and poor survival 

(D. Lee et al., 2017). Similar results were received in two smaller studies that 

included also patients with intestinal-type histology (Aurello et al., 2017; Zhou et 

al., 2017). In August of 2017, a Chinese study that included 494 patients and 

assessed their TSR in relation to survival was published (C. Peng, J. Liu, G. Yang, 

& Y. Li, 2018). Low TSR was associated with poor survival also in that study. 
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Table 3. Studies on prognostic value of TSR in different cancer types. 

Study Cancer type Number of patients Result 

De Kruijf et al. (de Kruijf 

et al., 2011) 

Breast cancer 574 Low TSR associated 

with poor survival, 

adjusted HR 2.92, 95% 

CI 1.358–6.320 

Dekker et al. (Dekker et 

al., 2013) 

Breast cancer 403 Low TSR associated 

with poor survival, 

adjusted HR 1.853, 95% 

CI 1.327–2.585 

Xi et al. (Xi et al., 2017) Non-small cell lung cancer 261 Low TSR associated 

with poor survival, 

adjusted HR 2.034, 95% 

CI 1.210–3.420 

Ichikawa et al. (Ichikawa 

et al., 2018) 

Lung adenocarcinoma 127 High TSR associated 

with poor survival, 

adjusted HR 3.51, 95% 

CI 1.18–10.4 

Liu et al. (Liu et al., 2014) Cervical cancer 184 Low TSR associated 

with poor survival, 

adjusted HR 3.125, 95% 

CI 1.045–10.513 

Chen et al. (Chen, 

Zhang, Liu, & Liu, 2015) 

Ovarian cancer 843 TSR was not associated 

with overall survival, 

adjusted HR 1.172, 95% 

CI 0.983–1.396 

Zhang et al. (X. L. Zhang 

et al., 2014) 

Nasopharyngeal cancer 93 Low TSR associated 

with poor survival, 

adjusted HR 1.925, 95% 

CI 1.024–3.620 

Karpathiou et al. 

(Karpathiou et al., 2019) 

Laryngeal and pharyngeal 

squamous cell cancer 

266 Low TSR associated 

with poor survival, 

adjusted HR not 

reported, 95% CI 1.27–

2.59 

Lv et al. (Lv et al., 2015) Hepatocellular carcinoma 300 Low TSR associated 

with poor survival, 

adjusted HR 2.76, 95% 

CI 1.47–4.85 
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Study Cancer type Number of patients Result 

Wang et al. (K. Wang et 

al., 2012) 

Esophageal squamous cell 

cancer 

95 Low TSR associated 

with poor survival, 

adjusted HR 3.450, 95% 

CI 1.913–6.222 

Staal et al. (Courrech 

Staal et al., 2010) 

Esophageal 

adenocarcinoma 

93 Low TSR associated 

with poor survival, 

adjusted HR 2.006, 95% 

CI 1.181–3.407 

Panayiotou et al. 

(Panayiotou et al., 2015)  

Endometrial cancer 400 TSR was not associated 

with overall survival, 

adjusted HR 1.18 (0.56–

2.47) 

 

2.3.2 Tumor budding 

A tumor bud is a single tumor cell or a cluster of up to four tumor cells that appear 

to be detached from the main tumor. A high amount of tumor buds might be a sign 

of increased invasive or metastatic capabilities of the tumor. In 1993, the first 

landmark study, including 663 patients, was published and showing a strong 

association between high budding and poor survival (Hase, Shatney, Johnson, 

Trollope, & Vierra, 1993). Several studies have since then verified the adverse 

prognosis of patients with high tumor budding (Nakamura, Mitomi, Kanazawa, 

Ohkura, & Watanabe, 2008; K.-J. Park, Choi, Roh, Kwon, & Kim, 2005; M. Tanaka 

& Yojiro Hashiguchi, 2003; L. M. Wang et al., 2009). In 2016, an international 

conference on tumor budding in colorectal cancer approved guidelines for its 

assessment in colorectal cancer and considered that tumor budding was ready for 

clinical use in treatment of colorectal cancer (Lugli et al., 2017). 

After promising results of colorectal cancer studies, tumor budding has gained 

attention in other cancer types as well. High budding has been associated with poor 

survival in several cancer types, but the studies have not yet advanced as far as in 

colorectal cancer. Examples of studies on tumor budding in different cancer types 

are shown in Table 4. 
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Table 4.  Studies on prognostic value of tumor budding in different types of cancer. 

Study reference Cancer type Number of patients Result 

Liang et al. (Liang et al., 

2013) 

Breast adenocarcinoma 160 High budding associated 

with worse survival, 

multivariable HR 4.275, 

95% CI 2.299–7.949 

Gujam et al. (Gujam, 

McMillan, Mohammed, 

Edwards, & Going, 2015) 

Breast adenocarcinoma 474 High budding associated 

with worse survival, 

multivariable HR 2.63, 

95% CI 1.16–5.92 

Li et al. (X. Li, Wei, 

Sonmez, Li, & Peng, 2017) 

Breast adenocarcinoma 373 High budding as 

continuous variable  

associated with worse 

survival in triple negative 

breast cancer, 

multivariable HR 1.095, 

95% CI 1.008–1.190. 

Budding not associated 

with survival in other 

subtypes. 

Yamaguchi et al. 

(Yamaguchi et al., 2010) 

Lung adenocarcinoma 181 High budding associated 

with worse survival, 

multivariable HR 1.872, 

95% CI 1.062–3.298 

Kadota et al. (Kadota et 

al., 2014) 

Lung squamous cell 

carcinoma 

485 High budding associated 

with worse survival as 

continuous variable, 

multivariable HR 1.04, 

95% CI 1.01–1.07 

Masuda et al. (Masuda et 

al., 2012) 

Lung squamous cell 

carcinoma 

103 High budding associated 

with worse survival, 

multivariable HR 2.766, 

95% CI, 1.497–5.109 

Taira et al. (Taira et al., 

2012) 

Lung squamous cell 

carcinoma 

217 High budding associated 

with worse survival, 

multivariable HR 1.597, 

95% CI 1.069–2.384 

Masugi et al. (Masugi et 

al., 2010) 

Pancreatic ductal 

adenocarcinoma 

114 High budding associated 

with worse survival, 

multivariable HR 2.266, 

95% CI 1.083–4.741 
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Study reference Cancer type Number of patients Result 

Chouat et al. (Chouat et 

al., 2018) 

Pancreatic ductal 

adenocarcinoma 

50 High budding associated 

with worse survival, 

multivariable HR 6,09, 

95% CI 1,11–33,28 

Karamitopoulou et al. 

(Karamitopoulou et al., 

2013) 

Pancreatic ductal 

adenocarcinoma 

117 High budding associated 

with worse survival, 

multivariable HR 3.65, 

95% CI 2.1–6.4 

Soriano et al. (Lorenzo 

Soriano et al., 2019) 

Bladder cancer 106 High budding associated 

with worse survival, 

multivariable HR 2.27, 

95% CI 1.19–4.34 

Brieu et al. (Brieu et al., 

2019) 

Bladder cancer 100 High intratumoral 

budding associated with 

worse survival, 

univariate HR 3.22, 95% 

CI 1.87–5.57, 

peritumoral budding not 

associated with survival 

Almangush et al. 

(Almangush et al., 2015)  

Oral squamous cell 

carcinoma 

311 High budding associated 

with worse survival, 

multivariable HR 2.19, 

95% CI 1.20–4.00 

Jensen et al. (Jensen et 

al., 2015) 

Oral squamous cell 

carcinoma 

199 High budding associated 

with worse survival, 

multivariable HR 1.6, 

95% CI 1.1–2.3 

Wang et al. (C. Wang et 

al., 2011) 

Tongue squamous cell 

carcinoma 

230 High budding associated 

with worse survival, 

multivariable HR 3.029, 

95% CI 1.535–5.977 

Koyuncuoglu et al. 

(Koyuncuoglu et al., 2012) 

Endometrial cancer 95 High budding associated 

with worse survival, 

multivariable OR 1.8, 

95% CI 1.03–10.99 

Jesinghaus et al. 

(Jesinghaus et al., 2018) 

Cervical cancer 125+122 High budding associated 

with poor survival, HR 

not reported 

Huang et al. (Huang, Cai, 

Xu, Guo, & Wang, 2016) 

Cervical cancer 643 High budding associated 

with worse survival, 

multivariable HR 2.868, 

95% CI 1.509–5.451 
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Study reference Cancer type Number of patients Result 

Landau et al. (Landau et 

al., 2014) 

Esophageal 

adenocarcinoma 

210 High budding associated 

with poor survival, 

multivariable HR 3.3, 

95% CI 1.5–7.4 

Brown et al. (Brown et al., 

2010) 

Esophageal 

adenocarcinoma and 

squamous cell carcinoma 

356 High budding associated 

with worse survival, 

multivariable HR 1.48, 

95% CI 1.15–1.91 

Koike et al. (Koike et al., 

2008) 

Esophageal squamous cell 

carcinoma 

163 High budding associated 

with worse survival, 

multivariable HR 4.195, 

95% CI 1.770–9.941 

Nakanishi et al. (Nakanishi 

et al., 2011) 

Esophageal squamous cell 

carcinoma 

82 Budding was not 

associated with survival 

in multivariable analysis 

Zhu et al. (Zhu et al., 

2019) 

Head and neck squamous 

cell carcinoma 

594 (a meta-analysis 

of four studies) 

High budding associated 

with poor survival, HR 

2.09, 95% CI 1.53–5.98 

A few small studies have also shown evidence supporting the poor prognosis of 

gastric cancer patients with high tumor budding. The association was first noticed 

in a Japanese study of 153 patients (K. Tanaka et al., 2014). A Turkish study 

published in 2015 found an association between increased risk of lymph node 

metastases and high tumor budding in early gastric cancer (Gulluoglu et al., 2015). 

A subsequent Danish study of 52 patients found an association between high tumor 

budding and increased risk of recurrence in intestinal-type gastric cancer (Olsen, 

Jin, Fields, Yan, & Nalbantoglu, 2017). Additionally, high tumor budding was 

associated with poor prognosis in a Chinese study that included 296 patients (Che 

et al., 2017). 

2.3.3 Classification of stroma 

Few studies have attempted analyzing the type of tumor stroma instead of the 

quantity of stroma on HE-stained slides in relation to prognosis. One of the best-

defined stromal properties that has been associated with prognosis is stromal 

maturity in colorectal cancer. Colorectal cancer patients with immature stroma have 

been shown to have poorer prognosis than patients with mature stroma in several 

studies (Ueno, Jones, Wilkinson, Jass, & Talbot, 2004; Ueno et al., 2018; Ueno et 
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al., 2015). Immature stroma is categorized by thick, hypocellular collagen bundles 

and myxoid stroma, while the collagen fibers in the mature stroma are thin and 

myxoid stroma is absent.  To my knowledge, there have been no previous studies 

on the prognostic value on the stromal-type of gastric cancer. 

2.3.4 Assessment of lymphocytic infiltrate 

Several different immune cell scoring systems have been shown to have prognostic 

value in different cancer types. Their problem is that they are more difficult to 

replicate than methods based on immunohistochemical stainings and they cannot 

recognize different types of lymphocytes as precisely. In colorectal cancer, Klintrup 

and Mäkinen developed the most widely used classification system for 

inflammatory cell infiltration in 2005. The classification system is based on the 

strength of inflammatory reaction at the tumor front, which is estimated by the 

amount of lymphocytes in the front and the number of tumor cells they destroy 

(Klintrup et al., 2005). High-grade inflammation is associated with good prognosis 

(Klintrup et al., 2005; Max et al., 2016; J. H. Park et al., 2015). Two small gastric 

cancer studies have shown similar results.(B. Ahn et al., 2018; Zhou et al., 2017). 

Another widely used classification system for lymphocytic infiltrate is the 

assessment of tumor infiltrating lymphocytes (TILs), which is especially widely 

used in breast cancer. The area that TILs cover is estimated on stromal and tumor 

cell compartments separately (Hendry et al., 2017). Assessment of TILs in breast 

cancer can be reliably reproduced (C. Denkert et al., 2016). A high amount of TILs 

generally associates with good prognosis in breast cancer, but this might not apply 

to all subtypes of breast cancer (Carsten Denkert et al., 2018). In gastric cancer, one 

large Chinese study with 1033 patients published in 2019 has shown increased 

survival of patients with high numbers of intratumoral and stromal TILs (D. Zhang 

et al., 2019). Prior to that, two small studies also had found an association between 

a high number of stromal TILs and  favorable prognosis (Giampieri et al., 2017; 

Kang et al., 2016). 

In non-small cell lung cancer, high-grade lymphocyte response on HE-stained 

slides has also been associated with improved survival in one high-quality study 

that included 1808 patients (Brambilla et al., 2016). Smaller studies that used HE-

stained slides have found increased survival of patients with lymphocyte-rich 

tumors in ovarian cancer (Hwang et al., 2019), pancreatic cancer (Lianyuan, 

Dianrong, Chunhui, Zhaolai, & Bin, 2018), oral squamous cell carcinoma 
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(Brandwein-Gensler et al., 2005) and laryngeal squamous cell carcinoma (J. Wang 

et al., 2016; Vassilakopoulou et al., 2016). 
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3 Aims of the study 

The aim of this study was to assess prognostic significance and reproducibility of 

HE-staining-based prognostic factors in gastric cancer. For analysis, we selected 

factors with lacking or insufficient information in this malignancy type. The 

specific objectives were: 

1. To evaluate the reproducibility and prognostic significance of TSR in gastric 

cancer. 

2. To evaluate the reproducibility and prognostic significance of tumor budding 

in gastric cancer. 

3. To evaluate the reproducibility and prognostic significance of stromal maturity 

in gastric cancer. 

4. To evaluate the reproducibility and prognostic significance of KM-grade in 

gastric cancer, and to compare that to immune cell score in gastric cancer. 
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4 Materials and methods 

4.1 Study settings and patients 

Studies I–III were retrospective single-institution cohort studies. Study IV was a 

retrospective cohort study in two institutions. Study V was a systematic literature 

review and a meta-analysis.  

The Oulu University Hospital study cohort (Oulu cohort) that was used in 

studies I–IV consisted of 601 patients who underwent gastrectomy between years 

1983–2016. The patients were identified from the archives of the Department of 

Pathology of Oulu University Hospital. Of those patients, 583 had diagnostic HE-

slides available. The clinicopathological characteristics of these patients are shown 

in Table 5. The Central Hospital of Central Finland study cohort (Jyväskylä cohort) 

that was used in study IV consisted of 158 patients who underwent gastrectomy 

between years 1997–2018. The clinicopathological properties of these patients are 

shown in Table 6. For each patient in both cohorts, the available diagnostic slides 

were reviewed and a representative slide with the deepest invasion of the tumor 

was scanned at 400x total magnification accuracy using an Aperio AT2 (Leica 

Biosystems, Wetzlar, Germany). The scanned slides were used for further analyses.  

The clinical data for patient cohorts was obtained from the patient records and 

archived pathology reports. The follow-up data and causes of death were obtained 

from Statistics Finland. The studies were approved by the authorities of both 

hospitals: Oulu University Hospital ethics committee and the Finnish Authority for 

Medicolegal Affairs (VALVIRA). 

Table 5. Patient characteristics of the Oulu cohort (n=583). 

Characteristic Distribution of patients 

Year of surgery 2000≥ 253 (43.4%), <2000 330 (56.6%) 

Median age at diagnosis 68.8 years 

Sex Male 352 (60.4%), female 231 (39.6%) 

Neoadjuvant chemotherapy Received 22 (3.8%), did not receive 561 (96.2%) 

Tumor stage I–II 359 (61.6%), III–IV 224 (38.4%) 

Histological type Intestinal 293 (50.3%), diffuse 270 (46.3%), mixed 

20 (3.4%) 

Radicality of resection Radical 437 (75.0%), not radical 146 (25.0%) 
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Table 6.  Patient characteristics of the Jyväskylä cohort (n=158). 

Characteristic Distribution of patients 

Year of surgery 2000≥ 9 (5.7%), <2000 149 (94.3%) 

Median age 69.5 years 

Sex Male 87 (55.1%), female 71 (44.9%) 

Neoadjuvant chemotherapy Received 14 (8.9%), did not receive 144 (94.3%) 

Tumor stage I–II 106 (67.1%), III–IV 52 (32.9%) 

Histological type Intestinal 69 (43.7%), diffuse 85 (53.8), mixed 4 

(2.5%) 

Radicality of resection Radical 142 (89.9%), not radical 16 (10.1%) 

4.2 Tissue micro array  

A tissue microarray was constructed from the Oulu cohort for 

immunohistochemical stainings. For the Oulu cohort, two representative regions 

from the bulk of the tumor and two representative regions from the tumor front 

were selected for each patient. Archived paraffin-embedded samples were used for 

the construction of the TMA. Two one-millimeter cores from both the tumor bulk 

and front were punched using a TMA-device, (Galileo TMA CK4500 Integrated 

Systems Engineering, Milan, Italy), and the array blocks were constructed. 

4.3 Assessment of TSR (Study I)  

TSR was assessed from scanned slides independently by two researchers blinded 

to clinical and outcome data (N.K. and M.E.). The slide was viewed at low 

magnification, and the area with the most intratumoral stroma was identified. TSR 

was scored from a single field of vision at 100x total magnification. Smooth muscle 

tissue, necrosis and mucin were excluded from the analysis. The remaining area 

consisted of stroma and tumor cells. The area that was covered by stroma was 

estimated and scored by 10% intervals. The patients were divided to stroma-poor 

(proportion of stroma ≤50%) and stroma-rich (proportion of stroma >50%) groups. 

If the estimates of stromal area differed by over 20% or were on different sides of 

the 50% cut-off, the slide was re-assessed together with a third investigator (T.J.K.) 

and consensus was reached. Examples of high and low TSR are shown in Fig. 5. 
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Fig. 5. Photomicrograph images of high (A) and low TSR (B) in gastric adenocarcinoma 

at 100x total magnification. 
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4.4 Assessment of tumor budding (Study II)  

Tumor budding was assessed by counting the number of tumor buds in a single 

field of vision, in which there were most tumor buds, by two independent 

researchers (N.K. and M.E.). A tumor bud was defined as a single tumor cell or a 

cluster of up to four tumor cells that appeared to be detached from larger carcinoma 

cell islands at the invasive front of the main tumor. The invasive front of the tumor 

was screened at low magnification to identify the area with the most tumor buds. 

The number of tumor buds was counted from a single field of vision with 200x total 

magnification. The area of the 200x field of vision in Imagescope was 

approximately 0.398 mm2. Therefore, the number of buds was multiplied by 1.97 

to get the amount of tumor buds per a standardized high-power field (HPF) with an 

area of 0.785mm2. The patients were divided into low (<10 buds per standardized 

HPF) and high (≥10 buds per standardized HPF) budding groups. If the patients 

were placed on other sides of the cut-off by the two researchers, the slide was 

reassessed with a third researcher (T.J.K.). Examples of high and low tumor 

budding are shown in Fig. 6. 

4.5 Assessment of stromal maturity (Study III) 

Stromal maturity was assessed independently by N.K. and M.E. Immature stroma 

was defined as stroma where thick, hypocellular, eosinophilic keloid-like collagen 

bundles or myxoid stroma were present, while mature stroma consisted of smooth, 

thin collagen fibers. The classification was based on the classification scheme 

presented by Ueno et al. in 2004 (Ueno et al., 2004) The stroma was classified as 

immature if keloid-like collagen was present in at least 5% of the stromal area or if 

myxoid stroma was present. The cases which had been placed in different groups 

by the researchers were reassessed together. Few controversial cases were 

reassessed with a third researcher (V-M.P.). Examples of mature and immature 

stroma are shown in Fig. 7. 
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Fig. 6. Photomicrograph images of low (A) and high (B) tumor budding in gastric 

adenocarcinoma at 200x total magnification. Examples of tumor buds are marked with 

arrows. 
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Fig. 7. Photomicrograph images of gastric adenocarcinomas with mature (A) and 

immature stroma (B) at 100x total magnification. 
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4.6 Assessment of KM-grade (study V) 

KM-grade was assessed by two independent researchers (N.K. and N.H.) as well. 

The inflammatory reaction at the tumor front was graded on a scale of 0–3. Grade 

0 was equal to no increase in the amount of inflammatory cells. Grade 1 was given 

if there was a mild inflammatory reaction with patchy infiltrate. Grade 2 was given 

if the inflammatory infiltrate was band-like and the amount of lymphocytes was 

significantly increased, possibly accompanied with some destruction of tumor cells. 

Grade 3 was given if the inflammatory reaction was very strong and destruction of 

cancer cells was present. The patients were divided into low (0–1) KM-grade and 

high (2–3) KM-grade groups. If there was a disagreement about the KM-grade 

group, the specimen was reassessed together to reach consensus. Few cases with 

initially controversial classification were reassessed with a third assessor (V-M.P) 

to determine the final KM-grade. Examples of low and high KM-grade are shown 

in Fig. 8. 

4.7 Assessment of immune cell score 

In the Oulu cohort, the CD3 and CD8 stainings were done from the TMA using 

commercial mouse antibodies (Novocastra NCL-L-CD3-565 and Novocastra 

NCL-CD8-4B11). The stained slides were scanned. The density of positive 

lymphocytes for each staining in each TMA-core was estimated using QuPath open 

source analysis software, version 0.1.2 (Bankhead et al., 2017). The average 

densities in cores taken from the tumor front and cores taken from tumor bulk were 

calculated separately. If there was only one core available for either region, only 

that core was used. In the Jyväskylä cohort, whole tissue slides were stained for 

CD3 and CD8. The assessment was performed in the immune cell hotspots on 

stained slides resembling the TMA technique.  

The immune cell score (ICS) was calculated for each patient by calculating the 

percentile for lymphocyte density for each area and staining (CD3 in front, CD3 in 

bulk, CD8 in front, CD8 in bulk). The average of those four percentiles were 

calculated. To get a three-tiered ICS, an average percentile score of ≤25% was 

scored low, >25% but ≤70% intermediate and >70% high. 
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Fig. 8. Photomicrograph images of low (A) and high KM-grade (B) in gastric 

adenocarcinoma at 100x total magnification. 
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4.8 Statistical analysis in studies I–IV 

Statistical analyses were performed with IBM SPSS statistics version 24 (IBM 

Corp., Armonk, NY). The primary outcome in studies I–IV was five-year overall 

survival and the secondary outcome was overall survival. The statistical analyses 

were performed in the total study cohort and subgroups of intestinal and diffuse-

type histologies. T-test and one-way ANOVA were used to compare continuous 

variables. Chi-square test was used to compare categorical variables. Log-rank test 

was used to compare survival between groups. Cox regression with univariate and 

multivariable model was used to obtain hazard ratios for mortality between groups. 

The Cox multivariable model was adjusted for potential confounders: sex (male or 

female), age at surgery (continuous variable), year of surgery (before year 2000 or 

after year 2000, neoadjuvant chemotherapy (yes or no), TNM-stage (I–II or III–IV), 

histological-type (intestinal, diffuse or mixed), radicality of resection (radical or 

not radical) and additionally histological grade (I–II or III) when performing 

analysis of the intestinal-type subgroup. In study IV, the center in which the patient 

was treated (Oulu University Hospital or Central Finland Central Hospital) was 

additionally used as a confounder in Cox regression analyses. 

4.9 Meta-analysis 

A systematic literature review and a meta-analysis was conducted on studies of 

TSR in gastric cancer in study V. A structured literature search was conducted on 

PubMed, Web of Science, EMBASE, Cochrane and Scopus. The studies assessed 

TSR in gastric cancer in relation to survival were extracted from the studies yielded 

by the literature search. Relevant clinical and survival data were collected from the 

studies that were found by two independent researchers (N.K. and M.E.). They also 

assessed quality of selected studies using the Newcastle-Ottawa scale. 

The outcomes of the meta-analysis were five-year overall survival and overall 

survival. The meta-analysis was conducted on hazard-ratios for five-year mortality 

and overall mortality that were received from the studies. The meta-analysis was 

conducted with Review Manager 5.3 (The Cochrane Collaboration, Oxford, UK) 

using the generic inverse variance-method with random-effects model. 
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5 Results 

5.1 Tumor-stroma ratio and prognosis in gastric cancer (studies I 

and V) 

In study I, TSR was successfully analyzed in relation to survival in 583 gastric 

adenocarcinoma patients. Assessment of TSR was highly reproducible (Cohen's 

Kappa 0.842). In the assessment, 342 (58.7%) patients were found to have a tumor 

with low TSR, while 241 (41.3%) of the patients had high TSR tumors. Low TSR 

was strongly associated with decreased five-year survival in the whole study 

population (univariate HR 1.94, 95% CI 1.57–2.40, Fig. 9). Multivariable analysis 

confirmed that low TSR was an independent prognostic factor for poor five-year 

survival in the study cohort (adjusted HR 1.80, 95% CI 1.41–2.28). TSR was also 

independently associated with poor overall survival (adjusted HR 1.71, 95% CI 

1.39–2.11). 

The association between TSR and prognosis was also analyzed separately in 

subgroups of patients with intestinal- and diffuse-type histologies. In the intestinal-

type subgroup, low TSR was associated with poor five-year survival (adjusted HR 

1.68, 95% CI 1.24–2.27) and overall survival (adjusted HR 1.69, 95% CI 1.29–

2.21) in multivariable analysis. Similarly, in the diffuse-type subgroup, low TSR 

was an independent poor prognostic factor for both five-year survival (adjusted HR 

2.09, 95% CI 1.35–3.23) and overall survival (adjusted HR 2.01, 95% CI 1.30–

3.12). 

The literature search of study V yielded seven studies that assessed TSR in 

relation to survival. In the studies, a high proportion of stroma was associated with 

poor survival. Six of the studies with 1779 patients combined could be included in 

the quantitative analysis. Five-year survival was significantly worse in the low TSR 

group (HR 2.19, 95% CI 1.69–2.85). Overall survival based on the longest follow-

up periods that the studies provided was similarly significantly worse in the low 

TSR group (HR 2.33, 95% CI 1.72–2.63). No publication bias was observed. 
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Fig. 9. Kaplan-Meier graph depicting differences in cumulative mortality between high 

and low TSR groups in the Oulu cohort of 583 gastric cancer patients. 

5.2 Tumor budding and prognosis in gastric cancer (study II) 

In study II, the prognostic value of tumor budding was analyzed in the Oulu cohort 

of 583 patients. Assessment of tumor budding was performed with high 

interobserver agreement (Kappa 0.706). Difficulties were encountered for defining 

tumor budding in diffuse-type carcinomas due to their natural uncohesive growth 

pattern. 

There were 262 (44.9%) patients with low tumor budding and 321 (55.1%) 

patients with high tumor budding. High tumor budding was significantly associated 

with poor five-year survival in the whole study population in univariate analysis 

(HR 1.67, 95% CI 1.36–2.05, Fig. 10). Based on multivariable analysis, high tumor 

budding was an independent factor for poor prognosis in the study cohort (adjusted 

HR 1.55, 95% CI 1.20–2.01). High tumor budding was also associated with poor 

overall survival in multivariable analysis (adjusted HR 1.40, 95% CI 1.12–1.76). 
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Prognostic value of tumor budding was assessed separately in intestinal- and 

diffuse-type subgroups as well.  In multivariable analysis in the intestinal-type 

subgroup, high budding was associated with both decreased five-year (adjusted HR 

1.57, 95% CI 1.14–2.15) and overall survival (adjusted HR 1.40, 95% CI 1.12–

1.76). In the diffuse-type subgroup, tumor budding was not associated with five-

year survival when confounders were taken into account in the multivariable 

analysis. High tumor budding was significantly associated with overall survival in 

the diffuse-type subgroup (adjusted HR 1.54, 95% CI 1.01–2.34). 

Fig. 10. Kaplan-Meier graph depicting differences in cumulative mortality between high 

and low tumor budding groups of the 293 intestinal-type gastric cancer patients of the 

Oulu cohort. 

5.3 Stromal maturity and prognosis in gastric cancer (Study III) 

In study III, the patients in the Oulu cohort were classified into mature and 

immature stroma groups based on the collagen structure of their tumors. The 

assessment was performed with moderate interobserver agreement (Kappa 0.609). 
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There was a large number of borderline cases and it was slightly difficult to 

precisely define which tumors had enough immature stromal properties to be 

classified into the immature stroma group. 

There were 360 (61.7%) patients with mature stroma and 223 (38.3%) patients 

with immature stroma. Patients with immature stroma had worse five-year survival 

in univariate analysis (HR 1.56, 95% CI 1.28–1.91, Fig. 11). The difference in 

survival was significant also in multivariable analysis (adjusted HR 1.32, 95% CI 

1.06–1.64). Immature stroma was significantly associated with poor overall 

survival (adjusted HR 1.35, 95% CI 1.11–1.65). In post-hoc analysis of 221 patients 

with stage 2 tumors, patients with immature stroma had considerably worse 

survival in multivariable analysis (HR 1.47, 95% CI 1.04–2.08). 

Also, prognostic significance of stromal maturity was analyzed in intestinal- 

and diffuse-type subgroups. In the intestinal-type subgroup, patients with immature 

stroma had significantly worse five-year survival (adjusted HR 1.41, 95% CI 1.04–

1.93) and overall survival (adjusted HR 1.35, 95% CI 1.11–1.65). In the diffuse-

type subgroup, stromal maturity was not associated with five-year survival in 

multivariable analysis. In contrast, the immature stroma group had significantly 

worse overall survival (adjusted HR 1.36, 95% CI 1.02–1.82). 

5.4 KM-grade, ICS and prognosis in gastric cancer (Study IV) 

In study IV, prognostic value of KM grade and ICS were studied in the Oulu and 

Jyväskylä patient cohorts. The cohorts were combined as a single study cohort for 

statistical analyses. ICS was assessed for 658 patients, as some patients lacked the 

TMA-cores necessary for the assessment. KM-grade was successfully assessed for 

all 741 patients included.  A moderate interobserver agreement (Kappa 0.526) was 

achieved for assessment of KM-grade. There was a large number of borderline 

cases, for which the classification was difficult to perform reliably. 

In both cohorts combined, there were 119 (16.1%) patients with low ICS, 384 

(51.8%) patients with intermediate ICS and 155 (20.9%) patients with high ICS. 

High ICS was associated with improved five-year survival compared to low ICS in 

multivariable analysis (adjusted HR 0.70, 95% CI 0.52–0.94). Intermediate ICS 

was associated with increased five-year survival in univariable analysis (HR 0.74, 

95% CI 0.58–0.94) but not in multivariable analysis (adjusted HR 0.86, 95% CI 

0.67–1.09). High ICS was also independently associated with improved five-year 

survival in the intestinal-type subgroup (adjusted HR 0.54, 95% CI 0.36–0.81). 
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Fig. 11. Kaplan-Meier graph depicting differences in cumulative mortality between 

immature and mature stroma groups in the Oulu cohort of 583 gastric cancer patients. 

 

There were 599 (80.8%) patients with low KM-grade and 142 (19.2%) with 

high KM-grade in the study cohort.  High KM-grade was independently associated 

with increased five-year survival (adjusted HR 0.59, 95% CI 0.45–0.77, Fig. 12). 

Similar associations were found in both intestinal-type subgroup (adjusted HR 

0.61, 95% CI 0.44–0.85) and diffuse-type subgroup (adjusted HR 0.52, 95% CI 

0.31–0.86).  
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Fig. 12. Kaplan-Meier graph depicting differences in cumulative mortality between high 

and low KM-grade groups in the study cohort of 741 gastric cancer patients. 
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6 Discussion 

The aim of this thesis was to examine the prognostic value of TSR, tumor budding, 

stromal maturity and KM-grade and reproducibility of their assessment in gastric 

cancer. Prognostic value of KM-grade was also compared with ICS. All of these 

factors are independent prognostic factors in gastric cancer based on our results. 

TSR and tumor budding were assessed with high interobserver agreement, while 

stromal maturity and KM-grade were assessed with moderate interobserver 

agreement. These factors could potentially be included in pathology reports in the 

future to improve their prognostic accuracy. 

6.1 TSR in gastric cancer 

Based on the results from study I in the Oulu patient cohort, TSR was a strong 

independent prognostic factor (adjusted HR 1.80, 95% CI 1.41–2.28). TSR was 

also an independent prognostic factor in both histological type subgroups. Similar 

results had been received from previous studies, all of which have found association 

between a high amount of stroma and decreased survival. The largest previous 

study was a Chinese study of 494 patients, which reported an adjusted HR of 1.91 

with 95% CI 1.43–2.60 for mortality in the low TSR group compared to the high 

TSR group (C. W. Peng, J. Y. Liu, G. F. Yang, & Y. Li, 2018). The other TSR and 

prognosis in gastric cancer studies were an Italian study with 106 patients (Aurello 

et al., 2017), a Korean study of 175 patients with diffuse-type gastric cancer (D. 

Lee et al., 2017) and a Chinese study with 225 patients (Zhou et al., 2017). 

The current meta-analysis of studies on TSR in gastric cancer provided more 

solid evidence on the prognostic power of TSR in gastric cancer (study V). Five-

year survival was significantly worse for patients with low TSR (HR 2.19, 95% CI 

1.69–2.85). 

Both the mechanisms regulating relative amount of stroma and the mechanisms 

that explain poor survival of patients with a high amount of intratumoral stroma are 

poorly understood. Still, several possible mechanisms can be hypothesized as the 

stromal component of cancer has been increasingly studied in recent years. The 

tumors with a high amount of stroma likely benefit from CAFs’ growth promoting 

properties. CAFs have been found to secrete signaling molecules that increase 

tumor growth and promote angiogenesis (Fukumura et al., 1998; Henriksson et al., 

2011; Ying et al., 2015). They also may mediate drug resistance and immune 

evasion of the tumor (Fearon, 2014; Plava et al., 2019). 
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In study I, assessment of TSR could be performed with high reproducibility. 

As TSR has good prognostic value and it can be easily assessed from routinely 

stained slides, it might be a useful addition to the toolkit of pathologists that 

examine gastric cancer specimens. 

6.2 Tumor budding in gastric cancer 

Study II was the largest one to date assessing tumor budding in gastric cancer in 

relation to prognosis. Tumor budding was an independent prognostic factor, but its 

value seemed to be limited to the intestinal-type subgroup. In the intestinal-type 

subgroup, adjusted HR for five-year mortality was 1.57 (95% CI 1.14–2.15) in the 

high budding group compared to the low budding group. In the diffuse-type 

subgroup, the prognostic value of tumor budding was limited and defining tumor 

budding was difficult. Based on our results, assessment of tumor budding in gastric 

cancer should probably be limited to the intestinal-type subgroup. 

There were two studies that had previously found a similar association between 

high tumor budding and decreased survival. The larger of them was a Chinese study 

with 296 patients (Che et al., 2017) and the other was a Japanese study with 153 

patients (K. Tanaka et al., 2014). After study II, a German study including 237 

patients with intestinal-type gastric cancer similarly found decreased survival of 

intestinal-type cancer patients with high tumor budding (Ulase, Heckl, Behrens, 

Kruger, & Rocken, 2019). 

The poorer prognosis for patients with high tumor budding might be explained 

by increased EMT by tumor cells in the invasive edge of tumors with high budding. 

Increased EMT might increase invasive and metastatic capabilities of tumor cells 

(Kalluri & Weinberg, 2009). Tumor buds express markers that are associated with 

EMT, which supports the hypothesis that EMT is the most important mechanism 

that explains tumor budding (Grigore, Jolly, Jia, Farach-Carson, & Levine, 2016). 

In study II, tumor budding was assessed with good interobserver agreement. 

Similarly, in the study by Ulase et al., only 11.2% of cases needed reassessment 

(Ulase et al., 2019). The studies that have estimated the prognostic value of tumor 

budding have included under 1000 patients with intestinal-type histology combined. 

Tumor budding seems to be an independent prognostic factor in intestinal-type 

gastric cancer, but the number of patients studied is still relatively small. 
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6.3 Stromal maturity in gastric cancer 

Study III was a pilot study on prognostic value of stromal maturity in gastric cancer. 

Stromal maturity was an independent prognostic factor for five-year survival in 

multivariable analysis (adjusted HR 1.32, 95% CI 1.06–1.64). Its assessment was 

performed with moderate reproducibility. There were difficulties in defining the 

collagen structure, that was considered to be immature, precisely enough for 

reliable classification of borderline cases. The classification also had to be made 

two-tiered, as there were few cases with myxoid stroma, which has been utilized 

for three-tiered classification in colorectal cancer (Ueno et al., 2004). 

The prognostic value of stromal maturity in study III in gastric cancer was 

similar to the prognostic value of stromal maturity in previous studies of colorectal 

cancer (Ueno et al., 2004; Ueno et al., 2017; Ueno et al., 2018). As study III was 

the first one on the topic in gastric cancer, more studies will be needed before 

clinical implications of stromal maturity can be estimated. 

The mechanisms that might explain poorer prognosis of patients with immature 

stroma might be partly the same as the mechanisms that may explain poor prognosis 

of patients with low TSR. The ECM structure of immature stroma might also be 

more favorable for tumor growth than ECM structure of mature stroma. 

6.4 KM-grade and ICS in gastric cancer 

Study IV was the second largest on ICS and the largest study on KM-grade in 

gastric cancer. Assessment of KM-grade was moderately reproducible, however, 

limited by a large number of borderline cases. Both ICS and KM-grade were 

independent prognostic factors in the study cohort. 

The largest study on ICS in gastric cancer was a Chinese study of four cohorts 

with 879 patients combined (Y. Jiang et al., 2018). Like study IV, they reported 

increased survival of patients with high immunoscore in all cohorts. Their ICS 

model was more complicated than that of study IV, as CD45RO and CD66b were 

utilized as markers in addition to CD3 and CD8 (K. J. Kim, Yang, Kim, & Kang, 

2017). CD3- and CD8-based immunoscore has also been associated with survival 

in a study of 153 microsatellite-unstable gastric cancer specimens. Two smaller 

previous studies have reported increased survival of gastric cancer patients with 

high KM-grade, but they did not provide multivariable analyses (B. Ahn et al., 2018; 

Zhou et al., 2017). 
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The prognostic value of both the ICS and the KM-grade is likely based on 

interactions between tumor and host immunity. CD3 is a marker for all T-cells, 

while CD8 is a specific marker of cytotoxic T-cells. Tumors with ICS have more 

infiltrating T-lymphocytes, which is why the immune system might be more 

capable of limiting their growth compared to low ICS tumor growth. 

KM-grade cannot distinguish between different types of lymphocytes, but it 

still seems to depict inflammation accurately enough to have good prognostic value. 

Based on our results and results of the previous studies, KM-grade might be as 

good at estimating prognosis as ICS systems. Due to the results in study IV and the 

number of immunohistochemical stainings required for ICS, KM-grade might be 

more feasible for routine prognostic assessment of gastric cancer after its value has 

been proved in validation studies 

6.5 Limitations and strengths of the studies 

Studies I–IV were all the largest that have been performed on TSR, tumor budding, 

stromal maturity or KM-grade in gastric cancer. They were based on the Oulu 

cohort, which consisted of 583 patients. In study IV, the Jyväskylä cohort of 158 

patients was additionally used. The study population might limit the applicability 

of the results, as patients of the Oulu cohort were genetically homogenous and 

treated in the same hospital. However, almost all of the patients who underwent 

surgery for gastric cancer in the hospital during study period were included, making 

selection bias minimal. The study period between 1983–2016 was also long and the 

treatment evolved during that time.  Year of surgery was therefore included in the 

analysis to limit confounding by the evolution of treatment. The cohort included 

also palliatively treated patients and patients who had had unradical resections of 

their tumors. Radicality of resection was included as a confounder as well. The 

cohorts included only a few patients who had received neoadjuvant chemotherapy, 

which might limit the applicability of the results to patients who receive 

neoadjuvant therapies. There was no loss to follow-up, as the data received from 

Statistics Finland has almost 100% coverage. 

All of the factors that were assessed from HE-stained slides were assessed by 

two researchers to estimate reproducibility of the assessment. For assessment of 

stromal maturity and KM-grade, only moderate interobserver agreement was 

achieved. That might limit the applicability of these factors in clinical use. 

Differences in hematoxylin-eosin stainings and slide thicknesses between 

institutions might limit applicability of our results to patients of other institutions 
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and reproducibility of assessment between institutions. The differences between 

hematoxylin-eosin staining intensities are most likely to affect assessment of 

stromal maturity, which is partially based on the typical staining color of myxoid 

stroma. However, this is less likely to limit our assessment method that was mainly 

based on typical collagen bundles of immature stroma. Differences between slide 

thicknesses are most likely to affect KM-grade and ICS, as there are more 

lymphocytes in thicker slides. The semiquantitative method of KM-grade is likely 

less affected than quantitative method of ICS. 

TMA-technique was used in study IV for the assessment of 

immunohistochemical stainings of lymphocytes. Assessment of TMA-samples 

might give different results compared to assessment of whole slides. Four tissue 

cores where taken from each tumor, which should limit possible sampling error 

(Ilyas et al., 2013). The reliability of TMA has previously been proven for a few 

different markers in different cancer types (Gancberg et al., 2002; Griffin, Robinson, 

& Trask, 2003; Rosen et al., 2004). 

The meta-analysis in study V included six of the seven studies focusing on TSR 

in gastric cancer. One study could not be included as it did not provide hazard ratios 

for TSR as categorical variables that were necessary for the meta-analysis (Wu et 

al., 2013). However, that study reported similar results as the six studies that were 

included. The six studies included a total 1779 patients from several different 

countries. The estimates received in the meta-analysis likely accurately depict 

prognostic value of TSR in gastric cancer. The biggest shortcoming of study V was 

that the studies did not include patients who had received neoadjuvant 

chemotherapy (except for the 22 patients in study I). Thus, the results might not be 

applicable for neoadjuvant-treated patients. 

6.6 Directions for future research and clinical relevance 

In studies I–V we have shown that there are several promising new factors with 

independent prognostic value that can be assessed from routinely stained slides. 

Similar results have been previously reported in other studies. Future research 

should focus on the clinical relevance of the new prognostic factors. The 

relationships between these factors should also be studied to see which ones would 

provide the most value in clinical use. 

To be clinically relevant, a prognostic factor should have independent 

prognostic value and be conveniently assessed with good reproducibility. In our 

studies, good reproducibility was achieved for assessment of TSR and tumor 
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budding. Stromal maturity and KM-grade were assessed with moderate 

reproducibility. All of the factors that we studied can be relatively easily assessed 

from routinely stained slides, so their adoption into routine pathology would really 

cause only minimal additional costs compared to biomarkers based on 

immunohistochemistry or molecular analyses. 

TSR is currently the best-studied of the four prognostic factors that we have 

assessed. There have been several independent studies which have proven its 

prognostic value and it can be assessed with good interobserver agreement. It can 

be applied to both intestinal and diffuse histologies of gastric cancer. The biggest 

problem for TSR is that its value has not been studied in patients treated with 

neoadjuvant therapies, which are known to cause fibrosis of the tumor tissue 

(Langer & Becker, 2018). Studies on TSR in neoadjuvant-treated patients are 

required before TSR can fully be applied to clinical use. The same is naturally true 

for the other three prognostic factors as well. For patients who did not receive 

neoadjuvant chemotherapy, TSR could already be included in the pathology reports, 

but more studies are needed before that information can be fully utilized. For 

example, further study should focus on whether patients with different TSR have 

different benefits from adjuvant chemotherapy. 

There have also been several studies on prognostic value of tumor budding in 

gastric cancer. Their problem is that relatively few patients with intestinal-type 

histology have been included to date. Assessment of tumor budding in diffuse-type 

cancers is difficult, as the tumors are uncohesive by definition and based on our 

results, assessment might not have prognostic value in diffuse-type cancers. Studies 

that include large numbers of patients with intestinal-type tumors are needed before 

tumor budding can be applied to clinical use. Future studies should also assess 

tumor budding from preoperative biopsy samples to see if assessment of tumor 

budding could be used for planning preoperative chemotherapy. 

Study III was the first study of stromal maturity in gastric cancer. Stromal 

maturity was independently associated with survival. More studies are needed to 

fully define the role of stromal maturity in gastric cancer. 

The prognostic value of KM-grade in gastric cancer has been noticed in two 

studies in addition to study IV. Based on our results, immunohistochemical 

stainings may not provide additional prognostic value compared to KM-grade. 

Future studies should focus on validating the prognostic value of KM-grade and 

improving reproducibility of its assessment. 
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7 Summary and conclusions 

In our studies, we showed several novel prognostic factors can be assessed from 

HE-stained slides that have independent prognostic value in gastric cancer: 

1. TSR can be assessed with good interobserver agreement. Low TSR is 

independently associated with poor survival in gastric cancer. 

2. Tumor budding can be assessed with interobserver agreement. High tumor 

budding is independently associated with poor survival in gastric cancer, but 

its relevance might be limited to the intestinal-type of gastric cancer. 

3. Stromal maturity can be assessed with moderate interobserver agreement. 

Immature stroma independently is associated with poor survival in gastric 

cancer. 

4. KM-grade can be assessed with moderate interobserver agreement. High KM-

grade is independently associated with increased survival in gastric cancer. 

Immune cell score does not seem to provide additional prognostic value 

compared to KM-grade. 
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