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Platelet-activating factor (PAF) receptor expression is associated with
histopathological stage and grade and patients’ survival in gastric
adenocarcinoma
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Platelet activating factor (PAF) has been considered as potent inflammatory lipid mediator that exerts its actions by bind-
ing to PAF receptor (PAFR). PAF/PAFR system has been implicated in several pathophysiological states, including tumor
progression, angiogenesis and metastasis. The present study aimed to evaluate the clinical significance of PAFR expression
in gastric adenocarcinoma. PAFR protein expression was assessed immunohistochemically on 54 gastric adenocarcinoma
tissue samples and was analyzed in relation with clinicopathological parameters, tumor proliferative capacity and patients’
survival. PAFR was abundantly expressed in all gastric adenocarcinoma cases examined. Increased PAFR expression was
significantly more frequently observed in well/moderately compared to poorly differentiated gastric adenocarcinoma cases
(p=0.011). PAFR expression was significantly increased in intestinal- compared to diffuse-type cases (p=0.020). Elevated
PAFR expression was significantly associated with smaller tumor size, absence of lymph node and organ metastasis and
low tumor histopathological stage (p=0.025, p<0.001, p=0.009 and p<0.001, respectively). Additionally, patients presenting
elevated PAFR expression had significantly longer survival times compared to those with low PAFR expression (log-rank
test, p<0.001). These results support an important potential role of PAFR signalling in gastric malignant disease progression

and render further research in this field a necessity.
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Platelet-activating factor (PAF) (1-O-alkyl-2-acetyl-sn-
glycero-3-phosphocholine) is a potent pro-inflammatory
lipid mediator, presenting a very broad spectrum of bio-
logical activities [1-3]. PAF is enzymatically synthesized
through two major routes, the so-called remodeling and de
novo pathways, by the contribution of an acetyltransferase
(PAF-AT) and is degraded by acetylhydrolases (PAF-AH)
into its biologically inactive form, lyso-PAF [4, 5]. PAF is
secreted by many different cell types, including endothelial,
stromal and inflammatory cells, as well as platelets and ke-
ratinocytes [4, 5]. Notably, it has also been described to be
produced by many different tumor cells [6-8]. PAF exerts
its functions by binding to a membrane-associated recep-
tor in responsive cells termed to as PAF receptor (PAFR)
[4, 5]. PAFR is a specific seven transmembrane-spanning
G-protein-coupled receptor expressed in several cell types,

such as endothelial and inflammatory cells, as well as in
tumor cells [5, 8]. The PAFR gene produces three different
mRNA species (transcript 1, transcript 2 and an elongated
form of the transcript 2); both transcripts ultimately yield
the functional PAFR [9]. PAFR can transduce pleiotropic
functions such as cell motility, smooth muscle contrac-
tion, synthesis and release of mediators and cytokines [5,
8]. Upon PAF/PAFR activation, the signal transducers and
activators of transcription (STAT) pathways are activated by
phosphorylation changes, dimerization, and translocated
into the nucleus to activate transcription of specific genes
in regulation of cellular functions [10, 11].

Gastric cancer is the second largest cause of cancer-related
death worldwide, presenting the higher incidence in Japan
and China, lower in Europe and the lowest in the USA [12,
13]. Studies on gastric cancer development suggest that ge-
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netic predisposition, infection, and diet are parts of a complex
interaction [13, 14]. Helicobacter pylori (HP) infection and
to a lesser extent smoking have been identified as the main
environmental risk factors for gastric cancer [13, 14]. Chronic
inflammation plays important roles in the development of
various cancers of the digestive tract, including HP-associated
gastric cancer [15]. Notably, several inflammatory mediators
have been associated with tumor progression, angiogenesis
and metastasis in gastric cancer [16, 17]. The molecular
mechanisms by which chronic inflammation is linked to tumor
progression include increased pro-inflammatory mediators’
production, such as cytokines, chemokines, reactive oxygen
intermediates, cyclo-oxygenase-2 (COX-2), 5-lipoxygenase,
(5-LOX), phospholipase-A2 (PL-A2), matrix metallopro-
teinases (MMPs), and lipid second messengers, which are
orchestrated by transcription factors, such as nuclear factor-xB
(NF-kB), STATS3, activator protein-1 (AP-1) and hypoxia-in-
ducible factor-1a (HIF-1a) [18].

Subsequent research has suggested that PAF/PAFR
pathway is implicated in a variety of inflammatory patho-
physiological situations, including allergic reaction,
cardiovascular and neuronal function, reproduction,
ischemia-reperfusion organ injury, sepsis and shock [3, 19-
21]. Notably, PAF by binding to PAFR has been considered to
activate several pathways which may result in the onset and
development of tumor induced angiogenesis and metastasis
[22, 23]. In vitro and animal studies suggest that PAF can
act on the growth of various human tumor cell lines, in-
creasing adhesiveness of tumor cells to vascular endothelia,
enhancing oncogene expression and contributing to tumor
development through enhancement of cell motility and
stimulation of angiogenic response [24-29]. PAF has been re-
ported to mediate the effects of vascular endothelial growth
factor (VEGF) and basic fibroblast growth factor (bFGF),
which play crucial roles during tumor angiogenesis process
[30, 31]. PAF has also been associated with early malignant
transformation in BRCA1-mutant epithelial ovarian cells
[32]. Moreover, melanocytic tumorigenesis was evident in
transgenic mice expressing high levels of PAFR [33]. Intra-
tumoral PAF production was shown to be ascribed to both
tumor cells and those of the microenvironment, including
infiltrating macrophages, supporting evidence that PAF may
be responsible for potentiating tumor growth, neoangiogen-
esis, and cell motility [25, 34]. In humans, the contribution
of PAF/PAFR pathway is mainly suspected in lung, breast,
ovarian, colorectal, hepatocellular and thyroid carcinoma,
as also in melanoma [29, 35-43]. Importantly, it has been
suggested that inhibiting PAF/PAFR pathway at the level of
a ligand or receptor may result in an effective inhibition of
experimental tumor growth and metastasis [22, 23].

In view of above considerations, the present study aimed to
assess immunohistochemically PAFR expression in 54 gastric
adenocarcinoma patients, in association with clinicopatho-
logical parameters, tumor proliferative capacity and patients’
survival.

Patients and methods

Patients. Fifty-four gastric tumor samples obtained from
an equal number of patients who underwent surgical resection
due to gastric cancer at the 2" Department of Propedeutic
Surgery, Medical School, University of Athens, were consecu-
tively included in this study. None of the patients had received
chemotherapy or radiation before surgery. Forty-three (79.6%)
of the patients were men and 11 (20.4%) were women. The
mean age of the patient cohort was 67.45+8.43 years (median:
67 years, range: 39-88 years). Tumors were typed according
to Lauren classification as intestinal in 25 (46.3%) and diffuse
in 29 (53.7%) gastric adenocarcinoma cases [44]. Three levels
of differentiation were used to classify grading as: well dif-
ferentiated in 1 (1.9%), moderately in 25 (46.3%) and poorly
differentiated in 28 (51.9%) patients. Tumors staging was
assessed using the 5™ edition of the Tumor, Node, Metastasis
(TNM) system according to the Union Internationale Contra
la Cancrum (UICC) and the American Joint Committee on
Cancer (AJCC) [45]. The resected tumors were staged as: T1
in 6 (11.1%); T2 in 16 (19.6%); T3 in 26 (48.1%) and T4 in
6 (11.1%) cases. Twenty (37.0%) patients were lymph node
negative (NO), and 34 (63.0%) lymph node positive; N1 in 32
(59.3%) and N2 in 2 (3.7%) cases. Seven (13.0%) patients pre-
sented organ metastasis. Patients were followed up for a time
interval between 1 to 148 months (52.01+44.70 months).
Thirty-seven (68.5%) patients were dead at the time of the
last follow up.

Immunohistochemistry. Immunostaining for PAFR was
performed on paraffin-embedded tissue sections using the
commercially available goat anti-human PAFR as primary an-
tibody (N-17, sc-8741, Santa Cruz Biotechnology, CA, USA).
In brief, formalin-fixed paraffin-embedded tissue sections of
4pm thickness were dewaxed in xylene and were brought to
water through graded alcohols. To remove the endogenous
peroxidase activity, sections were treated with freshly pre-
pared 0.3% hydrogen peroxide in methanol in the dark, for
30 min, at room temperature. Non-specific antibody binding
was then blocked using a specific blocking reagent for goat
primary antibodies (Eraser, Biocare Medical, Walnut, Creek,
CA, USA) for 8 min. The sections were incubated for 1 hour,
at room temperature, with the primary antibody diluted at
a concentration 1:100 in phosphate buffered saline (PBS).
After washing three times with PBS, sections were incubated
for 30 minutes at room temperature with biotinylated linking
reagent donkey, anti-goat immunoglobulins diluted 1:150 in
PBS (Santa Cruz Biochemicals, Santa Cruz, CA, USA), and
rinsed three times with PBS. The sections were then incubated
with peroxidase-conjugated streptavidin label (Dakopatts,
Glostrup, Denmark), for 20 minutes. The resultant immune
peroxidase activity was developed in 0.5% 3,3’-diaminoben-
zidine hydrochloride (DAB; Sigma, Saint Louis, MO, USA) in
PBS containing 0.03% hydrogen peroxide for 3 min. Sections
were counterstained with Harris” hematoxylin and mounted in
Entellan (Merck, Darmstadt, Germany). Appropriate negative
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Figure 1. Representative immunostainings for PAFR expression in tumor cells of gastric adenocarcinoma. Streptavidin-biotin-peroxidase, DAB chro-
mogen, Harris hematoxylin counterstain (original magnification X400). A. Intestinal-type B. Diffuse-type.

controls were performed by omitting the primary antibody
and/or substituting it with an irrelevant anti-serum. As positive
controls, paraffin-embedded colon cancer sections with known
increased PAFR immunoreactivity were used. The tumors’
proliferative capacity was assessed immunohistochemically,
using a mouse anti-human Ki-67 antigen; IgG, antibody
(clone MIB-1, Dakopatts), as previously described [46-48].

Evaluation of immunohistochemistry. Immunohisto-
chemical evaluation was performed by counting at least 1000
tumor cells in each case by two independent observers (S.T.
and N.G.) blinded to the clinical data, with complete observer
agreement. The immunoreactivity of the tumor cells for PAFR
was scored according to the percentage of PAFR positive tumor
cells as 0: negative staining- 0-4% of tumor cells positive; 1: 5-
24% of tumor cells positive; 2: 25-49% of tumor cells positive;
3: 50-74% of tumor cells positive; 4: 75-100% of tumor cells
positive and according to its intensity as 0: negative staining,
1: mild staining; 2: intermediate staining; 3: intense staining.
Finally, the expression of PAFR was classified as low; if the
total score was <5 and high; if the total score was >6. In this
way, we ensure that each group has a sufficient and more ho-
mogeneous number of cases in order to be comparable with
the other groups [46-48].

Statistical analysis. Chi-square test was used to assess the
associations of PAFR protein expression with clinicopatho-
logical variables. Survival curves were constructed using the
Kaplan-Meier method and the differences between the curves
were compared by the log rank test. A Cox proportional-haz-
ard regression model was developed to evaluate the association
between the potential prognostic marker and patients’ survival.
Cox regression analysis was conducted at both univariate and
multivariate levels. A p-value less than 0.05 was considered the
limit of statistical significance. SPSS for Windows Software was
used for all analyses (SPSS Inc., 2003, Chicago, USA).

Results

PAFR was abundantly expressed in gastric adenocarci-
noma cases examined, presenting mainly a cytoplasmic and

occasionally membraneous pattern of staining (Figure 1). All
cases were found positive for PAFR, while the mean percent-
age PAFR expression value was 52.6%. The intensity of PAFR

Table 1. Associations of PAFR expression with clinicopathological variables
in 54 patients with gastric adenocarcinoma

Clinicopathological PAFR expression

variables Low (%) High (%) p-value
Patients (n=54) 22 (40.7) 32 (59.3)

Age 0.651
<67.45 yrs 11 (20.4) 18 (33.3)

>67.45 11 (20.4) 14 (25.9)

Gender 0.721
Men 17 (31.5) 26 (48.1)

‘Women 5(9.3) 6(11.1)
Histopathological type 0.020
Intestinal 6(11.1) 19 (35.2)

Diftuse 16 (29.6) 13 (24.1)
Histopathological grade 0.011
Well + Moderately 6(11.1) 20 (37.0)
differentiated

Poorly differentiated 16 (29.6) 12 (22.2)

pT classification 0.025
T1-2 5(9.3) 17 (31.5)

T3-4 17 (31.5) 15 (27.8)

PN classification <0.001
NO 2(3.7) 18 (33.3)

N1-2 20 (37.0) 14 (25.9)

PM classification 0.009
MO 16 (29.6) 31(57.4)

M1 6(11.1) 1(1.9)

pStage <0.001
I-1I 4(7.4) 24 (44.4)

-1V 18 (33.3) 8 (14.8)

Ki-67 protein statement 0.918
Below mean value 10 (18.5) 15 (27.8)

Over mean value 12 (22.2) 17 (31.5)
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Figure 2. Kaplan-Meier survival analysis stratified according to PAFR expression in A. All gastric cancer cases, B. Diffuse-type gastric cancer cases and C.

Intestinal-type gastric cancer cases

immunostaining was classified as mild in 15 (27.8%), moder-
ate in 25 (46.3%) and intense in 14 (25.9%) out of 54 gastric
adenocarcinoma cases. By applying the immunohistochemi-
cal score, 22 (40.7%) cases were found to present low PAFR
expression and the remaining 32 (59.3%) out of 54 gastric
adenocarcinoma cases showed high PAFR expression. All the
gastritis cases (n=6) showed low PAFR expression.

In cross-tables, PAFR expression was associated with tumor
histopathological type as intestinal-type gastric adenocar-
cinoma cases showed a significantly increased incidence of
high PAFR expression compared to diffuse-type ones (Table
1, p=0.020). High PAFR expression was significantly more
frequently observed in well/moderately differentiated com-
pared to poorly differentiated gastric adenocarcinoma cases
(Table 1, p=0.011). High PAFR expression was significantly
associated with smaller tumor size, absence of lymph node
and organ metastasis and low tumor histopathological stage
(Table 1, p=0.025, p<0.001, p=0.009 and p<0.001, respectively).
PAFR expression did not show any association with patients’
age and gender and tumor proliferative capacity assessed by
Ki-67 protein statement (Table 1, >0.05).

Kaplan-Meier survival analysis was performed to assess
the strength of the association of each clinicopathological
parameter and PAFR expression (low vs high) with overall
patients’ survival. Patients’ age, histopathological type, grade
and stage, tumor size, lymph node and organ metastases and
PAFR expression were identified as significant prognostic
factors of patients’ survival (Table 2, p=0.025, p=0.002,
p<0.001, p<0.001, p=0.023, p=0.007, p=0.009 and p<0.001,
respectively). Kaplan-Meier survival curves indicated that
patients with high PAFR expressing tumors had significantly
longer survival times compared to patients with low PAFR
expression (Figure2A, log-rank test, p<0.001). The mean
survival time in patients presenting high PAFR expression
was 84.30 months (95% CI: 63.94-104.66 months), whereas
in those presenting low PAFR expression was 31.89 months
(95%: 15.14-48.63 months). In multivariate analysis, patients’
age and tumor histopathological grade, but not PAFR expres-
sion, tumor histopathlogical type and stage, were identified as
independent prognostic factors of patients’ survival (Table 3,
Cox regression analysis, p=0.008, p=0.003, p=0.065, p=0.820
and p=0.223, respectively).
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Table 2. Kaplan-Meier survival analysis of PAFR expression and clinicopathological variabes

Clinicopathological Cases Events Mean Survival Standard Error P, log-rank test
Variables (months)
Age (years) <67.45 29 17 80.12 11.13 0.025
>67.45 25 20 44.29 10.22
Gender Male 43 28 68.18 9.30 0.380
Female 11 9 41.18 11.52
Histopathological type Intestinal 25 14 89.19 10.87 0.002
Diffuse 29 23 36.67 8.14
Histopathological grade ~ Well+Moderately 26 12 100.52 10.45 <0.001
Poorly 28 25 26.33 5.99
pT classification T1-2 22 12 85.93 12.36 0.023
T3-4 32 25 47.42 9.45
PN classification NO 20 10 93.77 13.06 0.007
N1-2 34 27 43.02 7.74
PM classification MO 47 31 69.16 8.65 0.009
M1 7 6 19.42 9.23
pStage I+II 28 15 89.04 10.49 <0.001
II+1vV 26 22 34.73 9.34
PAFR expression Low 22 19 31.89 8.54 <0.001
High 32 18 84.30 10.38

Statistical analysis was further performed in each gastric
adenocarcinoma histopathological type, separately. In dif-
fuse-type gastric adenocarcinoma, PAFR expression was
significantly associated with histopathological stage (p=0.017)
and borderline with lymph node metastases (p=0.051).
Kaplan-Meier survival curves indicated that diffuse-type
gastric adenocarcinoma patients with high PAFR expression
presented significantly longer survival times compared to
those with low PAFR expression (Figure 2B, log-rank test, p =
0.019), whereas PAFR expression did not remain significant
in multivariate analysis (Cox regression analysis, p=0.405). In
intestinal-type gastric adenocarcinoma, PAFR expression was
significantly associated with histopathological stage (p=0.005)
and lymph node metastases (p=0.007) and borderline with
organ metastases (p=0.069). Intestinal-type gastric adeno-
carcinoma patients presenting high PAFR expression showed
longer survival times compared to those with low PAFR ex-
pression at a no significant level though (Figure 2C, log-rank
test, p = 0.268).

Discussion

PAF/PAFR pathway has been implicated in several
pathophysiological situations, including tumor progression,
angiogenesis and metastasis. However, most of the existing
data so far has been derived from in vitro studies and animal
models, whereas only a few clinical studies had focussed on
the assessment of PAFR expression levels in human malig-
nancies [29, 35-43]. Moreover, there is neither experimental
nor clinical evidence so far concerning the implication of
PAF/PAFR pathway in the development and progression of
gastric neoplasia.

Table 3: Multivariate survival analysis for patients’ age, histopathological
grade, stage and type and PAFR expression

Clinicopathological HR (95% CI) p-value
Variables

Age 0.385 (0.190-0.778) 0.008
(< 67.45/ > 67.45 yrs)

Histopathological type 0.906 (0.389-2.114) 0.820
(Intestinal / Diffuse)

Histopathological grade 0.222 (0.083-0.591) 0.003
(Well+Moderately / Poorly)

pStage 0.601 (0.265-1.362) 0.223
(I+11/ TII+1V)

PAFR expression 2.131 (0.954-4.762) 0.065
(Low / High)

HR: Hazard Ratio; CI: Confidence Intervals

In this aspect, the present study supported, for the first time,
evidence that PAFR may participate in gastric cancer progres-
sion. In fact, we found that PAFR was abundantly expressed in
all gastric adenocarcinoma cases examined. Moreover, elevated
PAFR expression was significantly associated with higher tu-
mor differentiation and decreased disease stage, smaller tumor
size, absence of lymph node and organ distance metastases and
longer patients’ survival times. Additionally, in intestinal-type
gastric adenocarcinoma cases significantly increased PAFR
expression compared to diffuse-type ones was noted. Weak
PAFR expression was also noted in epithelial cells in 6 cases
of gastritis [Giaginis et al, unpublished data]. In accordance
with our findings, an immunohistochemical study conducted
on 60 hepatocellular carcinoma patients revealed significant
association between low PAFR expression and poor tumor
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differentiation, portal vein invasion and poor patients’ post-
hepatectomy survival [41]. Moreover, this study indicated that
multiple recurrences and distant metastases were more often
observed in patients presenting low compared to those with
high PAFR expression [41]. Another immunohistochemical
study revealed that PAFR expression was significantly increased
in ovarian cancer patients compared to benign ovarian tissue
specimens, being varied across different histological subtypes
of the ovarian cancer [40]. In fact, enhanced PAFR expression
was significantly more frequently observed in clear cell, serous
invasive and endometrioid types compared to mucinous and
benign ovarian tumors [40]. Furthermore, that study sup-
ported evidence that PAF/PAFR may play a significant role in
ovarian cancer progression and invasion through activation
of EGFR/Src/FAK/Paxillin pathway [40].

Apart from the gradually increasing research in several hu-
man malignancies, there are only a few clinical studies so far
investigating PAF/PAFR pathway in tumor development and
progression. These clinical studies have suggested that PAFR
transcripts levels were unaltered in colorectal, lung and thyroid
carcinoma [36-38], whereas PAFR transcript-2 (tissue-type)
levels were increased in liver metastasis of colorectal cancer
[49]. Moreover, both PAFR transcript-1 (leukocyte-type)
and -2 (tissue-type) levels were found to be elevated in hepa-
tocellular carcinoma compared to non-tumor tissues [42].
PAFR transcripts were also detected in human meningiomas;
however, their levels were not correlated with tumor grade,
mitotic index, presence of necrosis, as well as intensity of
the neovascularization and chronic inflammatory response
[50]. PAF-R transcripts, PAF, the lyso-PAF precursor and the
enzymatic activities implicated in lyso-PAF formation (i.e.
phospholipase A2-PLA2) and PAF degradation (PAF-AHA)
were also detected in the human thyroid gland [38]. However,
their levels were similar in normal thyroid tissue and in hy-
perplastic goitre, benign adenoma and papillary carcinoma.
Additionally, in thyroid malignancy, non associations with
patients’ TNM status and histological subtype of papillary
thyroid carcinoma were noted [38].

Furthermore, plasma PAF-PLA2 and -AHA were signifi-
cantly increased in colorectal cancer patients compared to
healthy controls [37]. Notably, tissue concentrations of PLA2,
lyso-PAF, PAF and AHA were inversely correlated with Dukes’
stage in colorectal carcinoma patients [37]. Montrucchio et
al. also reported that PAF levels in the lipid extracts of breast
carcinoma patients were significantly increased compared
to healthy controls [29]. The increased PAF levels in breast
tumors were associated with high microvessel density, sup-
porting evidence for a potential participation of PAF in the
breast cancer neovascularization process [29]. Nigman et al.
further indicated that plasma PAF levels were significantly
increased in malignant compared to benign breast tumors
and normal tissue [51]. In another study, PAF was detected in
almost all human breast carcinoma cases examined, whereas it
was undetectable in most of the matched, nontumoral breast
tissue samples [39]. Notably, intratumor PAF levels were el-

evated when axillary lymph node involvement was low, while
increased axillary extension (two or more positive lymph
nodes) was associated with a decreased intratumor PAF level
[39]. On the other hand, no significant differences between
blood PAF amounts of lung cancer patients and a control
group of patients with chronic obstructive pulmonary disease
induced by habitual smoking were reported [36]. Moreover,
serum PAF-AHA levels were not different between lung
cancer patients and control group, whereas PAF levels were
markedly reduced in the lung tumor tissues as compared to
the non-tumor tissues [36]. In this aspect, it should be noted,
that the existing limitations on the assessment of PAF activity
may render the current data not adequate in order for precise
conclusions to be drawn.

Recent data has also suggested that inhibiting PAF/PAFR
pathway at the level of a ligand or receptor may result in an
effective inhibition of experimental tumor growth and metas-
tasis [22, 23]. Importantly, specific PAFR antagonists have been
considered to exert a potential effect in blocking protective
tumor responses and potentiating chemotherapy [52, 53]. In
this aspect, recent experiments have shown an important role
of PAF in chemotherapy, demonstrating that PAFR activation
can augment cytokine production induced by chemotherapy
through a NF-xB dependent mechanism [54]. PAFR activa-
tion was also reported to induce upregulation of antiapoptotic
gene products, such as Bcl-2, thus attenuating the cytotoxic
effect of chemotherapeutic agents [55]. Animals co-treated
with cisplatin and the PAFR antagonist, WEB2086, presented
significantly decreased tumor growth compared to the con-
trol group and those treated with only one agent, supporting
evidence that PAFR accumulation and signalling may be part
of a prosurvival program of melanoma cells [43]. In Ehrlich
Ascitis Tumor (EAT) and B16F10 melanoma, PAFR-dependent
pathways were activated during experimental tumor growth,
modifying the microenvironment and the phenotype of the
tumor macrophages, supporting evidence that combination
therapy with a PAFR antagonist and a chemotherapeutic drug
may represent a new and promising strategy for the treatment
of some tumors [56].

Conclusions

The present study supported for the first time clinical evi-
dence that PAFR was abundantly expressed in human gastric
adenocarcinoma. PAFR expression was associated with clin-
icopathological parameters crucial for patients’ management
and prognosis. Of even more clinical significance are the data
supporting the potential role of PAFR in the pathophysiologi-
cal aspects of the disease that affect patients” survival. These
findings suggest an important potential role of PAFR in the
biological mechanisms underlying the carcinogenic evolu-
tion of gastric adenocarcinoma. Further research conducted
on larger cohorts and focused on each histopathological type
separately that additionally concern more sensitive techniques
is strongly recommended.
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