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Abstract

Background Several histochemical studies suggest a role

of tumor cell phenotype and related differentiation markers

in the prognostic assessment of gastric cancer. Unfortu-

nately, most studies have dealt with single or a few markers

and have paid limited attention to their interplay with

tumor histological types, which are potentially informative

of prognosis.

Methods In this study, 292 invasive (T1b to T4) gastric

cancers with prolonged follow-up and carefully analyzed

histotype, inclusive of histotype-based grade, were inves-

tigated histochemically with a panel of 14 phenotypic

markers known to be expressed in normal gut tissues and

gastric cancer.

Results Three of seven intestinal type markers investi-

gated showed a trend for improved prognosis, one of

which, CDX2, was stage independent. Three among gastric

and pancreatobiliary duct markers (MUC1, MUC6, and

pepsinogen II), predicted more severe prognosis stage

independently, as did a combination of eight potentially

informative (p \ 0.1 at univariable Cox analysis) markers.

Cancers with predominantly intestinal phenotype had sig-

nificantly better prognosis than those with predominantly

gastric, mixed, or poorly defined phenotypes; among the

latter, those with high lymphocyte response, with favorable

outcome, were separated from anaplastic cancers, with

ominous prognosis. At multivariable analysis, CDX2 and

the eight marker combination proved to be stage- and

grade-independent predictors.

Conclusions When individually considered, and with the

exception of CDX2, the biomarkers investigated gave an

appreciable, although moderate, contribution to the prog-

nostic evaluation of gastric cancer. Combined analysis of

all potentially informative markers gave more important

information, highly additive to both stage and histotype-

based grade.

Keywords Tumor cell phenotype � Phenotypic markers �
Histotype � Prognosis � Gastric cancer

Introduction

Tumor cell phenotype, which has proven to be predictive

of natural history and prognosis in various neoplasms, can

be expected to contribute substantially to the diagnosis of

gastric cancer, which is known to encompass a variety of

histological patterns often difficult to evaluate. Histo-

chemical and ultrastructural studies have documented the

plurality of tumor cell phenotypes occurring in gastric

cancer, ranging from gastric foveolar-superficial and mu-

copeptic (pyloric gland or mucous-neck) cells to intestinal

goblet cells or absorptive columnar enterocytes, in addition

to infrequently reported gastric parietal or chief cells,
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intestinal Paneth cells and various kinds of metaplastic

hepatopancreatic or endocrine components [1–3].

Among the phenotype-associated markers more exten-

sively investigated we find secretory products such as mucins

(including gastric foveolar cell mucin HGM or MUC5AC,

mucopeptic cell MUC6, goblet cell MUC2 and CAR5, gas-

tric and pancreatobiliary duct marker MUC1 [2, 4–8]), or

enzymes (such as pepsinogen II for mucopeptic cells, lyso-

zyme for intestinal Paneth cells, cathepsin E for foveolar

cells, and neutral carboxypeptidase CD10 for absorptive

enterocytes [4, 9, 10]). The transcription factor CDX2,

cadherin 17 (CDH17) and cytokeratin 20, as intestinal phe-

notype markers, and cytokeratin 7, as a pancreatobiliary duct

marker, have also been widely tested [11–13].

Investigation of phenotypic markers, mostly restricted to

individual or to a limited panel of markers, has given

interesting histogenetic, diagnostic, and, to some extent,

prognostic information, although sometimes with contra-

dictory findings. This evaluation has, however, also high-

lighted the modest phenotypic background of commonly

used histological classifications. In particular, in Laurén’s

classification [14] the so-called intestinal histotype often

failed to show a truly intestinal phenotype [1, 2, 6] or gene

expression profile [15, 16]. Of interest, separation of

intestinal from gastric, mixed, or undetermined (unclassi-

fied or null) phenotype may provide useful, stage-inde-

pendent prognostic information [3, 7, 9, 11, 13, 17, 18].

In parallel investigations, several histological types and

subtypes of prognostic value have been identified [19–23] that

showed correlation with number and severity of genomic

alterations [24] and permitted the development of a simple

grading system, predictive of patient survival [25]. The system

proved highly effective for a substantial proportion (about

30 %) of tumors fitting in the low- or high-grade groups,

although leaving the intermediate-grade group largely

unpredictable [26]. The precise relationship of such histotype-

based grading with cell phenotype remains to be ascertained.

In the present study we simultaneously applied a wide

panel of phenotype-linked cellular markers, inclusive of

most among those found to be predictive in separate indi-

vidual studies, to a large series of gastric cancers, to search

for any relationship between individual markers, combi-

nations of markers, or tumor cell phenotype with histo-

types, and clinicopathological parameters predictive of

tumor behavior and actual patient survival.

Materials and methods

Case series

Among invasive (T1b to T4) gastric cancers resected at the

San Matteo Hospital in Pavia or at the San Martino

University Hospital in Genoa between 1984 and 2000, 292

cases with extensive tumor sampling and carefully assessed

TNM stage were selected [26]. Their histopathological and

clinicopathological patterns have already been described

[25]; 2 of the original 294 cases had to be excluded because

there was no remaining tumor tissue in the paraffin block.

No antiblastic therapy had been administered. Nineteen

cases died perioperatively (within 1 month from surgery);

by the end of December 2009, patients had either died of

the disease (166) or other causes (51) or were alive (56)

after being followed for at least 9 years. A median follow-

up of 13 years (25th–75th = 7–18) was calculated.

New serial sections were taken from representative

paraffin blocks of each tumor and stained with hematoxylin

and eosin and Alcian blue–periodic acid-Schiff (PAS) or

with immunoperoxidase [25] using specific antibodies

directed against 14 different markers that are potentially

informative of tumor cell phenotype, including MUC2

(Ccp58; Santa Cruz Biotechnology, Santa Cruz, CA, USA),

MUC5AC (CLH2; Novocastra, UK), Bara’s M1 antibodies

[4, 5], MUC6 (CLH5; Novocastra), MUC1 (VU4H5; Santa

Cruz Biotechnology), cytokeratin 7 (OV-TL12/30; DAKO,

Denmark), cytokeratin 20 (K20.8; DAKO), CDX2

(EPR2764Y; Cell Marque, Rocklin, CA, USA), CDH17

(3H2; Abnova, Taiwan), CD10 (56C6; Novocastra),

cathepsin E (C-20; Santa Cruz), lysozyme (A 099; DAKO),

LGALS4 (1E8; Sigma Aldrich, St. Louis, MO, USA),

pepsinogen II [9], and CAR5 [6]. Because of progressive

exhaustion of tumor tissue in some blocks and other

technical problems, the number of cases in which the

expression of individual markers was successfully assessed

ranged from a minimum of 246 to a maximum of 289.

The evaluation of each marker was essentially based on

the proportion (%) of tumor cells showing positive stain-

ing, irrespective of its intensity and intracellular distribu-

tion, be it cytoplasmic, membranous, or nuclear (except for

the exclusively nuclear localization of the transcription

factor CDX2). Separate evaluation of membrane staining

only was added in the case of CDH17, whereas for

LGALS4 (Galectin 4) separate nuclear staining evaluation

was added and compared with the M30 antibody test (M30

clone; Roche Diagnostics, Basel, Switzerland) for apopto-

sis. For both CDH17 and LGALS4, an evaluation based on

intensity staining score (0–3) was also tested. Each slide

was evaluated independently by at least two pathologists,

followed by joint revision of discrepant cases until con-

sensus was reached. For most markers, a 10–20 %

expression cutoff was chosen, depending on their median

expression value, so as to obtain balanced positive and

negative groups, as far as possible.

To investigate the relationship between tumor pheno-

type and histotype, gastric cancers were first classified into

five main types, including cohesive (differentiated or
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glandular and solid), diffuse and mucinous cancers

according to commonly used histological criteria [14, 27,

28], to which lymphocyte-rich tumors with predominance

of CD8 (C8/144b clone, DAKO) reactive cells [26], and

the anaplastic cancers [23, 25, 26, 28, 29] were added.

Alternatively, nine prognostically informative subtypes of

more recent characterization were considered, such as

muconodular (mucinous cancer with expansile growth)

[22], well-differentiated tubular [21, 25] and diffuse cancer

with entrapping desmoplasia [23], which, together with the

high CD8-positive lymphocyte response (HLR) cancer [19,

20, 26], formed the low grade (grade 1) group. Ordinary

cohesive, diffuse, and mucinous cancers formed the inter-

mediate grade (grade 2) group, and highly invasive

mucinous and anaplastic cancers [23, 26] formed the high

grade (grade 3) group in a system shown to provide stage-

independent prognostic information [25, 26].

Statistical analysis

Data distribution was expressed as counts and percent for

categorical variables and was compared by means of the

Fisher exact test. The Spearman rho correlation coefficient

was used to measure the association of variables on a

continuous scale. Follow-up extended from the date of

surgery to the date of death from gastric cancer or to the

last available assessment. Patients dying of other causes

were censored at the date of their death. Median follow-up

and its interquartile range (25th–75th) was computed by

means of the inverse Kaplan–Meier method. Cox regres-

sion was used to assess the prognostic role of a series of

biomarkers. Univariable, bivariable (with stage), and

multivariable models were fitted. Clinically relevant vari-

ables were included in the multivariable model in addition

to stage, provided they were not collinear. Hazard ratios

(HR) and their 95 % confidence intervals (95 % CI) were

computed. The proportional hazard assumption was tested,

based on Schoenfeld residuals. Death rates per 100 person-

years (95 % CI) were also computed as summary mea-

sures. For assessing model performance, we also calculated

the Royston explained variation and Harrell’s C statistic for

discrimination. Finally, for each patient, a ‘‘biomarker

burden’’ was computed as a linear combination of all the

biomarkers (dichotomized as in supplementary Table 2)

with p \ 0.1 at univariable survival analysis; each marker

was weighted by the beta coefficient derived from a uni-

variable Cox model to account for its contribution to the

outcome. The tertiles of the distribution of computed bio-

marker burdens were included in a bivariable analysis

together with stage and in a multivariable analysis also

inclusive of histotype-based grade. The linearity of risk

across tertiles of biomarker burden was tested with a

likelihood ratio test. All tests were two sided. Stata 12

(StataCorp, College Station, TX, USA) was used for

computation.

Results

Prognostic value of individual or combined markers

The phenotypic profile of the 14 markers used was checked

first on normal gastrointestinal mucosa and pancreatobil-

iary ducts as outlined in supplementary Table 1. Notably,

cathepsin E and lysozyme tended to expand their reactivity

to cells normally unreactive (e.g., goblet and mucopeptic

cells), when involved in inflammatory processes (inducible

markers).

Based on the foregoing findings, the markers were

phenotypically categorized as intestinal, gastric, pancre-

atobiliary, or inducible. As reported in Table 1, at uni-

variable survival analysis all intestinal-type markers, with

the exception of CD10, showed a trend for favorable

prognostic influence; however, only CDX2 survived stage-

inclusive bivariable analysis. On the other hand, the gastric

mucopeptic cell markers PGII and MUC6 as well as the

broader gastric and pancreatobiliary marker MUC1 showed

a negative prognostic influence, which was retained, even

if weakened, at stage-inclusive bivariable analysis

(Table 1). None of the remaining markers showed signifi-

cant prognostic influence. In the case of CDH17 and

LGALS4, no significant survival difference was observed

when the intensity score of reactivity rather than the pro-

portion of reactive cells, or the membranous rather than

cytoplasmic, nuclear, or total reactivity were considered.

Nuclear LGALS4 was prominent in some goblet cells

floating in mucin lakes; up to 30 % of such cells proved

reactive for the apoptosis marker M30 (Fig. 1).

In an alternative analysis based on the combined effect

of the eight markers with p \ 0.1 at univariable analysis

(see Table 1), the ‘‘biomarker burden’’ was calculated as

reported in supplementary Table 2. It appeared to be an

independent predictor of risk in a bivariable analysis

inclusive of stage (stage-adjusted HR: 1.53, 95 % CI

1.24–1.89, p \ 0.001). Moreover, a linear increase in risk

over tertiles was shown (stage-adjusted HR: 1.64, 95 %CI

1.30–2.07, p \ 0.001) with both a high Harrell’s C statistic

of 0.78 and Royston explained variation of 0.54; pertinent

Kaplan–Meier curves are shown in Fig. 2.

Cancer phenotypes and their prognostic value

An association was found in tumors between markers

normally expressed by the same cell type (e.g., between

MUC6 and PGII, both from mucopeptic cells: Spearman’s

rho 0.36, p \ 0.001) and between markers of different cells
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from the same tissue (e.g., MUC5 and MUC6, from gastric

foveolar or mucopeptic cells, respectively: rho 0.34,

p \ 0.001). In general, intestinal markers showed a trend

for positive association with each other and for an inverse

association with gastric, pancreatobiliary or inducible

markers (Table 1). It should be noted that, in the investi-

gated cancers, lysozyme, despite its normal expression by

intestinal Paneth cells, was positively associated with

gastric and negatively associated with intestinal markers, a

behavior likely reflecting its usual expression in normal

and inflammation-associated gastric mucous-neck cells.

In Table 2, tumors have been grouped according to the

tissue phenotype suggested by the differentiation markers

they expressed, so as to obtain a predominantly intestinal

(50 % or more tumor cells reactive for MUC2, CAR5,

CDH17, and/or CD10, with \25 % cells reactive for

MUC5, MUC6, MUC1, and/or PGII), predominantly

gastric ([50 % cells reactive for MUC5, MUC6, MUC1,

and/or PGII with \25 % reacting for MUC2, CAR5,

CDH17, and/or CD10), mixed (C25 % reactivity for both

gastric and intestinal markers), or poor (\25 % tumor

cells reactive for both gastric and intestinal markers)

phenotype. Prognostic analysis of the four tumor groups

showed a more favorable behavior of the intestinal

compared to the remaining phenotypes. Of interest, two

distinct histotypes, the anaplastic and HLR, with very

different prognosis, accounted for most (31/34) of the

poorly reactive phenotype group, with its anaplastic sub-

set showing significantly worse prognosis than all

remaining tumors and its HLR subset significantly better

prognosis than all other tumors apart from those showing

an intestinal phenotype.

Based on the results outlined in Table 1, CDX2 was

chosen as a prototype intestinal marker with stage-inde-

pendent favorable prognostic influence and MUC1 as a

gastric (and pancreatobiliary) marker with unfavorable

influence. Their combined analysis in 255 cases (Table 3)

showed a clearly improved prognosis for tumors with an

excess of CDX2 over MUC1 (group a), compared either to

those with a predominance of MUC1 (group d) or to those

with poor expression of both markers (group c).

Distribution of markers among histological types,

subtypes, and grades

In general, no specific association of a tumor phenotype

with a distinctive histological structure was observed,

although a trend for predominance of cohesive (mostly

glandular) forms among intestinal phenotype and of dif-

fuse or mixed forms among gastric phenotype cancers

was noted. Most markers showed unequal distribution

among the five main histotypes considered (Table 4A).

Table 1 Survival analysis of gastric cancer patients as a function of tumor marker expression

Marker Association with

CDX2, rhoa
Expression

cutoff (%)

Cases

positive/total (%)

HR 95 % CI p value

Univariable With stage

Intestinal

CDX2 1.00 [20 152/257 (59) 0.53 0.39–0.73 \0.001 0.001

Cytokeratin 20 0.39 C10 71/262 (27) 0.72 0.49–1.05 0.091 0.173

MUC2 0.43 [10 120/282 (43) 0.71 0.51–0.98 0.037 0.446

CAR5 0.32 [10 146/289 (51) 0.71 0.54–1.01 0.054 0.093

CDH17 0.46 [10 128/250 (51) 0.80 0.58–1.11 0.177 0.574

LGALS4 0.30 [30 123/246 (50) 0.67 0.49–0.93 0.017 0.284

CD10 0.26 C10 60/254 (24) 0.87 0.60–1.28 0.486 0.688

Gastric

MUC5AC -0.11 [10 133/288 (46) 0.94 0.69–1.27 0.676 0.742

MUC6 -0.11 C10 62/249 (25) 1.49 1.04–2.14 0.029 0.043

PGII -0.12 C10 82/289 (28) 1.52 1.10–2.09 0.011 0.078*

MUC1 -0.36 [20 121/282 (61) 1.61 1.16–2.24 0.004 0.033

Pancreatobiliary

Cytokeratin 7 -0.13 [20 115/258 (45) 1.29 0.94–1.79 0.117 0.229

Inducible

Cathepsin E -0.29 [20 164/278 (59) 0.97 0.70–1.33 0.833 0.148

Lysozyme -0.28 [10 125/264 (48) 0.88 0.64–1.21 0.420 0.916

* p = 0.037 with C5 % cutoff
a Spearman’s rho of marker association with CDX2, taken as reference
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Differences of interest were (1) the high reactivity, as

expected, of mucinous cancers for MUC2 and MUC5AC,

although not for MUC6 and MUC1 or for enzymes such as

lysozyme, cathepsin E, and pepsinogen II; (2) the relatively

poor reactivity of anaplastic cancers, both neuroendocrine

and non-neuroendocrine, for all markers except MUC1

Fig. 1 Immunoperoxidase stained sections of gastric cancers:

a CDX2-reactive well-differentiated tubular cancer (grade 1) invad-

ing the submucosa from its intramucosal (upper right) site of origin.

b Intense cathepsin E reactive epithelial tumor nests in an EBV

positive lymphocyte-rich HLR cancer (grade 1). c CDH17 positive

papillary cancer (ordinary cohesive, grade 2) of intestinal phenotype

(also reactive for CDX2, LGALS4, and MUC2), somewhat mimick-

ing small intestine villi. In the inset c, the columnar epithelium

bordering the lumen is enlarged to show membranous staining. d PGII

reactive ordinary diffuse cancer (grade 2) of gastric phenotype (also

stained with MUC6). e CAR5 reactive, intestinal phenotype spindle

cells of a diffuse desmoplastic, grade 1 cancer embedded in fibroblast-

rich stroma. f LGALS4 positivity (mostly nuclear) in a grade 1

muconodular cancer of intestinal goblet cell phenotype, also reactive

for CDX2, MUC2 and CD10. Note, in inset, M30 immunoreactivity

of some cells in a consecutive section. g MUC1-positive, large cell,

non-neuroendocrine anaplastic cancer (grade 3). a, 9100; c 9100

(inset 9400); b 9200; d 9400; e 9100; f 9140 (inset 9400); g 9400
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and, to some extent, CK7; and (3) the generally moderate

reactivity of HLR cases with MUC1 and cathepsin E

(Fig. 1).

No marker proved diagnostic for any of the nine prog-

nostic subtypes detailed in ‘‘Materials and methods.’’

However, (1) the muconodular cancer was extensively

reactive for intestinal mucins and CDX2, but not for

MUC1, MUC6, PGII, or cathepsin E, (2) the low-grade

variant of diffuse desmoplastic cancer was better depicted

by CAR5 and LGALS4, and (3) the well-differentiated

tubular cancer by CDH17 (Fig. 1).

No marker proved distinctive of histotype-based grade,

although for some markers the expression differences

found among the three grades were significant per se

(Table 4B). The relatively high expression of CDX2

among grade 1 tumors may fit with the favorable prog-

nostic influence of such marker, whereas their high

expression of cathepsin E and MUC1, per se of no or

unfavorable prognostic influence, was mainly caused by

HLR tumors, showing relatively good survival irrespective

of their marker reactivity. Indeed, a total of 45 HLR cases

showed clearly better survival at both univariable (HR

0.29, 0.16–0.51, p \ 0.001) and stage-adjusted (HR 0.45,

0.25–0.82, p = 0.009) analysis, compared to the remaining

247 cases.

Prognosis-predictive markers in node-negative

and stage I cancers

A systematic analysis of the markers expressed in node-

negative neoplasms, showed CDX2 (48/79 positive cases) to

be an effective predictor of favorable outcome at both uni-

variable (HR 0.27, 0.11–0.65, v2 = 8.86, p = 0.003) and

stage-inclusive bivariable Cox analysis (HR 0.36, 0.14–0.94,

v2 = 4.32, p = 0.036), whereas PGII (25/93 positive cases)

was shown to predict worse survival at both univariable (HR

0.00

0.25

0.50

0.75

1.00

65 28 14 9 7 7 6 4 2 2 1 1 0T3
68 36 26 18 17 13 11 7 3 2 0 0 0T2
67 45 40 34 28 27 20 15 10 3 2 2 2T1

Number at risk

0 24 48 72 96 120 144 168 192 216 240 264 288

months

T1 T2 T3

Fig. 2 Kaplan–Meier survival estimate, by tertiles of biomarker

burden

Table 2 Survival analysis as a function of cancer tissue and cell phenotype

Cancer phenotype Number

of cases

Death rate, 95 % CI HR Cox survival analysis

95 % CI p value

Univariable With stage

Intestinal 79 6.46, 4.84–8.62 1

Gastric 57 12.17, 9.02–16.30 1.63 1.07–2.47 0.022 0.012

Mixed 75 12.93, 9.85–16.97 1.60 1.28–2.38 0.020 \0.001

Poor 34 18.02, 12.18–26.67 3.34 1.41–3.75 \0.001 0.003

HLR 16 5.36, 2.56–11.25 0.75 0.32–1.76 0.515 0.631

Anaplastic 15 102.97, 60.98–173.86 7.39 3.60–15.15 \0.001 \0.001

HLR high CD8-positive lymphocyte response

Table 3 Survival analysis of 255 gastric cancers as a function of CDX2/MUC1 expression ratio

Number Death Stage-inclusive Cox analysis

Rate 95 % CI HR 95 % CI p value

Univariable With stage

(a) [20CDX2/ B20MUC1 75 6.29 4.47–8.85 1

(b) [20CDX2/ [20MUC1 76 11.98 8.95–16.05 1.43 0.91–2.24 0.122 0.055

(c) B20CDX2/ B20MUC1 20 16.46 9.56–28.34 2.01 1.05–3.82 0.034 0.011

(d) B20CDX2/ [20MUC1 84 21.02 16.35–27.01 2.31 1.51–3.54 \0.001 \0.001

Cell phenotype in gastric cancer prognosis 467

123



T
a

b
le

4
D

is
tr

ib
u

ti
o

n
o

f
p

h
en

o
ty

p
ic

m
ar

k
er

s
ac

co
rd

in
g

to
g

as
tr

ic
ca

n
ce

r
h

is
to

ty
p

e
(A

)
an

d
g

ra
d

e
(B

)

M
ar

k
er

C
D

X
2

C
K

2
0

M
U

C
2

C
A

R
5

C
D

1
0

C
D

H
1
7

a
L

G
A

L
S

4
M

U
C

5
A

C
M

U
C

6
P

G
II

M
U

C
1

C
K

7
C

at
h

E
L

y
so

zy
m

e

(A
)

H
is

to
ty

p
e

H
L

R
1

8
/4

1
(4

4
)

1
1

/4
2

(2
6

)
1

7
/4

3
(4

0
)

1
4

/4
5

(3
1

)
6

/3
8

(1
6

)
1

5
/3

9
(3

8
)

1
7

/3
9

(4
4

)
1

8
/4

4
(4

1
)

2
/3

7
(5

)
8

/4
4

(1
8

)
3

6
/4

4
(8

2
)

1
4

/3
9

(3
6

)
3

9
/4

5
(8

7
)

2
0

/4
0

(5
0

)

C
o
h

es
iv

e
6

2
/1

0
2

(6
1

)

3
7

/1
0

1

(3
7

)

3
7

/1
0

9

(3
4

)

5
8

/1
0

9

(5
3

)

2
8

/9
9

(2
8

)
5

0
/1

0
0

(5
0

)

5
7

/9
8

(5
8

)
4

4
/1

1
0

(4
0

)

2
9

/9
5

(3
1

)
3

7
/1

0
9

(3
4

)

7
8

/1
0

5
(7

4
)

5
2

/9
6

(5
4

)
6

1
/1

0
4

(5
9

)

4
3

/9
6

(4
5

)

D
if

fu
se

3
8

/5
8

(6
6

)
1

1
/6

0
(1

8
)

2
6

/7
2

(3
6

)
4

8
/7

3
(6

6
)

1
1

/5
8

(1
9

)
1

1
/5

7
(1

9
)

3
2

/5
2

(6
2

)
4

2
/7

3
(5

8
)

2
2

/6
7

(3
3

)
2

9
/7

3
(4

0
)

3
1

/7
2

(4
3

)
2

6
/6

2
(4

2
)

4
4

/6
9

(6
4

)
4

9
/6

9
(7

1
)

M
u

ci
n

o
u

s
2

8
/3

7
(7

6
)

1
1

/4
0

(2
8

)
3

9
/4

1
(9

5
)

2
5

/4
2

(6
0

)
9

/4
0

(2
3

)
1

4
/3

5
(4

0
)

1
6

/3
7

(4
3

)
2

7
/4

2
(6

4
)

7
/3

9
(1

8
)

6
/4

2
(1

4
)

1
5

/4
1

(3
7

)
1

2
/4

0
(3

0
)

1
4

/4
1

(3
4

)
8

/3
9

(2
1

)

A
n

ap
la

st
ic

6
/1

9
(3

2
)

1
/1

9
(5

)
1

/1
7

(6
)

1
/1

9
(5

)
6

/1
9

(3
2

)
5

/1
9

(2
6

)
1

/2
0

(5
)

2
/1

9
(1

1
)

2
/1

1
(1

8
)

2
/2

0
(1

0
)

1
2

/1
9

(6
3

)
9

/1
9

(4
7

)
6

/1
9

(3
2

)
5

/2
0

(2
5

)

F
is

h
er

’s
ex

ac
t

te
st

,
p

v
al

u
e

0
.0

0
5

0
.0

1
8

\
0

.0
0
1

\
0

.0
0
1

0
.4

2
8

0
.0

0
3

\
0

.0
0
1

\
0

.0
0
1

0
.0

0
7

0
.0

0
2

\
0

.0
0

1
0

.0
7

7
\

0
.0

0
1

\
0

.0
0
1

(B
)

G
ra

d
e

1
4

3
/7

2
(6

0
)

2
4

/7
9

(3
0

)
4

2
/8

5
(4

9
)

4
1

/8
8

(4
7

)
1

7
/7

5
(2

3
)

2
9

/6
8

(4
3

)
3

4
/6

8
(5

0
)

4
0

/8
7

(4
6

)
1

0
/7

7
(1

3
)

1
4

/8
7

(1
6

)
4

4
/8

5
(5

2
)

2
7

/7
6

(3
6

)
5

8
/8

7
(6

7
)

3
7

/7
8

(4
7

)

2
9

2
/1

4
9

(6
2

)

4
2

/1
4

6

(2
9

)

6
1

/1
6

2

(3
8

)

9
2

/1
6

9

(5
6

)

3
3

/1
4

3

(2
3

)

5
7

/1
4

7

(3
9

)

8
2

/1
4

1

(5
8

)

7
7

/1
6

4

(4
7

)

4
6

/1
4

4

(3
2

)

6
2

/1
6

3

(3
8

)

1
0

7
/1

5
9

(6
7

)

7
2

/1
4

3

(5
0

)

9
2

/1
5

5

(5
9

)

8
0

/1
4

9

(5
4

)

3
1

7
/3

6
(4

7
)

5
/3

7
(1

4
)

1
7

/3
5

(4
9

)
1

3
/3

7
(3

5
)

1
0

/3
6

(2
8

)
9

/3
5

(2
6

)
7

/3
7

(1
9

)
1

6
/3

7
(4

3
)

6
/2

8
(2

1
)

6
/3

8
(1

6
)

2
1

/3
7

(5
7

)
1

4
/3

7
(3

8
)

1
4

/3
6

(3
9

)
8

/3
7

(2
2

)

F
is

h
er

’s
ex

ac
t

te
st

,
p

v
al

u
e

0
.2

7
3

0
.1

2
2

0
.1

5
2

0
.0

4
2

0
.8

0
0

0
.2

4
2

\
0

.0
0
1

0
.9

1
5

0
.0

0
6

\
0

.0
0
1

0
.0

3
9

0
.0

8
2

0
.0

1
9

0
.0

0
2

a
O

n
ly

m
em

b
ra

n
e

ex
p

re
ss

io
n

w
as

co
n

si
d

er
ed

h
er

e;
to

ta
l

(m
em

b
ra

n
o

u
s

?
cy

to
p

la
sm

ic
)

ex
p

re
ss

io
n

g
av

e
n

o
si

g
n

ifi
ca

n
t

co
rr

el
at

io
n

w
it

h
ei

th
er

h
is

to
ty

p
e

o
r

g
ra

d
e

468 E. Solcia et al.

123



4.01, 1.82–8.81, v2 = 10.93, p = 0.001) and stage-inclu-

sive analysis (HR 4.82, 2.13–10.93), v2 = 14.18,

p \ 0.001). No predictive power was shown, on node-neg-

ative cancers, by other markers, MUC1 included.

Survival analysis restricted to stage I tumors showed

CDX2 (HR 0.34, 0.14–0.87, p = 0.024) and PGII (HR

3.45, 1.52–7.83, p = 0.003) to be the best predictors. The

results of their combined application to 83 stage I cases are

shown in Table 5.

Prediction of lymph node status

Neither CDX2 nor PGII was found to be significantly

associated with N status, for which only LGALS4 (as

cytoplasmic staining intensity score, OR 0.39, 0.21–0.70,

p = 0.002) and CDH17 (as membranous staining, OR

0.62, 0.36–1.07, p = 0.084) were informative. MUC1

proved effective only after dropping out HLR tumors (OR

2.41, 1.34–4.34, p = 0.003; against OR: 1.54, 0.92–2.56,

p = 0.100 when retaining HLR cases). In fact, HLR his-

tology was found to be per se a strong negative predictor of

lymph node metastasis (OR 0.28, 0.15–0.54, p [ 0.001),

thus masking a positive predictive power of MUC1 in non-

HLR tumors.

Multivariable analysis

In a multivariable model inclusive of age and sex applied

to 255 cases (Table 6) the favorable predictive power of

CDX2 proved to be independent of both stage and histo-

type-based grade, whereas the worsening influence of

MUC1 (or, in separate tests, PGII) lost significance. When

in the same model the eight biomarkers burden (2 ? 3

tertiles) was substituted for both CDX2 and MUC1, a HR

of 3.33, 2.03–5.48, p \ 0.001 was obtained without sub-

stantial change of the remaining factors, histotype-based

grade included HR 3.44, 1.90–6.21, p \ 0.001.

Discussion

Of the 14 phenotype-related markers tested in this study,

only 6 appeared significantly informative of prognosis at

univariable Cox analysis of the whole tumor series. Three

of these, CDX2, MUC2, and LGALS4, identified a group

with improved survival, and 3, PGII, MUC6, and MUC1,

identified a group with worse survival. Bivariable analysis

confirmed a stage-independent predictive power only for

CDX2, MUC1, MUC6, and PGII. However, based on the

reasonable hypothesis that no biomarker acts alone as a

negative or positive prognostic factor, but it is their col-

lective effect that contributes to the patient’s outcome [30],

we also analyzed the global influence of 8 potentially

informative markers showing p \ 0.1 at univariable Cox

analysis. We found that the resulting ‘‘biomarker burden’’

worked as a strong stage- and histotype-independent factor

in assessing patient outcome. This finding, besides repre-

senting by itself a proof of principle for a role of pheno-

typic markers in gastric cancer behavior, allows effective

stratification of patients according to their risk.

When normal tissue expression of the markers was

considered, a general trend appeared for intestinal pheno-

type markers to predict improved survival compared to

markers normally more (PGII, MUC6, MUC5AC) or less

(MUC1) restricted to gastric epithelia, or even to a more

pancreatobiliary duct marker such as cytokeratin 7. This

behavior was confirmed when cancers with predominantly

intestinal phenotype were compared with those with pre-

dominantly gastric, mixed (intestinal ? gastric or pancre-

atobiliary), or poorly expressed phenotype. These

phenotype-linked prognostic differences confirm and fur-

ther develop previous results [2, 3, 7, 9, 11, 13, 17, 18]. An

important new finding of our study is the identification of

two different histological subsets, the anaplastic and the

lymphocyte-rich HLR subsets, of cancers with poorly

expressed phenotype, showing opposite behavior, in

keeping with the known ominous prognosis of the ana-

plastic histotype [23, 25] and the relatively favorable

behavior of the HLR histotype [19, 20, 25, 26]. Indeed,

distinction of these two histological subsets allowed more

appropriate appreciation of the prognostic value of poor

expression of markers.

Table 5 Cox survival analysis of 83 stage I cancers as a function of

CDX2/PGII expression ratio

Number HR 95 % CI p value

(a) [20CDX2/ \10PGII 41 1

(b) B20CDX2/ \10PGII 20 4.73 1.13–19.83 0.033

(c) [20CDX2/ C10PGII 15 6.78 1.69–27.13 0.007

(d) B20CDX2/ C10PGII 7 19.53 4.29–88.95 \0.001

Model: v2(3) = 16.97, p \ 0.001; Harrell’s C = 0.768

Table 6 Multivariable analysis of 255 gastric cancers

HR 95 % CI p value

Sex 1.17 0.83–1.65 0.361

Age 1.01 1.00–1.03 0.113

Stage

II 2.97 1.67–5.27 \0.001

III ? IV 8.35 4.85–14.37 \0.001

Histotype-based grade, 2 ? 3 3.52 2.06–6.00 \0.001

CDX2, [20 % 0.58 0.41–0.83 0.003

MUC1, [20 % 1.20 0.82–1.76 0.357

Model: v2(7) = 178.2, p \ 0.001; Harrell’s C = 0.802
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The reason for the more favorable behavior of cancers

with intestinal phenotype remains unknown. An oncosup-

pressor function of the MUC2 [31] and CDX2 [32, 33]

genes has been suggested, based on molecular in vitro and

in vivo evidence. The association of MUC1 expression

with worse prognosis has been reported in many solid

cancers, including gastric cancer [7, 8, 34–36] and attrib-

uted to MUC1 protein’s direct interaction with the cell

membrane, so as to prevent cell adhesion, or with epider-

mal growth factor (EGF)-related receptors and b-catenin,

thus altering cell proliferation and differentiation, or to

activation of NFkB signaling, causing an antiapoptotic

response [35, 36].

The worse prognostic influence of the mucopeptic cell

markers MUC6 and PGII confirms previous findings [9].

Interestingly, the prognostic effect of PGII was more

powerful among stage I cancers, whereas MUC1 proved

more effective in stage II and III ? IV, and CDX2 among

all stage groups. These results led us to explore the

potential usefulness of a combination of CDX2 and PGII in

predicting the behavior of stage I cancers. The model,

which appeared to be predictive, might contribute to the

perioperative evaluation of early cohesive cancers under-

going (or considered for) endoscopic ablation or limited

surgical resection. For this important clinical issue, the

assessment of intestinal versus gastric phenotype or of

CDH17 status have been proposed [13, 17, 37]. Indeed, in

our study, the expression of LGALS4 and CDH17 nega-

tively predicted lymph node metastases, which in contrast

were positively correlated with MUC1 expression, but only

after dropping HLR cases. In fact, the HLR histotype,

which proved by itself, and independently of its MUC1

reactivity, to be a strong negative predictor of lymph node

metastasis, would mask the positive predictive power of

MUC1 among non-HLR tumors.

Significant differences were found in the distribution of

individual markers among tumor histotypes, either expec-

ted, such as high mucin marker expression among mucinous

and signet ring cancers, or unexpected, such as the over-

expression of both cathepsin E and MUC1 in HLR tumors.

A role of cathepsin E in antigen processing by professional

or acquired immunocompetent cells (including epithelial

cells such as intestinal M cells) has been suggested in the

past [38, 39], while more recently its expression has been

found to be inducible by hematopoietic transcription factors

and to be regulated by the HLA class II transactivator [40].

This function in cellular immune response, which fits with

the highly enhanced expression of cathepsin E previously

reported in H. pylori-infected gastric epithelium [41], may

point to a role of this cathepsin in eliciting the antitumor

T-cell response of HLR cancers.

It seems wise, when analyzing the role of cell phenotype

in gastric cancer prognosis, to also consider cancer

histotype, whose stage- as well as biomarker-independent

predictive power is confirmed by the present multivariable

analysis. Special attention should be given to the prog-

nostically informative subtypes among low (grade 1) or

high (grade 3) grade groups, known to account for most of

the prognostic power inherent to the histotype-based

grading system [22, 23]. In particular, HLR tumors, which

form the largest group among grade 1 tumors, should be

taken into consideration as a potential confounding factor

in prognostic studies.

In conclusion, although the prognostic impact of indi-

vidual tumor cell markers on gastric cancer behavior, with

the notable exception of CDX2, seems relatively limited,

combination of potentially predictive markers and assess-

ment of tumor cell phenotype provide important prognostic

information, especially when integrated with histotype-

based tumor grading.
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