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Abstract

Background The significance of gastric xanthelasma in
relation to gastric cancer still remains unclear. We inves-
tigated whether gastric xanthelasma would be a useful
marker for predicting the development of early gastric
cancer.

Methods A total of 1823 patients who underwent a
medical health checkup were enrolled. We examined the
relationship between gastric xanthelasma and various
clinical features, and in an endoscopic follow-up study
investigated whether the presence of gastric xanthelasma
was predictive of the development of early gastric cancer.
Results In the initial endoscopic examination, gastric
xanthelasma was detected in 107 (5.9 %) of the 1823 pa-
tients. The presence of gastric xanthelasma was sig-
nificantly associated with age >65 years, male gender,
open-type atrophy, and the presence of diabetes mellitus
(DM) (p <0.0001, p <0.0001, p < 0.0001, and
p < 0.0001, respectively). During the endoscopic follow-up
period, early gastric cancer was found in 29 (1.6 %) of the
1823 patients. Gastric cancer occurred in 15 (14.0 %) of
107 patients with gastric xanthelasma, whereas it occurred
in 14 (0.8 %) of 1716 patients without (p < 0.0001).
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Multivariate analysis revealed that open-type atrophy and
gastric xanthelasma were independently related to the de-
velopment of gastric cancer (odds ratio 7.19 [2.50-20.83];
p = 0.0003 and 5.85 [2.67-12.82]; p < 0.0001, respec-
tively). The presence of gastric xanthelasma was sig-
nificantly predictive of gastric cancer development even in
the selected high-risk groups with open-type atrophy or
DM (p < 0.0001 or p < 0.0001, respectively).

Conclusions Gastric xanthelasma is a useful marker for
predicting the development of gastric cancer.

Keywords Gastric xanthelasma - Early gastric cancer -
Gastric atrophy - Diabetes mellitus

Introduction

Gastric cancer is one of the leading causes of cancer-related
deaths worldwide [1, 2], mostly arising in gastric mucosa that
has been infected with Helicobacter pylori (H. pylori) [3, 4].
For curative treatment of gastric cancer, early detection is
essential. In this context, endoscopic surveillance examina-
tions are an important strategy for reducing the risk of mor-
tality due to gastric cancer. Although it seems impractical to
survey all patients with H. pylori infection worldwide, not all
such patients will necessarily develop gastric cancer during
their lifetimes. Therefore, to improve the efficacy of such
endoscopic surveillance, a useful predictive marker for de-
velopment of gastric cancer is urgently needed.

Gastric atrophy, which reflects chronic gastritis induced
by H. pylori infection, is considered to be an important risk
factor for gastric cancer [5-8], and accumulating evidence
suggests that the severity of gastric atrophy is related to the
incidence of early gastric cancer [9-11]. However, for
more precise delineation of individuals who have a high
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risk of developing gastric cancer, additional markers are
needed for detailed surveillance of patients with gastric
atrophy. We and others have recently shown that diabetes
mellitus (DM) is associated with an increased incidence of
gastric cancer, suggesting that DM plays some role in
gastric carcinogenesis [12-16]. Moreover, we have re-
ported that gastric xanthelasma, characterized by the ac-
cumulation of lipid in histiocytic foam cells, is frequently
observed in the gastric mucosa of patients with early gas-
tric cancer [17], suggesting that gastric xanthelasma might
be applicable as a predictive biomarker. In the present
study, we therefore analyzed the relationship between
gastric xanthelasma and clinical features of patients, in-
cluding the level of serum lipid and glucose, and further-
more investigated whether, in addition to gastric atrophy,
gastric xanthelasma would be a useful marker for predict-
ing the development of gastric cancer.

Materials and methods
Patients

This study was based on historical cohort analysis of patients
who underwent medical health checkups between January
2004 and December 2012 at Osaka Red Cross Hospital.
Medical checkup means periodic health evaluation involv-
ing a medical history, a physical examination, laboratory
tests, and endoscopic examination of the upper gastroin-
testinal tract without insurance coverage. For inclusion in
this study, patients had to have: (i) undergone follow-up
endoscopic examination of the upper gastrointestinal tract,
(ii) been followed up for longer than 3 years, and (iii) had
neither prior gastrectomy nor gastric cancer. Finally, a total
of 1823 patients were enrolled as shown in Fig. 1. The
following factors were examined retrospectively: age, sex,
severity of gastric atrophy, presence of gastric xanthelasma,
serum total cholesterol (T-CHO), triglyceride (TG), high-
density lipoprotein (HDL), low-density lipoprotein (LDL),
fasting plasma glucose (FPG), and the presence of DM. The
presence of DM was determined on the basis of medical
history, the result of a 75-g oral glucose tolerance test, the
fasting plasma glucose (FPG) level (>126 mg/dl), or the
hemoglobin Alc (HbAlc) level (=6.5 %), as reported pre-
viously [12, 18]. Each patient underwent annual endoscopic
evaluations of the upper gastrointestinal tract and was ex-
amined for the presence or absence of gastric cancer during
the follow-up period. The diagnosis of gastric cancer was
confirmed by histologic examination of tissue obtained by
endoscopic submucosal dissection or surgical resection. This
study was carried out with the approval of the Osaka Red
Cross Hospital Ethics Committee, and informed consent was
obtained from all patients.
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Total 8422 patients underwent upper Gl endoscopic
examination between 2004 and 2012

— Esophageal cancer (n=10)

Gastric cancer at the first endoscopic
examination (n=29)

—> Prior gastrectomy (n=113)

\ 4
8270 patients

—3 One-time endoscopic examination (n=4702)

— Follow-up period <3 years (n=1745)

Finally, 1823 patients were enrolled in the study

Fig. 1 Profiles of patients enrolled in an endoscopic follow-up study

Endoscopic examination and evaluation of gastric
atrophy

We performed endoscopic examination of the upper gas-
trointestinal tract using a panendoscope (GIF-Q260, GIF-
H260, or GIF-HQ290; Olympus Medical Systems, Tokyo,
Japan) equipped with an electronic endoscopy system
(EVIS LUCERA system; Olympus Medical Systems).
Each examination was performed by an experienced en-
doscopist, who carefully observed the esophagus, the entire
stomach, and the bulbar portion of the duodenum.

The severity of gastric atrophy was evaluated and
classified according to the criteria of Kimura and Take-
moto, as reported previously [19, 20]. In brief, the severity
of atrophy was divided into the following types according
to the location of the borderline between the fundic and
pyloric gland regions: antral-type, borderline located in the
angular part of the lesser curvature; closed-type, borderline
located on the lesser curvature of the stomach; open-type,
entire aspect of the lesser curvature was pyloric in nature,
and the border was shifted orally.

Statistical analysis

The StatView 5.0J statistical software package (Abacus
Concepts Inc., Berkeley, CA, USA) was used for all ana-
lyses in the present study. Data for age, T-CHO, TG, HDL,
LDL, FPG, and HbAlc were expressed as the mean £
SEM. Differences in these values between two groups were
analyzed by unpaired two-tailed 7 test or by Mann—Whitney
U test when the data were not parametric. Chi-squared
analyses were performed to investigate the relationships
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between groups and the various clinical factors, and Fish-
er’s exact test was also used as necessary. Multivariate
stepwise logistic analysis was used to identify factors that
were related to the development of gastric cancer. Cumu-
lative incidence of gastric cancer was evaluated by the
Kaplan—-Meier method and analyzed by log-rank test.
Multivariate Cox regression analyses were used to examine
whether gastric xanthelasma was an independent predictor
for the development of gastric cancer. Differences at
p < 0.05 were considered to be statistically significant.

Results

Analysis of the factors related to the development
of gastric cancer

The clinical features of the patients enrolled in this study
are summarized in Table 1. A total of 1823 patients un-
derwent endoscopic examination and follow-up studies.

The follow-up period ranged from 36 to 108 (median 63.0)
months. During the follow-up period, early gastric cancer
was found in 29 (1.6 %) of the 1823 patients.

We first examined the factors related to the development
of gastric cancer. Univariate analysis indicated that gastric
cancer development was significantly related to age >65
years, male, gastric atrophy, and the presence of gastric
xanthelasma (Table 1). None of the other parameters, in-
cluding gastric ulcer, duodenal ulcer, reflux esophagitis,
and fundic gland polyp, were significantly correlated with
the development of gastric cancer. Multivariate analysis
revealed that gastric atrophy and the presence of gastric
xanthelasma were independently related to the develop-
ment of gastric cancer (Table 2).

Regarding H. pylori status, we obtained its related data
in only 236 patients at the start of endoscopic follow-up.
When we analyzed these patients in terms of gastric cancer
development, univariate analysis showed that age >65
years, male, gastric atrophy, the presence of gastric xan-
thelasma, and H. pylori infection were significantly related

Table 1 Comparison of clinical
features between patients with

Characteristics Total patients

(n = 1823)

Patients with GC
development (n = 29)

Patients without GC p value
development (n = 1794)

and without the development of

gastric cancer Age
>65 323 (17.7 %)
<65 1500 (82.3 %)
Sex
Male 1051 (57.7 %)
Female 772 (42.3 %)
Atrophy
Open type 412 (22.6 %)

Closed type
Antral type

278 (15.2 %)
157 (8.6 %)

No atrophy 976 (53.5 %)
Gastric ulcer

Present 22 (1.2 %)

Absent 1801 (98.8 %)
Duodenal ulcer

Present 22 (1.2 %)

Absent 1801 (98.8 %)

Reflux esophagitis

Present
Absent

Fundic gland polyp

99 (5.4 %)
1724 (94.6 %)

Present 186 (10.2 %)

Absent 1637 (89.8 %)
GX

Present 107 (5.9 %)

Absent 1716 (94.1 %)

13 (44.8 %) 310 (17.3 %) < 0.0001
16 (55.2 %) 1484 (82.7 %)

25 (86.2 %) 1026 (57.2 %) 0.0017
4 (13.8 %) 768 (42.8 %)

24 (82.8 %) 388 (21.8 %) < 0.0001
4 (13.8 %) 274 (152 %)

1 3.4 %) 156 (8.7 %)

0 976 (54.4 %)

1 (34 %) 21 (12 %) 0.299
28 (96.6 %) 1773 (98.8 %)

0 22 (1.2 %) 0.999
29 (100 %) 1772 (98.8 %)

1 (34 %) 98 (5.5 %) 0.999
28 (96.6 %) 1696 (94.5 %)

0 186 (10.4 %) 0.066
29 (100 %) 1608 (89.6 %)

15 (51.7 %) 92 (5.1 %) < 0.0001
14 (48.3 %) 1702 (94.9 %)

GC gastric cancer; GX gastric xanthelasma

Clinical features are defined at the start of follow-up
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to the development of gastric cancer (Supplementary
Table 1). Moreover, multivariate analysis revealed that the
presence of gastric xanthelasma was independently related
to the development of gastric cancer (Supplementary
Table 2).

Gastric xanthelasma is related to age, sex, gastric
atrophy, and the presence of DM

In the initial endoscopic examination, gastric xanthelasma
was detected in 107 (5.9 %) of the 1823 patients. The
patients were then divided into two groups based on the
presence of gastric xanthelasma, and differences between
these two groups were examined. Patients with gastric
xanthelasma were significantly older than those without

Table 2 Multivariate analysis of factors related to the development
of gastric cancer

Odds ratio p value
Age >65 years 1.59 (0.71-3.52) 0.257
Sex, male 2.60 (0.87-7.77) 0.087
Atrophy, open type 7.37 (2.54-21.44) 0.0002
GX, present 6.38 (2.79-14.57) < 0.0001

GX gastric xanthelasma

(62.7 £ 0.8 vs. 53.1 £ 0.3, p < 0.0001). The proportion of
males was significantly higher in patients with gastric
xanthelasma than in those without (75.7 vs. 56.5 %,
p < 0.0001). Moreover, a significantly higher proportion of
patients with gastric xanthelasma had open-type atrophy in
comparison to patients without (77.6 vs. 19.2 %,
p < 0.0001). None of the serum lipids, including the levels
of T-CHO, TG, HDL, and LDL, were significantly related
to the presence of gastric xanthelasma. Interestingly, the
level of FPG was significantly higher in patients with
gastric xanthelasma than in those without (107.3 & 2.5 vs.
99.8 + 0.4, p = 0.0002). Similarly, the level of HbAlc was
significantly higher in patients with gastric xanthelasma
than in those without (5.88 + 0.07 vs. 5.68 &+ 0.02, p =
0.0003). Moreover, the proportion patients with DM was
significantly higher in those with gastric xanthelasma than
in those without (22.4 vs. 9.1 %, p < 0.0001, Table 3).

The presence of gastric xanthelasma is associated
with the development of early gastric cancer

During the follow-up period, early gastric cancer was
found in 29 (1.6 %) of the 1823 patients, including 15
(14.0 %) of the 107 patients with xanthelasma and 14
(0.8 %) of the 1716 patients without. Kaplan—Meir curves

Table 3 Comparison of clinical

Characteristics Total patients Patients with GX Patients without GX p value
features between patients with (n = 1823) (n = 107) (n = 1716)
and without gastric xanthelasma
Age (years) 537 +03 62.7 £ 0.8 53.14+03 < 0.0001
Age
>65 323 (17.7 %) 44 (41.1 %) 279 (16.3 %) < 0.0001
<65 1500 (82.3 %) 63 (58.9 %) 1437 (83.7 %)
Sex
Male 1051 (57.7 %) 81 (75.7 %) 970 (56.5 %) < 0.0001
Female 772 (42.3 %) 26 (24.3 %) 746 (43.5 %)
Atrophy
Open type 412 (22.6 %) 83 (77.6 %) 329 (19.2 %) < 0.0001
Closed type 278 (15.2 %) 21 (19.6 %) 257 (15.0 %)
Antral type 157 (8.6 %) 2(1.9 %) 155 (9.0 %)
No atrophy 976 (53.5 %) 1 (0.9 %) 975 (56.8 %)
T-CHO (mg/dl) 204.6 £ 0.7 200.6 £ 3.4 204.9 £ 0.7 0.170
TG (mg/dl) 111.7 £ 1.7 105.8 + 4.9 112.1 £ 1.8 0.861
HDL (mg/dl) 58.6 £ 0.3 559+£12 587+ 04 0.103
LDL (mg/dl) 1222 + 0.9 120.7 &+ 3.0 122.3 + 0.9 0.381
FPG (mg/dl) 100.2 + 0.4 107.3 £ 2.5 99.8 £ 04 0.0002
HbAlc (%) 5.69 £+ 0.02 5.88 £ 0.07 5.68 + 0.02 0.0003
DM
Present 181 (9.9 %) 24 (22.4 %) 157 (9.1 %) < 0.0001
Absent 1642 (90.1 %) 83 (77.6 %) 1559 (90.9 %)
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GX gastric xanthelasma; T-CHO total cholesterol; TG triglyceride; HDL high-density lipoprotein; LDL low-
density lipoprotein; FPG fasting plasma glucose; DM diabetes mellitus
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clearly showed that significantly more patients with gastric
xanthelasma developed early gastric cancer than those
without (p < 0.0001, Fig. 2).

We next examined whether the presence of gastric
xanthelasma was an independent factor predictive of early
gastric cancer development. Univariate analysis showed
that age >65 years, male gender, open-type atrophy, gastric
xanthelasma, and DM were significantly related to the
development of early gastric cancer (Table 4). Multivariate
analysis revealed that open-type atrophy and the presence
of gastric xanthelasma were independently related to the
development of gastric cancer (Table 4).

Of the 29 gastric cancers developed, 26 were differen-
tiated type and three were undifferentiated ones. Interest-
ingly, gastric xanthelasma was detected in 15 of 26 patients

-
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------ GX negative (n = 1716)
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e
o
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o
>
N

e
N
.

Cumulative incidence of gastric
cancer in total patients

0 20 40 60 80 100
Time (months)

Number atrisk
Gx-positive 107 103 91 64 16
Gx-negative 1716 1715 1494 1060 432

Fig. 2 Cumulative incidence of early gastric cancer during endo-
scopic follow-up in the patients overall

with differentiated gastric cancer, whereas it was detected
in none of three patients with undifferentiated gastric
cancer.

The presence of gastric xanthelasma predicts
the development of gastric cancer in patients
with open-type gastric atrophy

As shown in Table 4, patients with open-type gastric at-
rophy had an increased risk for the development of gastric
cancer. We then investigated the impact of gastric xan-
thelasma on the development of early gastric cancer in
patients with open-type gastric atrophy. We divided these
patients into two groups according to the presence of
gastric xanthelasma and investigated the inter-group dif-
ference in the incidence of early gastric cancer. Gastric
xanthelasma was detected in 83 (20.1 %) of 412 patients
with open-type gastric atrophy, and during the follow-up
period, 15 (18.1 %) of those 83 patients developed gastric
cancer, whereas only nine (2.7 %) of the 329 patients
without did so. Kaplan—Meier curves for patients with
open-type gastric atrophy showed that those with gastric
xanthelasma had a significantly higher incidence of gastric
cancer than those without (p < 0.0001, Fig. 3).

Moreover, we compared cumulative incidence of gastric
cancer between gastric xanthelasma-positive and -negative
cases in 138 patients with H. pylori infection. Kaplan—
Meier curves for patients with H. pylori infection showed
that those with gastric xanthelasma had a significantly
higher incidence of gastric cancer than those without
(p < 0.0001, Supplementary Figure 1).

Table 4 Univariate and

i Patients with gastric Univariate Multivariate
multivariate analyses of the cancer/total patients
cumulative incidence of gastric p value 95 % CI p value
cancer during endoscopic
follow-up Age
>65 13/323 (4.0 %) 0.0001 1.43 (0.67-3.06) 0.352
<65 16/1500 (1.1 %) 1.0
Sex
Male 25/1051 (2.4 %) 0.0014 2.27 (0.77-6.67) 0.138
Female 4/772 (0.5 %) 1.0
Atrophy
Open type 24/412 (5.8 %) < 0.0001 7.19 (2.50-20.83) 0.0003
Others 5/1411 (0.4 %) 1.0
GX
Present 15/107 (14.0 %) < 0.0001 5.85 (2.67-12.82) < 0.0001
Absent 14/1716 (0.8 %) 1.0
DM
Present 8/181 (4.4 %) 0.0017 1.81 (0.79-4.15) 0.161
Absent 21/1642 (1.3 %) 1.0

CI confidence interval; GX gastric xanthelasma; DM diabetes mellitus
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Fig. 3 Cumulative incidence of early gastric cancer in patients with
open-type gastric atrophy

Gastric xanthelasma is associated
with the development of gastric cancer in patients
with DM

We next investigated the impact of gastric xanthelasma on
the development of gastric cancer in patients with DM,
who constitute a high-risk group for this type of cancer.
Gastric xanthelasma was observed in 24 (13.3 %) of the
181 patients with DM, whereas it was detected in 83
(5.1 %) of the 1642 patients without DM. We divided the
DM patients into two groups according to the presence of
gastric xanthelasma and examined the inter-group differ-
ence in the development of gastric cancer. During the
follow-up period, early gastric cancer occurred in six
(25 %) of the 24 DM patients with xanthelasma, whereas it
was identified in only two (1.3 %) of the 157 without. The
Kaplan—-Meier curves for DM patients showed that those
with gastric xanthelasma had a significantly higher inci-
dence of gastric cancer than those without (p < 0.0001,
Fig. 4).

Discussion

Gastric xanthelasma has received little attention, perhaps
because clinically it has been considered a benign entity.
The present study is the first to have investigated the sig-
nificance of gastric xanthelasma as a marker for predicting
the development of early gastric cancer. Although gastric
xanthelasma is characterized by an accumulation of lipids
in histiocytic foam cells, its presence showed no relation-
ship to serum lipid levels; notably, however, it was sig-
nificantly associated with DM. On the other hand, since
xanthelasma is thought to be the result of an inflammatory
response to mucosal damage or aging, it may not be
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DM

surprising that the presence of gastric xanthelasma was
strongly associated with age and the severity of gastric
atrophy. Interestingly, these factors related to gastric xan-
thelasma are known to be risk factors for the development
of gastric cancer [21-23], and therefore we further inves-
tigated the clinicopathological significance of gastric xan-
thelasma in this context.

We have previously reported that the incidence of gas-
tric xanthelasma is significantly higher in patients with
gastric cancer [16]. Moreover, in the present study em-
ploying endoscopic follow-up examination, we clarified
that the occurrence of early gastric cancer was significantly
higher in patients with gastric xanthelasma than in those
without. These findings strongly suggest that gastric xan-
thelasma is a predictive marker for the development of
gastric cancer. However, univariate analysis showed that
not only gastric xanthelasma but also DM, gastric atrophy,
and other factors were associated with the occurrence of
gastric cancer, and multivariate analysis confirmed gastric
xanthelasma to be an independently predictive marker for
gastric cancer development.

Why does gastric cancer develop more frequently in
patients with gastric xanthelasma than in those without?
Kaiser et al. have reported that increased release of oxygen
free radicals may be involved in the formation of gastric
xanthelasma [24]. Oxygen free radicals are well known to
cause DNA damage and to play a role in the patho-
physiology of various malignancies [25-28]. Accordingly,
it is tempting to speculate that oxygen free radicals may
play a role in gastric carcinogenesis in patients with gastric
xanthelasma. On the other hand, it is possible that the
presence of gastric xanthelasma may reflect the severity
and long duration of chronic gastritis, and in fact gastric
xanthelasma was frequently observed in patients with
open-type gastric atrophy, which is known to be an im-
portant risk factor for the development of gastric cancer
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development. We also found that gastric xanthelasma was
associated with the presence of DM. Accumulating evi-
dence suggests that DM plays some roles in gastric car-
cinogenesis via hyperglycemia or hyperinsulinemia [12,
29, 30]. Previous reports suggest that production of reactive
oxygen species is increased in hyperglycemia [31, 32]. At
present, we cannot explain why gastric xanthelasma was
associated with DM. However, it is tempting to speculate
that excessive production of free radicals in hyperglycemia
may be involved in the development of gastric xanthelasma
in patients with DM. Although it remains unclear why
patients with gastric xanthelasma show a higher preva-
lence of gastric cancer, it seems likely that DM as well as
gastric atrophy is at least in part involved in gastric
carcinogenesis.

Although both open-type gastric atrophy and DM are
likely to be important risk factors for gastric cancer [9-16],
only a small proportion of patients with these conditions
develop gastric cancer, and the majority do not. Therefore,
we investigated whether gastric xanthelasma could be used
as a predictive marker for gastric cancer development in
high-risk patients with DM or open-type atrophy. As shown
in Figs. 3 and 4, the presence of gastric xanthelasma was
significantly predictive of early gastric cancer in not only
patients with DM but also those with open-type atrophy.
These findings suggest that gastric xanthelasma would be a
very useful marker for more precise delineation of higher-
risk patients among those who already have a high risk of
gastric cancer. In the present study, early gastric cancer
occurred in 15 (14 %) of 107 patients with gastric xan-
thelasma. Interestingly, we found that gastric cancer oc-
curred in the same location of xanthelasma in 12 (80 %) of
15 cases. These findings may suggest that gastric xanthe-
lasma is a marker not only for predicting the development
of early gastric cancer but also for predicting its location.
However, since the number of gastric cancer patients with
xanthelasma examined was small in this study, further
studies will be required to confirm this finding. In addition,
our study has some limitations. It was based on a historical
cohort analysis at a single institution. Since the follow-up
rate was low, the present study might have a certain degree
of selection bias. Moreover, we had no complete data
pertaining to H. pylori infection, and the lack of informa-
tion for H. pylori eradication is also a limitation in this
study. Therefore, multicenter prospective analysis includ-
ing such data will be needed to clarify the value of this
study.

In conclusion, we have clarified that the incidence of
gastric xanthelasma is significantly higher in patients with
open-type gastric atrophy or DM. Moreover, we showed
that the presence of gastric xanthelasma was independently
predictive of early gastric cancer in both patients overall
and also high-risk patients with open-type gastric atrophy

or DM. These findings suggest that gastric xanthelasma is a
simple but very effective marker in patients undergoing
endoscopic surveillance for development of gastric cancer.
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