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Abstract:

Objective This study aimed to investigate the endoscopic features of lanthanum-associated duodenal lesions
and the prevalence of duodenal involvement among patients with pathologically proven lanthanum deposition
in the gastrointestinal tract.

Methods We retrospectively reviewed 24 patients with pathologically proven lanthanum deposition in the
gastrointestinal tract. Patients were subdivided into three groups: Group A, patients with pathologically-
proven lanthanum deposition in the duodenum; Group B, patients without lanthanum deposition in the duode-
num; and Group C, patients without a biopsy of the duodenum.

Results A biopsy examination of the duodenum was performed in 19 patients, and lanthanum deposition
was detected in 17 patients (17/19, 89.5%). In group A (n=17), whitish duodenal villi were detected in 15
patients during esophagogastroduodenoscopy (15/17, 88.2%). While the other two patients showed no whitish
villi, a biopsy of the duodenal mucosa revealed lanthanum deposition. The deposition of a white substance
showing a clear margin was visible within multiple villi under magnified observation in some patients of
group A. Group B patients (n=2) also showed whitish villi. However, the whitish color was faint in one case
and sparse in the other case.

Conclusion Lanthanum deposits in the duodenum may resemble white villi. However, in some cases, these
deposits may be unrecognizable during esophagogastroduodenoscopy due to the subtle degree of deposition.
Endoscopists should biopsy the duodenum as well as the stomach, regardless of the presence or absence of
white villi, for an accurate determination of lanthanum deposition in the gastrointestinal tract.
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This agent has been proven to be an effective phosphate

Introduction

Lanthanum carbonate is widely used to reduce phosphate
levels in patients with end-stage renal disease because high
levels of serum phosphate can lead to complications with
calcium absorption, leading to osteoporosis and arterioscle-
rosis (1-4). Once lanthanum carbonate is ingested orally, it
binds to phosphate in the gastrointestinal tract and reduces
its absorption throughout the gastrointestinal tract (5, 6).

binder for controlling hyperphosphatemia, based on the re-
sults of both short- and long-term clinical studies that have
demonstrated its efficacy and an acceptable safety pro-
file (7, 8). However, in 2015, several researchers reported
lanthanum deposition in the gastrointestinal mucosa, particu-
larly in the stomach (9-13). Lanthanum-related gastric le-
sions have since been described as white lesions in most
previously reported cases (11, 12, 14-16).

We observed lanthanum deposition in the duodenum as
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white villi (17). However, the clinicopathological features of
duodenal lesions associated with lanthanum deposition have
not been fully revealed due to the infrequency of this entity.
In the present study, we retrospectively reviewed cases with
lanthanum deposition in the stomach and/or duodenum and
investigated the endoscopic features of lanthanum-associated
duodenal lesions and the prevalence rate of involvement
among patients with pathologically proven lanthanum depo-
sition in the gastrointestinal tract.

Materials and Methods

A database search of endoscopy examination reports of
the Department of Endoscopy at Okayama University Hospi-
tal identified 24 patients with pathologically proven lantha-
num deposition in the gastrointestinal tract diagnosed be-
tween January 2013 and May 2018. Therefore, these 24 pa-
tients were included in this study. Of note, a subset of the
24 patients examined herein had also been included as sub-
jects in our previous studies (16-23).

A histologic diagnosis was performed using endoscopi-
cally biopsied specimens or endoscopically resected speci-
mens based on the presence of fine amorphous eosinophilic
material on hematoxylin and eosin-stained tissues, as de-
scribed previously (16-23). We also performed scanning
electron microscopy (SEM) and chemical analyses using
energy-dispersive X-ray spectrometry (EDX) in all of the
patients in order to confirm the presence of lantha-
num (20, 21, 23). In brief, a paraffin-embedded section was
deparaffinized with xylene (10 minutes twice) and subse-
quently washed with a serial dilution of ethanol (100% for 5
minutes, 3 times; 80% for 5 minutes; 50% for 5 minutes).
The surface of the sample was coated with osmium for 10
seconds (HPC-1S-type osmium coater; Shinku Device Co.,
Ibaraki, Japan), and SEM images were obtained using an S
4800 electron microscope (Hitachi, Tokyo, Japan).

According to the biopsy result for lanthanum deposition
in the duodenum, patients were subdivided into three
groups: Group A, patients with pathologically-proven lantha-
num deposition in the duodenum; Group B, patients without
lanthanum deposition in the duodenum; and Group C, pa-
tients without a biopsy of the duodenum. We retrospectively
reviewed the patients’ clinical records and investigated the
data of each subgroup regarding the endoscopic, radiologi-
cal, biological, and pathological examinations.

This retrospective study was approved by the ethics com-
mittee of Okayama University Hospital and adhered to the
principles of the Declaration of Helsinki.

Results

The patients’ characteristics are shown in Table. Among
the 24 patients, a biopsy examination of the duodenum was
performed in 19, and lanthanum deposition was detected in
17 (17/19, 89.5%). In our institution, lanthanum was de-
tected in the biopsied specimens from the stomach and/or

duodenum in all patients. Thus, all of the patients in group
B (n=2; showed negative results for duodenal lanthanum
deposition) and group C (n=5; did not undergo any biopsy
of the duodenum) showed gastric lanthanum deposition. In
group A (n=17), lanthanum was detected in both the stom-
ach and duodenum in 15 patients (88.2%), while the remain-
ing 2 showed duodenal lanthanum deposition alone. The
median age of the patients was 57 years in group A (range:
31 to 76 years), 76 years in group B (range: 75 to 77 years),
and 70 years in group C (range: 65 to 77 years), respec-
tively. There was male predominance, with 14 males in
group A (82.4%), 1 in group B (50.0%), and 4 in group C
(80.0%).

The median period of consumption of lanthanum carbon-
ate was 56 months in group A and 81 months in group C.
One patient in group B had been consuming lanthanum car-
bonate for two months, and detailed information regarding
the administration period was not available for the other pa-
tient. One patient in group A had stopped consuming lantha-
num carbonate three months before the diagnosis of lantha-
num deposition in the stomach and duodenum. The other 23
patients had been consuming lanthanum carbonate when
they were diagnosed with lanthanum deposition.

Figs. 1-3 show representative endoscopic images of lan-
thanum deposition in the duodenum. In Case 1 (73-year-old
man), although whitish villi were partly observed during
esophagogastroduodenoscopy, they were faint and not read-
ily recognizable under white-light imaging (Fig. 1A). Mag-
nifying observation with narrow-band imaging revealed the
presence of a white substance within each villus (Fig. 1B).
A biopsy of the villi showed fine amorphous eosinophilic
material on hematoxylin and eosin-stained tissues, which is
a typical feature of lanthanum deposition (Fig. 1C). Lantha-
num deposits appeared as bright aggregates of particles un-
der SEM (Fig. 1D and E). The EDX analysis revealed the
presence of lanthanum (Fig. 1F, arrows) and phosphate
(Fig. 1F, arrowhead) in the area of deposition.

Figs. 2A and 2B show another case (Case 2, 60-year-old
woman) with prominent lanthanum deposition in the duode-
num. Esophagogastroduodenoscopy revealed diffuse whitish
mucosa throughout the duodenal bulb (Fig. 2A). Magnifying
observation with white-light imaging showed deposition
within the villi, which was similar to the magnified endo-
scopic image of Case 1. In Case 3 (67-year-old man), whit-
ish mucosa was partly seen as longitudinal whitish lines un-
white-light (Fig. 2C) and narrow-band imaging
(Fig. 2D). Biopsy specimens taken from the whitish lesions
contained lanthanum.

In group A, whitish duodenal villi were detected in 15
cases during esophagogastroduodenoscopy (15/17, 88.2%).
Among the 15 patients, 7 showed involvement of both the
duodenal bulb and the second portion, 6 showed involve-
ment of the duodenal bulb alone, and the other 2 showed in-
volvement of the second portion of the duodenum alone.
Whitish duodenal villi were observed as longitudinal whitish
lines in only 1 patient (Fig. 2C and D), whereas whitish villi

der
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Figure 1. Duodenal lesions observed in Case 1 (73-year-old man). Whitish villi were partly ob-
served during esophagogastroduodenoscopy (A). Magnifying observation with narrow-band imaging
clearly demonstrated the presence of a white substance (B). Fine amorphous eosinophilic material
was observed in Hematoxylin and Eosin staining tissues (C). Lanthanum deposits appeared as bright
aggregates of particles under scanning electron microscopy (D, E). Lanthanum (F, arrows) and phos-
phate (F, arrowhead) elements were confirmed by energy-dispersive X-ray spectrometry.

Figure 2. Endoscopy images of duodenal lanthanum deposition. Case 2 (60-year-old woman) mani-
fested diffuse whitish mucosa (A, B). In Case 3 (67-year-old man), whitish mucosa was partly seen as
longitudinal whitish lines under white-light (C) and narrow-band imaging (D). Biopsy specimens
taken from the whitish lesions contained lanthanum.
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Figure 3. Endoscopy images of Case 4 (66-year-old man). Although whitish villi were absent (A:
White-light imaging, B: Narrow-band imaging), a biopsy from the duodenal mucosa revealed lantha-

num deposition (C, arrow).

Figure 4. Endoscopy images of group B patients. Whitish color was faint in Case 4 (A, B, 75-year-

old woman) and sparse in Case 5 (C, D, 77-year-old man). No lanthanum deposition was detected in

the duodenum of these two patients.

were diffusely observed in the remaining 14 patients. In 2
patients, although whitish villi were not observed during
esophagogastroduodenoscopy, a biopsy of the duodenal mu-
cosa revealed lanthanum deposition (Fig. 3, Case 4, 66-year-
old man).

Endoscopy images of group B patients are shown in
Fig. 4. In these patients, whitish villi were observed during
esophagogastroduodenoscopy, although the whitish color
was faint in Case 5 (Fig. 4B, 75-year-old woman) and
sparse in Case 6 (Fig. 4D, 77-year-old man) under magnify-
ing observation with narrow-band imaging compared to the
endoscopic images shown in Figs. 1B and 2B. There was no
lanthanum deposition in the biopsy specimens taken from
the duodenal mucosa of these two patients.

Discussion

This is the first study to investigate the endoscopic fea-
tures and characteristics of patients with duodenal lantha-
num deposition. As described above, lanthanum deposition
in the stomach has most frequently been reported to occur
as white lesions. In our previous studies, we classified the
endoscopic features of the lanthanum-associated gastric le-
sions as white spots, annular whitish mucosa, and diffuse
whitish mucosa (21). We also revealed that pathological lan-
thanum deposition corresponds to white lesions in the gas-
tric mucosa, which can be observed endoscopically after
quantifying lanthanum elements using an EDX analy-
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sis (23). However, the endoscopic features of lanthanum-
associated duodenal lesions have rarely been reported. Sev-
eral authors described the detection of lanthanum deposition
in biopsy specimens taken from duodenal ulcers (11), granu-
lar and micronodular mucosa (24), granular mucosa (25),
and duodenitis (26). Shitomi et al. reported bright white
spots as duodenal lanthanum-associated lesions (27). Al-
though, several researchers have reported pathological lan-
thanum deposition in the duodenum, the endoscopic images
or features of the duodenal lesions were not described in
their reports (10, 28, 29). The present study revealed that
15/17 patients (88.2%) with duodenal lanthanum deposition
presented with white villi. Therefore, we consider white le-
sions to be the essential macroscopic feature of lanthanum
deposition in the duodenum, as seen in the stomach.

During esophagogastroduodenoscopy, the deposition of
white substance showing clear margin was visible within
multiple villi under magnifying observation, as shown in
Case 1 (Fig. 1) and Case 2 (Fig. 2A and B). Conversely, al-
though white villi were observed in patients without lantha-
num deposition as well, the margin of the white lesion was
faint (Fig. 4B) and the white villi were sparse (Fig. 4D).
Consequently, we speculated that the deposition of a white
substance showing a clear margin within multiple villi was a
distinctive feature of duodenal lanthanum deposition. Of
note, various etiologies can present with white lesions in the
duodenum, including follicular lymphoma, lymphangiecta-
sia, lymphangioma, adenoma, hyperplastic polyp, duodenitis,
and erosion (30). Magnified endoscopic features, in combi-
nation with macroscopic features, may therefore be useful
for differentiating lanthanum deposition from other duodenal
diseases presenting with whitish lesions. However, further
investigations will be required in order to elucidate the en-
doscopic features that are specific to this disease entity, as
magnifying observation was performed in only a limited
number of patients in the present study.

Ban et al. reviewed 10 biopsy specimens taken from the
duodenal mucosa of patients who had been diagnosed with
gastroduodenal lanthanum deposition and reported that lan-
thanum deposition was observed in 3 samples (30%) (31).
In the present study, more frequent involvement was ob-
served; 17/19 patients (89.5%) who underwent a duodenal
biopsy showed lanthanum deposition. However, the subjects
in the study by Ban et al. and our own were patients who
had manifested lanthanum deposition in the stomach and/or
duodenum. Therefore, the true prevalence rate of duodenal
lanthanum deposition in the consumers of lanthanum car-
bonate has yet to be determined, and further investigations
are warranted to determine this prevalence.

Of note, in group A, lanthanum deposition was detected
in the biopsy specimens taken from the duodenal villi even
when whitish lesions were absent (Fig. 3). Therefore, a sub-
tle degree of lanthanum deposition may be unrecognizable
under endoscopic observation; however, it can be detected
by optical microscopy or electron microscopy. Consequently,
endoscopists should obtained biopsy specimens from the

duodenal mucosa of patients who are consuming lanthanum
carbonate or have a history of consuming such agents, re-
gardless of whether or not white villi are present.

In group B, although information regarding the admini-
stration period was not available in one patient, the duration
of consumption of lanthanum carbonate was two months in
the other patient, which was the shortest among the enrolled
patients. Therefore, it is likely that a shorter administration
period tends to yield negative biopsy results for duodenal in-
volvement of lanthanum deposition. Another possibility is
that sampling error occurred during the endoscopic biopsy
procedure, leading to false-negative pathology results. Since
group B consisted of only two patients, further investiga-
tions will be required to reveal the factors associated with
negative results of a duodenal biopsy.

At present, the pathogenicity of lanthanum deposition in
the gastrointestinal tract has not been elucidated in actual
clinical settings. However, in the latest report by Yabuki et
al., the authors administered lanthanum carbonate to rats and
observed glandular atrophy, stromal fibrosis, proliferation of
mucous neck cells, intestinal metaplasia, squamous cell pa-
pilloma, erosion, and stomach ulcer (32). They speculated
that such various histologic alterations were probably caused
by lanthanum deposition in the gastric mucosa, meaning that
lanthanum deposition can lead to abnormal cell proliferation
or neoplastic lesions. Another possible concern is the poten-
tial damage to patients’ health due to the deposition of inor-
ganic substances from a long-term perspective. For example,
aluminum encephalopathy syndrome manifested as progres-
sive encephalopathy in infants and children with chronic re-
nal insufficiency who had been consuming aluminum-
containing products, such as phosphate binders, for several
years (33). While serious organ injury due to lanthanum
phosphate intake has not yet been reported, we believe that
the accurate diagnosis of gastroduodenal lanthanum deposi-
tion and a follow-up survey of such patients will prove im-
portant for promptly diagnosing lanthanum-related health
problems that might occur in the future.

Conclusion

We observed the involvement of the duodenal mucosa in
89.5% of patients with gastroduodenal lanthanum deposition
in the present study. Furthermore, lanthanum deposits in the
duodenum tended to appear as white villi. However, a subtle
degree of lanthanum deposition may be unrecognizable dur-
ing esophagogastroduodenoscopy. Therefore, in order to pre-
cisely diagnose lanthanum deposition in the gastrointestinal
tract, endoscopists should take biopsy samples from the duo-
denum as well as from the stomach, regardless of the pres-
ence or absence of white villi.
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