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Lanthanum Deposition in the Gastroduodenal Mucosa of Dialysis Patients
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Abstract : Lanthanum (La) carbonate (LC) is one of the most popular phosphate binders used in dialysis patients
with end-stage renal disease. Only a small amount of LC is believed to be absorbed from the gastrointestinal (GI)
tract because LC strongly binds to dietary phosphate and forms insoluble complexes. La deposition in the gastro-
duodenal mucosa has been recently identified. Endoscopically, La deposition is demonstrated as whitish lesions of
varying sizes and shapes in the gastroduodenal mucosa. Microscopically, La deposition is characterized by histio-
cytic reaction or small foreign body granulomas containing gray or brown materials mainly in the lamina propria of
the GI mucosa. Some histiocytes containing La can migrate into regional lymph nodes via the lymphatic flow. The
amount of La deposition in the gastroduodenal mucosa is correlated with the total dose of LC administration, and La
deposition is almost consistently observed in LC-treated dialysis patients. Although the detailed mechanism of La
deposition in the GI tract is still unclear, several factors, such as gastric pH and metaplastic change of the mucosal
epithelium, may be involved in the La deposition in the gastroduodenal mucosa. Here we present an overview of
the feature of La deposition in the GI tract.
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Introduction

Hyperphosphatemia is a major clinical complica-
tion in patients with end-stage renal disease (ESRD).
Maintaining serum phosphate levels within its physi-
ologic range is important to reduce risks for cardio-
vascular events and mortality [1, 2]. As dietary re-
striction of phosphate alone is insufficient to reduce
serum phosphate levels, oral phosphate binders are
used in many dialysis patients with ESRD [1]. Several
phosphate binders, including calcium- or noncalcium-

based forms, are currently available. Lanthanum (La)
carbonate (LC) is one of the most effective and safe
noncalcium-based phosphate binders, and has been
available in the United States and Japan since 2005
and 2009, respectively. Dialysis patients have been
exposed to LC, and the safety of LC administration has
been documented in post-marketing surveillance for
10 years [3]. LC binds to dietary phosphate and forms
insoluble complexes excreted in the feces, where LC is
poorly absorbed. La deposition in the gastrointestinal
(GI) mucosa in LC-treated dialysis patients has been
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reported in Japan in recent years [4-10]. The histo-
pathological findings of La deposition in the GI tract
are very unique in that it could be easily recognized
even in a routine pathology practice. Here we summa-
rize detailed findings of La deposition in the GI tract
in dialysis patients.

Effects of LC administration in the GI tract

Generally, orally administered LC can bind to di-
etary phosphate in the stomach and form insoluble and
undissociated lanthanum phosphate (LaP) complexes
that pass through the GI tract. The availability of a
single oral dose (i.e., 1,000 mg) of LC is very low (ap-
proximately 0.00127%) in healthy humans, and an ex-
tremely small amount of absorbed La is eliminated via
the hepatobiliary route [11, 12]. No adverse effect in
the GI tract caused by LC administration in dialysis
patients has been described, except for nonspecific GI
symptoms, such as nausea, vomiting, abdominal pain,
and diarrhea [3,13]. Thus, LC administration has been
believed to be nonharmful, and a little accumulation in
the GI tract is considered safe.

Endoscopic findings of La deposition

Some endoscopic features of La deposition in the
gastric or duodenal mucosa have been previously de-
scribed. Whitish lesions of varying sizes and shapes,
including white granular spots, white specks, and white
plaques, are the most frequently documented or repre-
sentative findings (Fig. 1) [4, 14, 15]. The distribu-
tion of the whitish lesions varies: predominantly in the
duodenal or distal gastric mucosa, or diffusely in the
gastroduodenal mucosa [4, 15]. Some correlations are
described between the whitish area and dose of LC ad-
ministration in clinical practice. Magnifying endosco-
py with narrow-band imaging can detect these findings
more clearly [4]. Regardless of LC administration,
gastroduodenal abnormalities other than white lesions,
such as erosion, peptic ulcer, gastritis, mucosal atrophy,
and neoplastic changes, are commonly recognized in
dialysis patients [14, 16-18]. Hyperplastic polyps are
also likely to be observed in LC-administered dialysis
patients [14, 15]. The association between La deposi-
tion in the GI tract and Helicobacter pylori infection

Fig. 1. Endoscopic finding of La deposition. Hyperplas-
tic polyps with white granular spots (arrows) in the duode-
num (A) and the antrum (B) are shown.

status is so far unclear, although several researchers
have reported La deposition in the GI tract regardless
of H. pylori infection [4, 14, 15]. In contrast, no La
deposition in the colon has been described, except for
only one case of colonic mucosa with tubular adenoma
[7]. Therefore, information about La deposition in the
lower GI tract is limited.

Radiological findings of La deposition
Radiological assessment of La deposition in the GI

tract is still inadequate, but Shitomi et a/ showed that
11 of 14 dialysis patients with La deposition had a high-
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density linear appearance in the gastric mucosa in plain
computed tomography (CT), and this finding might be a
helpful diagnostic clue to La deposition [4]. In CT or GI
series examinations, many radiocontrast particles in the
GI tract, which are suggestive of LC binding to dietary
phosphate (LaPO,) within its lumen, differed from the
mucosal La deposition mentioned above.

Pathological findings of La deposition

Histologically, La deposition is characterized by sub-
epithelial aggregates of plump eosinophilic histiocytes
or small foreign body granulomas containing gray or
brown coarse granular, amorphous, or crystal-like
structures in the gastroduodenal mucosa (Fig. 2A, B).
La deposition is observed predominantly in the lamina
propria mucosae than in the submucosa. Immunohis-
tochemically, the histiocytes in the mucosa are easily

identified by their positive reaction to CD68 (Fig. 2C).
Some foreign bodies are highlighted by metachromasia
using toluidine blue staining (Fig. 2D), and they con-
tained iron and calcium [4, 6]. Shitomi et al showed
that calcium, collagen fiber, and hemosiderin were co-
localized with La in some histiocytes [4]. In previously
reported cases, La deposition was widely distributed
in the surgically resected gastric mucosa associated
with intestinal metaplasia [4, 6]. The gastric mucosa
obtained by biopsy or surgical resection shows various
degrees of histopathological changes, including chron-
ic or active inflammation, glandular atrophy, intestinal
metaplasia, regenerative changes, foveolar hyperplasia,
and neoplasms. In orally administered LC rat models
with a daily dose of 1,000 mg/kg for 5 days a week, the
glandular gastric mucosa shows an infiltrate of chronic
inflammatory cells including eosinophils in the lamina
propria after 2 weeks of LC administration, mucous

Fig. 2. Histopathological finding of La deposition. Mucosal histiocytic reaction containing foreign bodies (A, B). The histio-
cytes are immunoreactive to CD68 (C). The foreign bodies are emphasized by metachromasia using toluidine blue staining (D).
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Fig. 3. Schematic representation of summarized histopathological changes in the rat gastric mucosa after LC administration.
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neck cell proliferation, regenerative foveolar epitheli-
um and erosion after 4 weeks, atrophic change in fundic
and pyloric glands, and stromal fibrosis after 12 weeks,
which is more predominant after 40 weeks. Intestinal
metaplasia is observed after 24 weeks of LC admin-
istration (Fig. 3). Moreover, the mean Ki-67 labeling
index of epithelial cells is significantly higher in the ex-
perimental group than that in the control group after 12
weeks. In human gastric mucosa, regenerative chang-
es, intestinal metaplasia, and foveolar hyperplasia are
likely observed among LC-administered patients [14,
19]. Although oral LC intake and La deposition may
enhance the proliferative activity of the gastric mucosal
epithelium, it is difficult to consider that GI carcino-
genesis is induced in LC-administered patients based
only on previously analyzed but limited cases. On the
contrary, only a small amount of La deposition in an ad-

La

enocarcinomatous area has been repeatedly described
in the resected stomach [4, 6]. This phenomenon may
partially explain the mechanisms of La absorption and
subsequent deposition. Thus, careful management of
LC-treated patients and further clinical investigation
are required.

Ultrastructural findings of La deposition

By scanning electron microscopy, the backscattered
electron images of the gastroduodenal mucosa show
bright amorphous materials within the histiocytes in
subepithelial areas, corresponding to the phagocytized
deposits containing lanthanum and phosphorus, which
are confirmed using energy dispersive X-ray spectros-
copy (Fig. 4A-D). By transmission electron micros-
copy of the gastroduodenal mucosa, electron-dense

Fig. 4. Scanning electron microscopic findings of La deposition. The histiocytes in the gastric mucosa showing bright ma-
terials in backscattered images (A). The spectrum showing peaks of La and P (B). In energy dispersive X-ray electroscopic
image, La (C, red) and P (D, blue) are colocalized in the same area of (A).
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Fig. 5. Transmission electron microscopic findings of La deposition. Many electron dense precipitates are seen within sec-
ondary lysosomes in the histiocytes in the gastric mucosa (A, B). The spectrum showing peaks of La and P (C). At high-power
magnification, the precipitates are shown as crystalline or granular structures (D).

precipitates are seen within secondary lysosomes in
histiocytes beneath the foveolar epithelium or in sub-
epithelial areas (Fig. 5A—C). Inrat models, similar de-
posits are detected in some foveolar epithelial cells. At
high-power magnification, the precipitates are com-
posed of crystalloid or granular materials (Fig. 5D).

Incidence of La deposition in the GI tract

Although Goto et al reported that La deposition in
the GI mucosa was found in 85.7% of dialysis patients
treated with LC [7], in previously reported series, al-
most all LC-administered dialysis patients exhibited
La deposition in the gastric mucosa. It was detectable
even after 4 weeks and 2 weeks of oral LC adminis-
tration in patients and rats, respectively [14]. Thus,

La deposition in the gastroduodenal mucosa might be-
come apparent soon after LC treatment. In addition,
La deposition in the gastric mucosa during a follow-up
period with endoscopy and biopsy remains for at least
2 years after withdrawal of LC administration. The
amount of La concentration in the gastric mucosa has
been shown to correlate with the total exposure dose of
LC (daily LC administration dose X period) [5].

Mechanism of La deposition in the gastroduode-
nal mucosa

The mechanism of La deposition in the gastroduode-
nal mucosa remains largely unknown. Most orally ad-
ministered LC are believed to bind to dietary phosphate
in the stomach and produce insoluble LaP complexes
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that pass through the GI tract. La deposition in the in-
testinal mucosa is extremely rare, and LaP complexes
cannot directly penetrate into the GI mucosa, but LC
is dissolved in an acidic environment (pH 1-2) in the
presence of gastric juice [4], and a portion of the dis-
solved or uncoupled La not bound to phosphates may
The ab-
sorbed La precipitates with phosphates under an alka-

penetrate into the gastroduodenal mucosa.

line environment in the mucosa. Gastric pH may con-
tribute to LC dissolution in the gastroduodenal lumen.
After penetration into the mucosa, La is phagocytosed
by tissue histiocytes in a process of foreign body re-
action, and some histiocytes can migrate into regional
lymph nodes via the lymphatic flow. Although the
mechanism of how dissolved or uncoupled LC pen-
etrates into the gastroduodenal mucosa is still vague,
passive diffusion by way of paracellular permeability is
a plausible mechanism. Indeed, several previously re-
ported cases showed that altered tight junction proteins,
including claudin in intestinal metaplasia, increased the
epithelial paracellular permeability associated with La
deposition [6, 8, 19]. Further, Ji et al revealed that the
paracellular permeability of the gastric epithelium with
intestinal metaplasia was significantly increased using
lanthanum nitrate [20]. Incidentally, La deposition in
the neoplastic epithelium has not been detected in pre-
vious studies [4, 6], suggesting functionally disordered
absorption of La in the neoplastic epithelium. Conse-
quently, La deposition in the gastroduodenal mucosa
may depend on several factors such as gastric pH and
metaplastic or neoplastic epithelium.

Conclusion

La deposition in the gastroduodenal mucosa is ob-
served virtually in all LC-treated dialysis patients with
ESRD. La deposition is characterized by endoscopic
whitish lesions and histopathological eosinophilic his-
tiocytic reaction. The effect of long-standing mucosal
La deposition and its mechanisms remain unclear and
need further investigation.
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