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Abstract

Several features of drug-induced mucosal alterations have been observed in the
upper gastrointestinal tract, i.e., the esophagus, stomach, and duodenum. These
include pill-induced esophagitis, desquamative esophagitis, worsening of
gastroesophageal reflux, chemotherapy-induced esophagitis, proton pump inhibitor-
induced gastric mucosal changes, medication-induced gastric erosions and ulcers,
pseudomelanosis of the stomach, olmesartan-related gastric mucosal inflammation,
lanthanum deposition in the stomach, zinc acetate hydrate tablet-induced gastric
ulcer, immune-related adverse event gastritis, olmesartan-associated sprue-like
enteropathy, pseudomelanosis of the duodenum, and lanthanum deposition in the
duodenum. For endoscopists, acquiring accurate knowledge regarding these diverse
drug-induced mucosal alterations is crucial not only for the correct diagnosis of
these lesions but also for differential diagnosis of other conditions. This minireview
aims to provide essential information on drug-induced mucosal alterations observed

on esophagogastroduodenoscopy, along with representative endoscopic images.
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Core Tip: Various lesions associated with medication use are detected during
esophagogastroduodenoscopy, including pill-induced esophagitis, desquamative
esophagitis, deteriorating gastroesophageal reflux, chemotherapy-induced
esophagitis, proton pump inhibitor-induced gastric mucosal changes, medication-
induced gastric erosions and ulcers, pseudomelanosis of the stomach, olmesartan-
related gastric mucosal inflammation, lanthanum deposition in the stomach, zinc
acetate hydrate tablet-induced gastric lesions, immune-related adverse event (irAE)
gastritis, olmesartan-associated sprue-like enteropathy, duodenal pseudomelanosis,

and lanthanum deposition. Endoscopists must diagnose these mucosal alterations by
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acquiring pertinent knowledge regarding medication-induced lesions, concomitant

with inquiries concerning patient medication history.

INTRODUCTION

The primary purpose of screening esophagogastroduodenoscopy (EGD) is to
comprehensively examine the esophagus, stomach, and duodenum to detect
neoplasms. Furthermore, EGD provides invaluable information for disease
diagnosis, assessment of disease state, and treatment planning in symptomatic
patients. This procedure can reveal a spectrum of conditions, including cancer, and
can also enable the identification of mucosal changes attributed to medications taken
by the patientl!2l. Although gastric and duodenal ulcers caused by nonsteroidal anti-
inflammatory drugs (NSAIDs) have long been known as drug-induced upper
gastrointestinal lesionsl®4], the advent of various medications on the market has led
to the emergence of new types of mucosal injuries and alterations. Despite the
inclusion of information on some drug-induced upper gastrointestinal mucosal
lesions in the package inserts of medications, not all prescribing physicians are
acquainted with these conditions due to their infrequency. Therefore, endoscopists
should acquire accurate knowledge regarding diverse drug-induced mucosal
alterations for appropriate diagnosis. This knowledge is also crucial for the
differential diagnosis of other conditions, including neoplastic lesions. Herein, we
review articles associated with drug-induced mucosal alterations in the esophagus,
stomach, and duodenum, and present endoscopic images of representative lesions

detected on EGD.

HTERATURE REVIEW

Search strategy

We conducted a systematic search of the PubMed database to retrjeve all peer-
reviewed articles published between January 1, 2013, and August 3, 2023, without
imposing any study design filters. To augment our search results, we manually
screened additional relevant articles using a reference list of selected publications

that met our eligibility criteria. Our search used the keywords “drug-induced” and
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(1
“esophagus”, “stomach”, or “duodenum”, and was performed by the principal

investigator Iwamuro M. The inclusion criteria were as follows: (1) Peer-reyiewed
articles describing cases of drug-induced upper gastrointestinal tract lesion; and (2)
Review articles, original articles, case series, and case reports. Articles were excluded
it they: (1) Did not focus primarily on drug-induced upper gastrointestinal tract
lesion; (2) Were animal or cell studies; (3) Were letters, editorials, or correction
notices; or (4) Were written in languages other than English. All the eligible articles

were evaluated.

Search results

Figure 1 presents a flow diagram summarizing the identification, screening,
eligibility, and exclusion processes of the literature search. The keywords “drug-
induced” and “esophagus” yielded 45 papers of which 19 were excluded for the
following reasons: Not primarily focused on drug-induced upper gastrointestinal
tract lesion (1 = 14); animal or cell studies (n = 2); and written in languages other
than English (n = 3). The keywords “drug-induced” and “stomach” yielded 173
papers, of which 149 papers were excluded for the following reasons: Not primarily
focused on drug-induced upper gastrointestinal tract lesion (n = 65); animal or cell
studies (n = 72); and studies written in languages other than English (n = 12). The
keywords “drug-induced” and “duodenum” yielded 30 articles, of which 19 were
excluded due to the following reasons: Not primarily focused on drug-induced
upper gastrointestinal tract lesion (n = 8); animal or cell studies (n = 8); and studies
written in languages other than English (n = 3). Finally, 61 articleSﬁrere retrieved
from the initial PubMed search after applying the exclusion criteria. After a manual
screening, 33 additional articles were deemed relevant and included. A total of 94
articles were reviewed in detail.

Virtually all drugs may cause adverse events, including those involving the
digestive tract, and various changes in the gastrointestinal mucosa due to different
drugs have been reported. Drugs reported in two or more papers are presented in
Table 1. In the subsequent sections, we elucidate the discernible categories of drug-

induced mucosal alterations accompanied by illustrative EGD images.
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PILL-INDUCED ESOPHAGITIS

Given that tablets are ingested in a supine posture or preceding sleep, accompanied
by inadequate water intake, the entrapment of medication within the esophagus
may result in the release of deleterious agents, imparting noxious constituents
capable of inflicting damage to the esophageal wall. The mucosal injury to the
esophagus due to the retention of such medications is also referred to as pill-induced
esophagitisl>1%l. Esophageal injury can be caused by over hundred distinct
substances consumed in the form of oral pharmaceuticals. Principal contributors
include antibiotics, notably tetracycline and doxycycline, along with other agents
such as bisphosphonates(?], NSAIDs, potassium chloridel?!l, and iron pills.
Acetaminophen, warfarin, colchicine, ascorbic acid, L-arginine, pinaverium,
antihypertensives, and antiarrhythmic agents may also induce esophagitis. These
pharmaceutical agents are believed to exert a corrosive effect on the esophageal
mucosa, thereby instigating processes that lead to inflammation, irritation, erosion,
and ulceration within the esophagus. Pill-induced esophagitis manifests as
dysphagia, pain during swallowing, thoracic discomfort, heartburn, and general
esophageal irritation. To attenuate the risk of esophageal injury, it is imperative for
patients to ingest medications with a copious volume of plain water and
concurrently adopt an upright posture (either sitting or standing) for a minimum of

30 min following the intake of the medication.

DESQUAMATIVE ESOPHAGITIS

Desquamative esophagitis, also known as esophagitis dissecans superficialis, or
sloughing esophagitis, is an infrequent, unique endoscopic finding characterized by
mucosal sloughing into the esophageal lumen. Desquamative esophagitis occurs in
patients taking direct oral anticoagulants, which are commonly prescribed for the
prevention and treatment of blood clots. While dabigatran is frequently
implicated(222¢], rivaroxaban, apixaban, and edoxaban can also induce this condition.
A typical appearance is depicted in Figure 2, illustrating the presence of diffuse

white membranous deposits in the mid to distal esophagus. Endoscopic biopsy of
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the white membranous deposits reveals a degenerated squamous epithelium
accompanied by inflammatory cell infiltration[2?l. A previous study found that the
use of psychoactive agents, particularly selective serotonin reuptake inhibitors or
serotonin-norepinephrine reuptake inhibitors, was prevalent in patients with
desquamative esophagitisi??l. Other medications, such as benzodiazepines, opioids,
and antiepileptic agents, similarly contribute to the occurrence of desquamative
esophagitis®28l. Such esophageal mucosal injuries are believed to occur through a
mechanism similar to that of pill-induced esophagitis, in which damage arises from
the retention of medication in the esophagus. Therefore, for prevention, it is crucial
to take medication with a full glass of water while in an upright position to ensure

smooth passage into the stomach.

WORSENING OF GASTROESOPHAGEAL REFLUX

In gastroesophageal reflux, the primary precipitant of mucosal injury is the refluxed
gastric acid. However, various medications may exacerbate or trigger the onset of
gastroesophageal reflux['3'4l. Nitrates such as nitroglycerin are commonly used to
treat conditions such as angina by relaxing and dilating blood vessels. This
relaxation effect is not specific to the blood vessels in the heart, but also extends to
other smooth muscles, including the lower esophageal sphincter (LES), allowing
stomach acid to flow back into the esophagus. Calcium channel blockers,
anticholinergic medications, sedatives, tranquilizers, and theophylline may also
relax the LES and contribute to acid reflux. In symptomatic individuals, it is
imperative not only to administer proton pump inhibitors (PPIs), but also to evaluate
the potential exacerbating effects of pharmacological agents on gastroesophageal
reflux. Therefore, it is important to promptly discontinue or modify medication

accordingly.

CHEMOTHERAPY-INDUCED ESOPHAGITIS

Chemotherapy-induced esophagitis refers to inflammation and irritation of the
esophagus, which occurs as a side effect of chemotherapy drugs. These potent

medications used to treat cancer can inadvertently damage the esophageal lining,
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leading to a range of symptoms and complications®!'8. Drugs such as 5-
fluorouracil, bleomycin, dactinomycin, methotrexate, cytarabine, and vincristine

have been identified as causative agents.

PPI-Iﬂ)UCED GASTRIC MUCOSAL CHANGE

PPIs, a class of medications that reduce stomach acid production, are commonly
prescribed to treat conditions such as gastroesophageal reflux disease and peptic
ulcers. Although PPIs are generally regarded as safe with a low incidence of adverse
effects, emerging evidence suggests that their long-term use can elicit diverse
endoscopic and histopathological alterations in the gastric mucosal?3). These
include multiple white and flat elevated lesions, fundic gland polyps, hyperplastic
polyps, cobblestone-like mucosa, black spots, and a white globe appearance.

The term “multiple white and flat elevated lesions” was proposed in 2011 to
describe a new type of polyp associated with PPI use that was observed in the
gastric cardia, fornix, or corpusl®34 (Figure 3A-C). These lesions manifest as
circumscribed and sharply demarcated areas characterized by a whitish appearance,
exhibiting a round morphology and slight elevation of the mucosa with a smooth
surface. Multiple white and flat elevated lesions were more easily identified on
narrow band imaging than on normal white-light observation. Pathologically, a
straight, enlarged, and hyperplastic foveolar epithelium was observed, which is a
typical feature of this lesion.

Fundic gland polyps are one of the most prevalent types of gastric polyps, with an
estimated incidence ranging from approximately 2% to 11%, albeit subject to
variation among diverse populations (Figure 3D and E)I%I. Notably, their occurrence
tends to diminish in patients with Helicobacter pylori infection, but conversely
increases in individuals undergoing PPI therapy. Fundic gland polyps reportedly
regress after cessation of PPIs in some patientsl3-40],

Several studies have explored the potential association between PPI use gnd the
development of hyperplastic polyps in the stomach (Figure 3F-H). Some studies
suggest that the long-term use of PPIs may be associated with an increased risk of

gastric polypsl4ll. The frequency of hyperplastic polyps exhibited a propensity for
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elevation among individuals testing positive for Helicobacter pylori. Similar to fundic
gland polyps, hyperplastic polyps reportedly regress in some patients following the
discontinuation of PPIs[342].

Cobblestone-like mucosa refers to the manifestation of numerous, approximately
3-5 mm-sized, irregular, elevated mucosal lesions in the gastric bodyl34344] (Figure
4A-C). This distinctive mucosal pattern has a similar coloration as that of contiguous
mucosa and is typically discerned as interspersed among the gastric folds. This
represents a histopathological alteration attributable to prolonged PPI use. The
histopathological characterization of the cobblestone-like mucosa involves the
presence of parietal cell protrusions and cystic dilatation of the fundic glands, with
these changes particularly accentuated in non-atrophic gastric regions.

Prolonged usage of PPIs induces the formation of black spots in the gastric
mucosa, which are discerned as diminutive, dark, dot-like lesions on EGD (Figure
4D and E)45l. Histopathologically, these spots are characterized by the entrapment of
brownish substances within the dilated lumina of the expanded fundic gland cysts.
The cystic dilatation of fundic gland cysts induced by the use of PPIs is strongly
posited as a key etiological factor contributing to the development of black spots.

The term “white globe appearance” is defined as a small (< 1 mm) white globe-
shaped feature located beneath the gastric epithelium, observed during magnifying
endoscopic observation with narrow band imagingl4¢l. This feature is associated with
early gastric cancers and is often detected near the demarcation line. It indicates
cancers with a differentiated component. Conversely, a white globe appearance has
also been noted in the gastric mucosa of non-cancer patients with autoimmune

gastritis or during PPI usel¥4! (Figure 4F and G).

MEDICATION-INDUCED GASTRIC EROSIONS AND ULCERS

Gastric mucosal damage caused by NSAIDs has long been recognized. The
mechanism involves several complex interactionsl!344. NSAIDs inhibit
cyclooxygenase and subsequently reduce the synthesis of prostaglandins, which
play a protective role in maintaining the integrity of the gastric mucosa. NSAIDs

cause vasoconstriction and thereby reduce the blood flow, which compromises the
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delivery of oxygen and nutrients to the gastric mucosa, resulting in mucosal
damage. Some NSAIDs have direct toxic effects on the gastric mucosa.
Epidemiological investigations have shown that the relative risk for the
development of gastrointestinal complications escalates in patients concomitantly
administered with corticosteroids and NSAIDsP?51l, Similar to pill-induced
esophagitis, bisphosphonates, iron tablets, and doxycycline directly irritate the
gastric mucosa due to the chemical properties of the drug and its direct contact with

the lining of the stomach.

PSEUDOMELANOSIS OF THE STOMACH

Pseudomelanosis is an infrequent and benign pathological condition in which a dark
pigment accumulates within macrophages located in the lamina propria. Unlike
melanosis coli, the onset of gastric pseudomelanosis is unrelated to laxative use, but
is thought to be associated with diuretics, beta-blockers, and iron supplementation.
While gastric pseudomelanosis induces alterations in mucosal coloration, patients
are devoid of accompanying clinical symptoms and do not manifest mucosal
damage such as erosions or ulcers[5255l. Deemed a benign condition, a diagnosis of
gastric pseudomelanosis does not necessarily mandate any modification in the

prescribed medication.

OLMESARTAN-RELATED GASTRIC MUCOSAL INFLAMMATION

Olmesartan, an angiotensin Il receptor antagonist commonly used to treat
hypertension, induces enteropathy with sprue-like symptoms. Although infrequent,
olmesartan has been reported to induce lymphocytic, collagenous, or chronic

gastritis/1856-59],

LANTHANUM DEPOSITION IN THE STOMACH

Lanthanum carbonate is wused for the therapeutic management of
hyperphosphatemia, primarily in patients with chronic renal insufficiency. White
lesions are characteristic endoscopic features indicative of gastric lanthanum

deposition(6t-67l. These whitish deposits are easily discernible through narrow band
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or blue laser imaging. We have elucidated that the endoscopic manifestations of
gastric lanthanum deposition vary between mucosa with and without atrophy. In
non-atrophic mucosa, lanthanum was initially deposited on the posterior wall to the
greater curvature of the gastric body, presenting as diffuse white lesions, the extent
of which increased over time (Figure 5A and B). The susceptibility of the posterior
wall to the greater curvature of the gastric body suggests that the active ingredient of
the orally ingested lanthanum remains in prolonged contact with this region.
Conversely, in atrophic mucosa, particularly with intestinal metaplasia, lanthanum
deposition manifested as circular or granular white lesions (Figure 5C and D), and
the extent of lanthanum deposition increased concurrently with the expansion of the
intestinal metaplasia. The increased permeability of lanthanum in areas with
intestinal metaplasia compared to that in normal mucosa may facilitate its
deposition on the gastric mucosa. We speculate that the multifocal occurrence and
mosaic-like distribution of intestinal metaplasia result in the circular or granular
appearance of lanthanum deposition. Confirming a history of ingestion of
lanthanum carbonate is essential for diagnosing this condition.

The pathological significance of lanthanum deposition in the human gastric
mucosa remains unclear. To date, there have been no reports of health impairments
associated with gastric lanthanum deposition, suggesting that the diagnosis of
gastric lanthanum deposition does not necessarily mandate the discontinuation of
lanthanum carbonate intake. However, the long-term prognosis of this condition is

currently unknown, and ongoing follow-up of individual cases is desirable.

ZINC ACETATE HYDRATE TABLET-INDUCED GASTRIC LESIONS

Zinc acetate tablets are used to treat zinc deficiency and Wilson’s disease. We found
that approximately two-thirds of the patients subjected to oral administration of zinc
acetate tablets manifested gastric mucosal injuries characterized by mucosal
erythema, erosions, white patches, and ulcersl8! (Figure 6). Localization occurred
predominantly in the middle third region, followed by the upper third region.

Owing to the potential occurrence of hemorrhagic gastric ulcers, patients
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undergoing oral administration of zinc acetate hydrate should be monitored for

gastric mucosal damage.

IRAE GASTRITIS

Immune checkpoint inhibitors can alleviate T-cell deactivation by reinstating the
immune response against tumor cells. However, systemic activation of immune cells
simultaneously induces self-reactive T cells in organs other than the tumor,
potentially leading to the onset of irAEs in various organs. Among the immune
checkpoint inhibitor-induced gastrointestinal injuries, irAE colitis is well
recognized!®l. Although the incidence of irAE gastritis is presumed to be lower than
that of irAE colitis, endoscopic features of erythema, white exudates, and friable
mucosa have been documented (Figure 7)[70-77l. The destruction of the glandular
structure is visible upon magnifying observation with narrow band imaging[78l. If
such lesions are observed after the administration of immune checkpoint inhibitors,
the possibility of irAE gastritis should be considered. In irAEs, the prompt cessation
of the causative agent does not consistently lead to rapid symptom amelioration and

often necessitates the ad ministration of steroids.

OLMESARTAN-ASSOCIATED SPRUE-LIKE ENTEROPATHY

Olmesartan-associated sprue-like enteropathy denotes a condition associated with
the usage of olmesartan, an angiotensin II receptor blocker. Sprue-like enteropathy is
characterized by symptoms resembling those of celiac disease, such as chronic
diarrhea, weight loss, and malabsorption of nutrients. Unlike in celiac disease, these
symptoms persist even with a gluten-free diet. Villous atrophy, crypt hyperplasia,
and inflammation are discernible in biopsied specimens!”8!l. Consequently, if a
patient presents with persistent diarrhea, weight loss, and malabsorption,
particularly when using olmesartan, duodenal biopsy, along with EGD, is essential
for the evaluation of these characteristic pathological features and for diagnosis.
Discontinuation of olmesartan typically resolves the symptoms and mucosal

changes.
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PSEUDOMELANOSIS OF THE DUODENUM

A black to dark brown pigmentation can be observed in the duodenum, termed
duodenal pseudomelanosis (Figure 8)[5482-851. This condition is often observed in
patients with chronic diseases such as hypertension, chronic kidney failure, and
diabetes. A history of oral iron supplementation, antihypertensive agents
(hydralazine), diuretics (thiazides, furosemide), and beta-blockers was noted in most
cases. As mentioned in the section on gastric pseudomelanosis, this condition is

considered benign and a change in oral medications is not necessarily required.

LANTHANUM DEPOSITION IN THE DUODENUM

Lanthanum deposition in the duodenum refers to the accumulation of lanthanum in
patients with chronic kidney disease taking lanthanum carbonate as a phosphate
binder to treat elevated phosphate levels. The representative endoscopic feature is
the presence of whitish discoloration of the villi, displaying numerous pinpoint or
dot-like white deposits (Figure 9)8-88]. Although this discoloration is a notable
finding, the clinical significance of lanthanum deposition in the duodenum is still
not fully understood, and its presence does not necessarily indicate pathology or

adverse effects.

CONCLUSION

Diagnosing drug-induced mucosal alterations in the upper gastrointestinal tract is
important for several reasons. First, in cases where a specific drug is identified as
causing alterations in the esophageal, gastric, and duodenal mucosa, reassessment of
treatment strategies is imperative. Discontinuation of the causative medication is
generally recommended for patients presenting with symptoms or displaying
evident mucosal damage, such as ulcers. If discontinuation of the causative agent
proves challenging, dose reduction or transitioning to a medication with similar
effects should be considered. Additionally, in the presence of lesions such as ulcers
or erosions, acid-suppressing agents and mucosal protective agents may be
administered. Second, establishing a diagnosis enables discerning whether

gastrointestinal symptoms are attributable to a particular drug, prevents
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unnecessary examinations aimed at excluding other diseases, and facilitates the
identification of appropriate interventions. In conclusion, the diagnosis of drug-
induced upper gastrointestinal tract lesion is crucial for ensuring patient safety and
facilitating appropriate medical management. Understanding the characteristic
endoscopic images presented in this paper and conducting a thorough diagnosis will

enable the implementation of suitable treatments and preventive measures.
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