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Background and Study Aims: Gastric cancer is diagnosed by endoscopy but false negative rates of up to
10% in the west and 40% in Asia have been reported. In Lebanon, little is known about the rates of
post-gastroscopy gastric cancer (PGGC), defined as the proportion of patients diagnosed with gastric can-
cer with a negative previous examination within 2 years of diagnosis. We aimed to examine the rate of
PGGC and its risk factors, clinico-pathologic and endoscopic characteristics at a University medical
Center.
Patients and Methods: Retrospective analysis of patients with histologically proven gastric malignancy
over the last 14 years. Patients with history of upper endoscopy preceding the index diagnostic endo-
scopy by 6 to 24 months were included.
Results: 18,976 patients underwent upper endoscopy and gastric cancer was diagnosed in 323 (1.7%). Of
those, only 4 (1.2%) had a preceding endoscopy within 6 to 24 months of diagnosis: 3 adenocarcinoma
and one MALT lymphoma. Upon review of the initial endoscopy, a mucosal abnormality had been noted
in all 4 patients and biopsies taken in 3 were negative for cancer. The mean time to cancer diagnosis was
8 months (range 6–13 months).
Conclusion: A small proportion of gastric carcinomas are missed on endoscopy in this study. Patients with
endoscopic evidence of mucosal abnormalities and negative biopsies should undergo repeat examination
with multiple biopsies. Proper endoscopic technique, lesion recognition and adoption of performance
improvement measures are important to optimize endoscopic practice.

� 2021 Published by Elsevier B.V. on behalf of Pan-Arab Association of Gastroenterology.
Introduction

Gastric cancer (GC) poses a large burden on healthcare systems
globally. Despite decreases in incidence and mortality, it remains
the fifth most common malignancy and the third leading cause
of cancer death globally, with over 1 million diagnosed cases and
783,000 deaths in 2018 [1]. The 5-year survival rate is 31% in the
United States [2], and this poor prognosis is due to the large pro-
portion to metastatic disease on diagnosis. Only 28% of cases are
confined to the primary site at the time of staging [2], and locally
confined malignancies have a much better 5-year survival rate of
68.8% [2]. Mass screening for GC is only done in countries where
there is a high incidence of gastric cancer, such as Japan and Korea
[3]. In Japan, one prospective study showed an association between
screening and improved mortality from GC, highlighting the
importance of early detection [4]. Early detection can also allow
for organ-preserving endoscopic resection, avoiding the morbidity
and mortality associated with gastrectomy [5].

Gastric cancer (GC) represents the sum of advanced gas-
tric cancer and early gastric cancer. Early GC can prove difficult to
detect visually, as detection often relies on the observation of sub-
tle changes in the gastric mucosa and requires considerable expe-
rience, enhanced visualization of the stomach, and systematic
endoscopic mapping [6]. Studies have shown that a significant pro-
portion of gastric cancers are missed with reported false negative
rates of 1–10% in Western countries [7–12] and 18–40% in Asia
[13–17]. False negatives lead to diagnostic delay, and since staging
at diagnosis is the most important prognostic factor for GC, it is
important to minimize these false negatives.

In Lebanon, the incidence rates of GC for the period 2003–2008
were 8.1 and 6.7 per 100,000 for men and women respectively
[18]; these numbers are projected to rise to 9.3 and 7.7 per
100,000 by 2020 [18]. Lebanon is a country with a High Develop-
ment Index (HDI) [19], and the average rate of gastric cancer in
countries with HDI is 20 per 100,000 [1]. In the Middle East, GC
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incidence rates are heterogeneous reaching as high as 26.1 per
100,000 in Iran to 3.4 per 100,000 in Egypt. Lebanon appears there-
fore to have a relatively low incidence rate of gastric cancer when
compared to countries of geographical proximity and developmen-
tal similarity.

This study was designed to calculate the Post-Gastroscopy Gas-
tric Cancer (PGGC) rate defined as the rate of patients with con-
firmed GC with a prior false negative gastroscopy within 2 years
of the initial endoscopy. A false-negative EGD was defined as one
where GC was not diagnosed on initial endoscopy or pathology
and was subsequently diagnosed on pathology up to 24 months
later. The doubling time for gastric cancer is 2–3 years [20], and
this doubling time has been used in many studies to define the
interval for missed cancers, as cancers diagnosed 2–3 years follow-
ing an initial negative endoscopy would have been present on the
initial gastroscopy [21]. Secondary objectives were to evaluate the
risk factors, clinico-pathologic, and endoscopic characteristics of
missed gastric cancer after negative endoscopy, as a better under-
standing of the underlying reasons for PGGC will help improve can-
cer detection and lead to better outcomes.
Patients and Methods

This is a retrospective study involving a cohort of patients diag-
nosed with gastric adenocarcinoma or lymphoma over the last
14 years at the American University of Beirut Medical Center
(AUBMC). Inclusion criteria included any patient who had com-
pleted an upper GI endoscopy within the past 14 years at the
American university of Beirut. Of those patients, patients with
biopsy-proven primary gastric malignancies were identified, and
an independent administrator assessed the list of patients in order
to identify those with EGD preceding the index diagnostic endo-
scopy by 6 to 24 months (Fig. 1). The research team then reviewed
de-identified records in order to calculate the PGGCR. The team
also reviewed the endoscopy reports of the patients with PGGC
in order to determine the indication for the original endoscopy,
Fig. 1. Patient selec
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the endoscopic findings and the indication for the second endo-
scopy. The delay in cancer diagnosis was calculated by counting
the days between the two endoscopies. The study was approved
by the Institutional Review Board at the American University of
Beirut.

Results

Between 2014 until 2017, 18,976 patients underwent EGD at
AUBMC. Gastric cancer was diagnosed subsequent to the proce-
dure in 323 cases (1.7%). Of those, 4 patients (3 adenocarcinoma
and one MALT lymphoma) had an EGD 6 to 24 months prior to
diagnosis, for a PGGCR of 1.2%. On initial endoscopy, a mucosal
abnormality was noted in all 4 cases and initial biopsies taken in
3 were negative for cancer (Fig. 2, Fig. 3., Fig. 4.andFig. 5.). The
fourth patient had a 3 mm slightly depressed red lesion in the gas-
tric corpus considered an angiodysplasia by the endoscopist and
not biopsied. The patients’ mean age was 71 years at the time of
the first gastroscopy and mean time to cancer diagnosis was
8 months (range 6–13 months). Concerning location, 2 lesions
were in the distal body or antrum, one was diffuse, and the 4th
was found in the proximal body (Table 1).

Discussion

While many studies from the East and West have been con-
ducted on missed gastric cancer, our study is the first to assess
the false negative rate in a Middle Eastern population. Our results
indicate that 1.2% of endoscopies done at our institution yielded a
missed diagnosis of a gastric malignancy. Of interest, all 4 patients
had endoscopic lesions that were recognized as abnormal leading
to biopsies in 3 patients. This underscores the need for repeated
examination and obtaining adequate biopsies to exclude gastric
malignancy once a lesion is identified. Our PGGC is remarkably
lower than the estimates found in other studies (Table 2). Previous
studies from Eastern and Western populations have shown a
tion flowchart.



Fig. 2. (A): First endoscopy showing a small red slightly depressed lesion in the upper corpus identified at the time as an arteriovenous malformation (angiodysplasia) and
not biopsied. (B) Second endoscopy 13 months later shows an irregular ulcer with raised borders and spontaneous bleeding at the same location. Biopsies confirmed
adenocarcinoma.

Fig. 3. (A)First endoscopy showing a large deep prepyloric ulcer. Biopsies were negative for malignancy. (B) Second endoscopy 7 months later shows an irregular necrotic
mass with food residue. Repeat biopsies confirmed the diagnosis of adenocarcinoma.
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higher false negative rate in the East than the West, with reported
false negative rates of 18–40%[13–17]. and 1–10% [7–12] on upper
gastrointestinal endoscopy respectively. These differences are
likely due to the increased detection of early gastric cancer by
physicians in Asia.

There are many possible reasons for the low miss rate in our
study. First, our center is a tertiary-care center with experienced
academic endoscopists, and this may have contributed to the low
rate. Second, our study was not designed to detect patients who
may have been diagnosed with a PGGC at a different institution,
and as a result we may have missed some cases diagnosed else-
where. Third, Lebanon has a low incidence rate of gastric cancer,
and that may have decreased the miss rate. Finally, there is consid-
erable heterogeneity amongst the studies that makes comparison
amongst populations difficult. These studies utilized different
intervals and different definitions of what constitutes a missed gas-
tric cancer.
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The missed cases we detected had an average diagnostic delay
of 8 months. The low number of cases limits the validity of inter-
preting this average time. However, in the literature, median
delays vary from 2 to 12.6 months, and our delay is within this
range. Voutilainen et al. reported that there was no difference in
mortality between patients with non-missed or missed carcino-
mas, but this study was insufficiently powered to detect a differ-
ence [10]. Chadwick et al. also did not find any differences in
treatment regimens or 1 year survival [9]. However, one study in
Japan showed that the median duration of progression from early
gastric cancer to advanced gastric cancer was 37 months, meaning
that an 8 month delay may be significant contributor to progres-
sion and ultimately to mortality [22]. Further research is needed
to better understand the burden that missed gastric cancers pose
on morbidity and mortality.

Due to the low number of missed gastric cancers, we were
unable to draw conclusions about risk factors, endoscopic and clin-



Fig. 4. (A): First endoscopy shows thickening, edema, and erythema of the gastric folds. Biopsies were negative for malignancy. (B) Second endoscopy 6 months later shows
ulcerated distal body/antral lesion with apparent diffuse infiltration. Repeat biopsies confirmed the diagnosis of adenocarcinoma.

Fig. 5. (A)First endoscopy shows multiple superficial ulcerations in the incisura and distal body. Biopsies were negative for malignancy. (B) Second endoscopy 6 months later
shows a focal area of erythema, edema, and focal erosions in the antrum and incisura. Repeat biopsies confirmed the diagnosis of MALT lymphoma.

Table 1
Patient characteristics and endoscopic findings at first and second endoscopy.

Age/Gender Indication for 1st endoscopy Reported findings on 1st endoscopy Indication for 2nd endoscopy Delay in cancer diagnosis (Months)

74/Male Anemia Gastric angiodysplasia Anemia 13
75/Male Epigastric pain 1.5 cm clean-based antral ulcer Epigastric Pain + Early Satiety 7
74/Female Nausea and vomiting Non-erosive gastropathy Vomiting 6
62/Female Epigastric pain and heartburn Erosive and nodular gastritis Epigastric pain 6
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icopathologic characteristics of missed gastric cancers. However, it
is important to note that in the initial evaluation of 3 out of the 4
missed cases, targeted biopsies were taken from the abnormal
areas in the stomach, but histological analysis did not reveal malig-
nancy. The endoscopists may have taken inadequate biopsies, or
pathological analysis was unable to identify a malignancy. Risk fac-
tors for missed gastric cancers in the literature have included short
duration of endoscopy, small tumor size [11], lesion location [15],
lesion morphology [15], and quantity of biopsies < 4 [15]. In our
study, the mean age of patients with PGGC was 71. We suggest a
low threshold for performing multiple biospies for any suspicious
lesion as well as close follow-up in older patients.
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While the PGGC rate at our institution remains very low, its
presence is nevertheless concerning, as are the high rates found
in other studies. Measures to improve the detection rate of GC in
upper endoscopy are needed. Experts have recommended drawing
lessons from Japanese upper endoscopy practice, as Japan leads the
world in high-quality diagnostic endoscopy, and Japanese practice
differs substantially fromWestern practice [5]. They recommended
focused training on the detection of subtle appearances of early
upper GI cancer detection [5]. These include protrusions, redness,
depression, erosion, convergence, scarring, loss of vascular pattern
or bleeding. They also recommend the use of mucosal washing
agents and anti-peristaltic agents, the use of appropriate sedation



Table 2
Review of the Literature on Post-gastroscopy Gastric Cancer (PGGC).

Study author(year) Country Interval (months) Anatomic Site Mean Delay(months) PGGCRN (%)

Choi, 2015 [13] Korea 12 Gastric NR 1083/3498 (40.0)
Cho, 2011 [14] Korea 24 Gastric 13 52/284 (18.3)
Hosokawa, 1998 [16] Japan 36 Gastric 24 188/730 (25.8)
Hosokawa, 2007 [17] Japan 36 Gastric NR 155/659 (18.1)
Ren, 2013 [15] China 3 Gastric 5 23/103 (22.2)
Amin, 2002 [7] UK NR Gastric 3* 18/129 (13.9)
Voutilainen, 2005 [10] Finland 42 Esophageal + Gastric 16 13/284 (4.6)
Vradelis, 2011[8] UK 36 Gastric 8* 6/74 (8.1)
Khalil, 2014 [11] USA 12–36 Esophageal + Gastric NR 1/94 (1.1)
Chadwick, 2015 [9] UK 3–36 Gastric NA 225/2727 (8.3)
Yalamarthi, 2004 [12] UK 36 Esophageal + Gastric 14 30/305 (9.8)
Raftopolous, 2010 [25] Australia 3 Esophageal + Gastric+ Duodenal 4.8 55/706 (7.8)
Current Study Lebanon 24 Gastric 8 4/323 (1.2)

Abbreviations
NR = Not Reported. *Median
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to allow endoscopists adequate surveillance of the gastrointestinal
tract, examination of the upper GI tract with routine high defini-
tion white light photo-documentation, and a minimum procedure
time of 8 min when detection of upper GI cancer is the main aim
[5]. The examination of the stomach should be done through sys-
tematic screening protocols. One protocol put forth by Yao offers
a minimum required standard. In the antegrade view of the stom-
ach, photos should be taken of the 4 quadrants of the stomach: the
gastric antrum, body and middle-upper body. In retroflex view,
photos should be taken of the 4 quadrants of the gastric fundus
and cardia, as well as 3 quadrants of the gastric mid-upper body
and incisura [23].

In addition to the increased focus on the detection of gastric
malignancies, it is also important for endoscopic services to ensure
that the quality of endoscopic practice is maintained. The European
society for gastroenterology (ESGE) and United European Gas-
troenterology (UEG) have pointed to the heterogeneity in the qual-
ity of endoscopy as a cause for the discrepancy in missed rates of
gastric cancers reported in studies. The two societies have pub-
lished performance measures to standardize and improve the qual-
ity of EGD [24], and we recommend that endoscopy units follow
these recommendations in order to decrease cases of missed gas-
tric cancers.

Our study has a few limitations. It is a single center study from
an academic university hospital in Lebanon, limiting the generaliz-
ability of our findings. As a retrospective cohort study, we could
not rule out the possibility of attrition bias, as we were unable to
follow up on patients who may have been lost to follow-up or
who were subsequently diagnosed with GC elsewhere.

In conclusion, based on a retrospective study at a tertiary med-
ical center in Lebanon, we found that only a small proportion of
gastric malignancies is missed on gastroscopy. In patients with
endoscopic evidence of important or suspicious mucosal abnor-
malities and negative biopsies, repeat EGD with multiple biopsies
is warranted. The effect of the delay in diagnosis is unknown,
and further research is required to demonstrate the burden this
delay places on morbidity and mortality. In light of the presence
of PGGC at our institution and the high rate globally, it is important
to take measures to reduce PGGC, by drawing on the Japanese
experience and by adopting performance improvement measures
in order to standardize and optimize endoscopic practice.
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