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Abstract
Introduction  The incidence of esophageal cancers is increasing in many Western countries and the rate of missed 
esophageal cancers (MEC) at upper endoscopy is of concern. We aimed to calculate the MEC rate and identify factors 
associated with MEC.

Methods  This was a retrospective population-based cohort study including 613 patients diagnosed with esophageal 
cancer in Central Norway 2004–2021. MEC was defined as esophageal cancer diagnosed 6–36 months after a non-
diagnostic upper endoscopy. Patient characteristics, tumor localization, histological type and cTNM stage were 
recorded. Symptoms, endoscopic findings, use of sedation and endoscopists experience at the endoscopy prior to 
esophageal cancer diagnosis and at the time of diagnosis were recorded. The association between these factors and 
MEC was assessed.

Results  Forty-nine (8.0%) of 613 cancers were MEC. There was a significant increase in annual numbers of 
esophageal cancer (p < 0.001) as well as of MEC (p = 0.009), but MEC rate did not change significantly (p = 0.382). The 
median time from prior upper endoscopy to MEC diagnosis was 22.9 (12.1–28.6) months. MEC patients were older 
and were diagnosed with disease with a lower cTNM stage and cT category than non-missed cancers, whereas tumor 
localization and histological type were similar between the groups. The use of sedation or endoscopist experience 
did not differ between the endoscopy prior to esophageal cancer diagnosis and at the time of diagnosis. High 
proportions of MEC patients had Barrett’s esophagus (n = 25, 51.0%), hiatus hernia (n = 26, 53.1%), esophagitis (n = 10, 
20.4%) or ulceration (n = 4, 8.2%). Significant proportions of MECs were diagnosed after inappropriate follow-up of 
endoscopic Barrett’s esophagus, histological dysplasia or ulcerations.

Conclusions  The annual number of MEC increased during the study period, while the MEC rate remained 
unchanged. Endoscopic findings related to gastroesophageal reflux disease such as esophagitis and Barrett’s 
esophagus were identified in a high proportion of patients with subsequent MECs. Cautious follow-up of these 
patients could potentially reduce MEC-rate.
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Introduction
Esophageal cancer is the eight most common cancer 
worldwide and esophageal cancer causes the sixth high-
est number of deaths per year, which makes it one of 
the most fatal malignancies [1]. Adenocarcinomas and 
squamous cell carcinomas account for more than 95% of 
esophageal cancers. In Western populations adenocar-
cinomas are dominant, with important risk factors such 
as obesity, smoking and gastroesophageal reflux disease 
(GERD) [2]. The incidence of esophageal cancer overall in 
Norway is rising and has increased by 20% over the past 
two decades [3]. A similar increase in age-standardized 
incidence rate is also seen in other Western countries 
over the last three decades, ranging from 6.7 to 86.6% 
[4]. While the incidence of squamous cell carcinoma has 
decreased, the incidence of adenocarcinoma is increas-
ing, particularly amongst men [5]. In Norway, adeno-
carcinomas accounted for 75–80% of the annual cases in 
2017 while squamous cell carcinomas (SCC) accounted 
for approximately 20% [6]. The mortality rate of esopha-
geal cancer is high. The total five-year relative survival of 
the Norwegian patients including all disease stages was 
29.8% for women and 22.2% for men in 2021 [3].

Esophageal cancer is often diagnosed at an advanced 
stage, the main reason being the lack of early clinical 
symptoms [7]. Amongst the patients who develop symp-
toms, the most common presenting symptoms are dys-
phagia alone, or dysphagia accompanied by unintentional 
weight loss [2]. Tumor stage at diagnosis is the main 
prognostic factor, and while the primary tumor may be 
small, the risk of lymph node metastases increases con-
siderably with submucosal invasion > 1000  μm [8].  An 
earlier diagnosis is therefore important to improve sur-
vival. Unfortunately, small tumors are often asymptom-
atic and early symptoms may be subtle and unspecific [9]. 
Esophagogastroduodenoscopy with biopsy is the stan-
dard procedure for diagnosing esophageal cancer [10]. 
Several studies have questioned the efficacy of upper 
endoscopy for diagnosis of early-stage esophageal neo-
plasms [9, 11–13]. A population-based study in England 
found that 7.8% of diagnosed esophageal cancers had 
undergone negative endoscopy 3 to 36 months prior 
to diagnosis [12]. Another study showed that missed 
esophageal cancer (MEC) rate, defined as esophageal 
cancer detected within 36 months after negative upper 
endoscopy, was 6.4% [9]. Further studies are important to 
assess the quality of upper endoscopies in countries with 
increasing incidence of esophageal cancer as well as to 
identify risk factors for MEC. The aim of this study was 
therefore to calculate the rate of missed esophageal can-
cer as well as to identify factors associated with missed 
cancers.

Materials and methods
Study design, setting, participants and data source
This was a retrospective cohort study of patients with 
esophageal cancer in Central Norway diagnosed between 
01.01.2004 and 31.12.2021. Participants were identi-
fied by a search in the Cancer Registry of Norway, using 
International Classification of Diseases (ICD)-10 codes 
C15.x. and esophageal cancer cases and histological type 
reported to the Cancer Registry of Norway were veri-
fied by manual review of the electronic medical records. 
Esophageal cancer was defined as a primary cancer in the 
esophagus and the initial population-based cohort con-
sisted of 625 patients. Subsequently, clinical and disease 
variables were extracted from medical records. We per-
formed a search to identify upper endoscopies performed 
within the time interval 6  to 36 months before the can-
cer diagnosis using the upper endoscopy Nomesco Clas-
sification of Surgical Procedures (NCSP) codes JUD02, 
JUD05, UJD02 and UJD05. In addition, medical records 
up to 36 months prior to the esophageal cancer diagno-
sis were reviewed for previous endoscopy reports. Upper 
endoscopies in Central Norway from 2004 to 2021 were 
performed using Olympus endoscopes GIF-160/H180/
Q180/HQ190.

Variables
MEC was defined as incident esophageal cancer diag-
nosed 6 to 36 months after a previous upper endoscopy 
where cancer was not diagnosed [14] (Fig.  1). Patients 
who underwent an endoscopy less than 6 months prior 
to esophageal cancer diagnosis were excluded, as a pro-
portion of such endoscopies were a planned intensified 
follow-up leading to a diagnosis.

The date of esophageal cancer diagnosis was defined 
as the date of the upper endoscopy where a lesion 
was described as suspicious of cancer and biopsied or 
described as a macroscopic cancer, but insufficiently 
biopsied and not re-biopsied due to e.g. short life expec-
tancy. In patients where esophageal cancer was found at 
autopsy, the date of diagnosis equaled the date of death. 
In patients with histological high-grade dysplasia in biop-
sies, but the subsequent resection specimen was a his-
tological adenocarcinoma, the date of cancer diagnosis 
was recorded as the date when high-grade dysplasia was 
found. The patient group with non-missed cancers was 
used as control group.

Tumor localization was categorized according to 
ICD10-codes from C15.3 to 15.9 reported to the Can-
cer Registry of Norway, giving five different localiza-
tions; upper third, middle third, lower third, overlapping 
lesions and not specified. In patients with unspecified 
localization (C15.9) the medical records were reviewed to 
localize the tumor based on endoscopic findings or cross-
sectional imaging. Histological types were grouped into 
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four categories: adenocarcinoma, squamous cell carci-
noma, neuroendocrine tumor and malignant tumor other 
than those specified above. Twelve lesions with insuffi-
cient evidence of being a primary esophageal malignant 
tumor or being exceptionally rare (one malignant mela-
noma and a hemangiosarcoma) were excluded from fur-
ther analyses and the final study cohort thus consisted of 
613 patients. The clinical TNM (cTNM) of each cancer 
was staged according to the UICC 8th edition [15].

Macroscopic and histological findings at the upper 
endoscopy preceding the diagnosis of cancer were 
recorded and classified as normal, tumor, esophagitis, 
ulceration, Barrett’s esophagus, hiatus hernia and his-
tological low-grade or high-grade dysplasia. The indi-
cations for endoscopy were recorded and classified as 
dysphagia, gastrointestinal bleeding (defined as either 
occult bleeding with microcytic anemia, overt bleeding 
or hematemesis), heart burn and unintentional weight 
loss. The endoscopists experience was classified as either 
junior endoscopist (under training) or senior endoscopist 
(specialist). The use of sedation (classified as no sedation, 
i.v. conscious sedation, deep sedation with propofol or 
intubation anesthesia) and the hospital level classified as 
regional (St. Olav’s Hospital, Trondheim University Hos-
pital) or local hospital (all other endoscopy units) were 
also recorded.

Statistical methods
Continuous variables were presented as median (inter 
quartile range (IQR)) or mean ± standard deviation (SD) 
depending on distribution and groups were compared 
using the Mann-Whitney or Students t-test. Categori-
cal variables were analyzed by χ² or Fischer exact test to 
identify differences between groups. Linear regression 
analysis was used to assess change in annual number of 
esophageal cancer and MEC during the study period. 
P-values < 0.05 were considered significant. Statistical 
analyses were conducted using SPSS version 29 (IBM, 
Armonk, NY, USA).

Results
Among the 613 patients in the study cohort, 49 (8.0%) 
patients had undergone an upper endoscopy 6 to 36 
months prior to the date of diagnosis, defined as MEC.

Patient and characteristics
Median age of the entire cohort was 70.5 (63.6–79.3) 
years, with 461 (75.2%) of the patients being males 
(Table  1). MEC patients were older than patients with 
non-missed cancers (74.0 years vs. 70.1 years, p = 0.007), 
whereas sex did not differ significantly between MEC and 
non-missed cancers.

Tumor localization and histological type
The majority (64.9%) of tumors were localized in the 
lower third of the esophagus. Tumor localization did not 
differ significantly between MEC and non-missed can-
cers (p = 0.225). Similarly, adenocarcinomas constituted 
the largest proportion (57.7%) of cancers, but histologi-
cal types did not differ between MEC and non-missed 
cancers (p = 0.372) (Table  1). The category malignant 
tumor consisted of macroscopic cancer for various rea-
sons without a certain histological verification (n = 12) 
and unspecified carcinoma (n = 18). All patients without 
a certain histological cancer diagnosis had typical find-
ings at an upper endoscopy and at cross-sectional imag-
ing indicating esophageal cancer – in most cases with 
advanced disease and / or old age .

cTNM stage
The majority of patients in the entire cohort had 
advanced disease with 52.9% being in stage IV, whereof 
metastatic disease (IVb) was more frequent than 
stage IV caused by advanced T- and N- category (IVa) 
(Table 1). A minor proportion of the patients (8.0%) did 
not have cross-sectional imaging or imaging of insuf-
ficient quality for cTNM-staging, however these pro-
portions were equivalent among MEC and non-missed 
cancers (Table 1). Patients with MEC had a significantly 
lower disease stage overall at diagnosis compared to 

Fig. 1  Missed esophageal cancer was defined as cancer diagnosed 6 to 36 months after an upper endoscopy where cancer was not diagnosed
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non-missed cancers (p = 0.0003). This difference was 
driven by missed cancers being more frequent in stage I 
(20.4% versus 5.5%) and less frequent in stage IV (32.7% 
versus 54.6%) at the time of diagnosis, compared to non-
missed cancers. The T-category was significantly lower in 
MEC than in non-missed cancers overall, p = 0.0003. This 
difference was related to MEC being more frequently 
categorized as T1 (20.4% versus 5.9%) or T2 (20.4% ver-
sus 13.5%) and less frequently as T4 (6.1% versus 22.7%) 
compared to non-missed cancers.

Symptoms in patients with missed cancers
Alarm symptoms at the upper endoscopy prior to esoph-
ageal cancer diagnosis were reported in 24 (49.0%) of 
the patients. The most common symptom at the prior 
endoscopy was gastrointestinal (GI)-bleeding, followed 
by heartburn. There was a significantly higher propor-
tion of patients with alarm symptoms at diagnosis com-
pared to at the prior endoscopy (p < 0.001) (Table  2). 
The most common symptom at diagnosis was dysphagia 
(51.0%), followed by unintentional weight loss (46.9%). A 

proportion of patients had a combination of symptoms, 
the most common combination was dysphagia and unin-
tentional weight loss (n = 15, 30.6%).

Findings at upper endoscopy in patients with missed 
cancers
The most common findings at the endoscopy prior to the 
MEC diagnosis was Barrett´s esophagus found in 25 of 
49 patients (51.0%) and hiatus hernia found in 26 of 49 
patients (53.1%) (Table  2). A total of 40 patient (81.6%) 
had one or more findings associated with GERD, con-
sisting of hiatus hernia, esophagitis, Barrett’s esophagus, 
ulceration or various combinations of these findings. 
Amongst the 25 patients with Barrett’s esophagus, 18 
patients also had hiatus hernia. Eight patients (16.3%) 
had low-grade dysplasia and two patients (4.1%) had 
high-grade dysplasia in biopsies collected at the prior 
endoscopy.

Forty-one (83.7%) patients had a macroscopic tumor 
at the endoscopy at diagnosis. The endoscopic finding in 
the remaining eight (16.3%) patients was esophagitis or 

Table 1  Patient demographics and tumor characteristics
Entire cohort Missed cancers Non-missed cancers p-value

Patients, n (%)* 613 (100.0) 49 (8.0) 564 (92.0)
Age at diagnosis, years 0.007
  Median (IQR) 70.5 (63.6–79.1) 74.0 (69.7–81.4) 70.1 (63.4–78.9)
Male sex, n (%) 461 (75.2) 34 (70.6) 427 (75.1) 0.326
Cancer localization, n (%) 0.225
  Upper third 67 (10.9) 7 (14.3) 60 (10.6)
  Middle third 138 (22.5) 12 (24.5) 126 (22.3)
  Lower third 398 (64.9) 28 (57.1) 370 (65.6)
  Overlapping 7 (1.1) 2 (4.1) 5 (0.9)
  Not specified 3 (0.5) 0 (0) 3 (0.5)
Histology, n (%) 0.372
  Adenocarcinoma 354 (57.7) 32 (65.3) 322 (57.1)
  Squamous cell carcinoma 211 (33.4) 16 (32.7) 195 (34.6)
  Neuroendocrine tumor 12 (2.0) 0 (0) 12 (2.1)
  Malignant tumor 36 (5.9) 1 (2.0) 35 (6.2)
cTNM-stage 0.0003
  I 41 (6.7) 10 (20.4) 31 (5.5)
  II 69 (11.2) 9 (18.4) 60 (10.6)
  III 130 (21.2) 11 (22.4) 119 (21.1)
  IV 324 (52.9) 16 (32.7) 308 (54.6)
    IVa 116 (18.9) 6 (12.2) 110 (19.5)
    IVb 208 (33.9) 10 (20.4) 198 (35.1)
  X (unknown) 49 (8.0) 4 (8.2) 45 (8.0)
cT category 0.0003
  T1 43 (7.0) 10 (20.4) 33 (5.9)
  T2 86 (14.0) 10 (20.4) 76 (13.5)
  T3 252 (41.1) 19 (20.2) 233 (41.3)
  T4 131 (21.4) 3 (6.1) 128 (22.7)
  Tx 101 16.5) 7 (14.3) 94 (16.7)
*Three patients had synchronous cancers which were counted as separate cases. Two patients with synchronous adenocarcinoma and squamous cell carcinoma, 
one patient with synchronous neuroendocrine carcinoma and adenocarcinoma. IQR: interquartile range; cTNM: clinical TNM, cT: clinical T
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ulceration with or without concomitant Barrett’s esoph-
agus that were histologically verified as cancer. Not all 
patients with Barrett’s esophagus or ulceration were 
biopsied at the endoscopy prior to esophageal cancer 
diagnosis. Twenty-eight (57.1%) patients had either Bar-
rett’s esophagus, esophageal ulcer or both at the prior 
endoscopy and 21 of these were biopsied. Among the 
seven patients that were not biopsied six patients had 
Barrett´s esophagus and one had an esophageal ulcer.

The association between MEC and endoscopist experience, 
use of sedation and hospital level
The endoscopies prior to the diagnosis, 19 (38.8%) were 
performed by junior doctors and 30 (61.2%) by senior 
doctors. The endoscopy leading to the cancer diagno-
sis was performed by junior doctors in 20 (40.8%) of the 
patients, whereas 29 (59.2%) were examined by a senior 
doctor and these difference were not significant. There 
was no significant difference between the degree of seda-
tion at the prior endoscopy and at diagnosis (Table  2). 
Finally, the MEC-rate tended to be higher at the univer-
sity hospital (10.8%) than at local hospitals (6.5%), but the 
difference was not significant (p = 0.085).

Time from prior endoscopy to EC diagnosis
The median time from prior endoscopy to diagnoses in 
the entire MEC-group was 22.9 (12.1–28.6) months. 
Out of the eight patients with low-grade dysplasia at the 
prior endoscopy the median time to diagnosis was 20.1 

(12.0–33.0) months. Two patients had high-grade dyspla-
sia at the prior endoscopy with median time to EC diag-
nosis of 12.7 (9.2–16.2) months.

Increase of MEC per year
There was an increase in annual number of esophageal 
cancer during the study period (p < 0.001). There was 
also an increase in annual number of MEC (p = 0.008), 
whereas the annual MEC rate (MEC/all esophageal can-
cers) did not change significantly (p = 0.382) (Fig. 2).

Discussion
The rate of MEC in this population-based study in Cen-
tral Norway was 8.0%. The rate is comparable to other 
Western studies, with MEC reported to account for 6.4 to 
12.7% of all esophageal cancers [9, 11–13]. Patient popu-
lations at higher risk of esophageal cancer have also been 
studied and the incidence of adenocarcinoma identified 
within one year after a nondiagnostic endoscopy in Bar-
rett’s esophagus patients has been found in the range of 
9–25% [11, 16, 17]. Various definitions of MEC have been 
used in previous studies, in particular has a time from a 
negative endoscopy to cancer diagnosis from 0 months 
[9] to 12 months been used as cut-off [18]. In the current 
study we chose a 6-month cut-off as also done by oth-
ers [14], as in some patients an endoscopy 3–4 months 
before the diagnosis of early cancer may have been a 
planned intensified follow-up of a lesion and represented 
acceptable clinical practice rather than an entirely missed 

Table 2  Symptoms and findings at upper endoscopy in 49 patients with missed esophageal cancer
Prior endoscopy Endoscopy at diagnosis p-value

Alarm symptoms, n (%)
  Any alarm symptom 24 (49.0) 40 (81.6) < 0.001
  Dysphagia 4 (8.2) 25 (51.0) < 0.001
  GI-bleeding 11 (22.4) 5 (10.2) 0.049
  Heartburn 6 (12.2) 6 (14.3) 1.000
  Weight loss UI* 5 (10.2) 23 (46.9) < 0.001
Findings, n (%)
  Normal 12 (24.5)
  Tumor 41 (83.7)
  Esophagitis 10 (20.4) 4 (8.2)
  Ulceration 4 (8.2) 4 (8.2)
  Barrett´s esophagus 25 (51.0)
  Hiatus hernia 26 (53.1)
  Low-grade dysplasia 8 (8.2)
  High-grade dysplasia 2 (4.1)
Sedation, n (%)  1.000
  No sedation 37 (75.5) 39 (76.5)
  Conscious sedation 10 (20.4) 9 (17.6)
  Deep sedation 2 (4.1) 1 (2.0)
Endoscopist, n (%)  1.000
  Junior 19 (38.8) 20 (40.8)
  Senior 30 (61.2) 29 (59.2)
*Weight loss UI = Unintentional weight loss
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lesion. For obvious reasons our knowledge about the nat-
ural course of untreated cancers is scarce. However, a few 
studies of patients who have declined treatment, but were 
still under endoscopic surveillance, have suggested that 
early esophageal cancers have a relatively slow growth 
rate compared to larger tumors. The time for a carcinoma 
in situ of a SCC or adenocarcinoma to progress to an 
advanced stage appears to be 3–5 years [19, 20] and the 
majority of early cancers were still considered superficial 
after 3 years observation time [21, 22]. In our study the 
selected time limit was 36 months and assuming the pro-
gression time as mentioned, most lesions were likely to 
have been present at the previous endoscopy. The rate of 
MEC may be used as a marker of quality in upper endos-
copies and a standardized definition that balances the 
risk of under- and overestimating the occurrence of MEC 
would facilitate comparisons between study popula-
tions and is desirable from this point of view. The annual 
numbers of esophageal cancers and MEC increased con-
siderably during the study period, but the trend towards 
increasing MEC rate was non-significant. Trends in MEC 
rate have not been reported in previous publications and 
are also of interest when monitoring quality in upper 
endoscopy.

The association between MEC and patient and disease 
variables was analyzed. The MEC rate did not differ sig-
nificantly between histological types and this finding 
correlates to other studies [12]. Although Barrett’s esoph-
agus patients undergo surveillance endoscopies, the pro-
portion of adenocarcinoma in the MEC group was not 

higher than that of SCC and neuroendocrine tumors, and 
cancers of either histological type seem to be missed to a 
similar degree.

We found that patients in the MEC-group were four 
years older than non-MEC patients at diagnosis. Other 
studies have found that younger age and female gender 
was associated with missed cancers [18]. Such differences 
may reflect the time spent on inspection of the esopha-
gus during an upper endoscopy and may differ between 
patient populations and be influenced by the indication 
for endoscopy. It may also reflect that the incidence of 
esophageal cancer increases with higher age [3]. Cancer 
localization did not differ significantly between patients 
with MEC and non-missed cancers. Some studies have 
suggested that the mid- and upper esophagus are not as 
well inspected as the lower-third [12, 13]. Chadwick et al. 
[12] found a greater proportion of patients with upper-
third cancer having an endoscopy within one year before 
diagnosis and highlighted the need for a careful inspec-
tion of this area [12, 13].

The cTNM stage of MEC was significantly lower com-
pared to the stage of non-missed cancers. There was a 
considerable higher proportion of stage I MEC com-
pared to non-missed cancers (21.4% versus 5.5%), but 
stage IV disease was also far less frequent (32.7% ver-
sus 52.9%). These marked differences in disease stage 
at diagnosis have also been observed also by others [12, 
23]. Parallelling the differences in disease stage we also 
found that MEC were diagnosed in a lower cT-category, 
with higher frequencies of T1 and T2 tumors and with a 

Fig. 2  Annual number of missed esophageal cancers (MEC) in comparison to the total number from 2004 to 2021
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lower frequency of T4. These findings may be explained 
by early-stage cancers being more likely to be overlooked 
at endoscopy whereas the diagnosis of advanced disease 
is less to be delayed long enough (3–12 months depend-
ing on the definition being used) to be classified as MEC.

At the upper endoscopy prior to MEC diagnosis, a hia-
tus hernia was described in 27 (52.9%) of our patients. 
The prevalence of hiatus hernia in a random sample of 
1000 adults in Sweden (mean age 53.5 years, 51% female) 
was 24%, which is lower than in our MEC patients [24]. 
The proportion in our study is likely to be higher than in 
a random population, and related to the strong associa-
tion between hiatus hernia, gastroesophageal reflux and 
risk of esophageal adenocarcinoma [25]. Among our 
27 patients with hiatus hernia, 18 (66.7%) patients had 
coexisting Barrett’s esophagus. In a large meta-analysis 
of 33 studies a hiatus hernia was associated with a four-
fold increased risk of Barrett’s esophagus of any length, 
and the increased risk persisted after adjusting for gas-
troesophageal reflux and body mass index [26]. The 
sequence from Barrett’s esophagus via increasing degrees 
of dysplasia to esophageal adenocarcinoma is well estab-
lished [27] and Barrett’s esophagus patients undergo sur-
veillance with regular upper endoscopies based on risk 
assessment according to guidelines that evolved during 
the study period [28]. 51% of MEC patients had Barrett’s 
esophagus at the endoscopy prior to the esophageal can-
cer diagnosis and should have been a part of a follow-
up program and undergone regular upper endoscopies, 
which could contribute to a high frequency of Barrett’s 
esophagus in MEC patients. Approximately one fifth of 
MECs were diagnosed after delayed and therefore inap-
propriate follow-up of low-grade or high-grade dyspla-
sia [29] and this seemed to be an important preventable 
factor with more consistent early follow-up endoscopies 
within e.g. three months if focal pathology is suspected.

Contrasting surveillance of Barrett’s esophagus [28], 
there are currently no guidelines regarding follow-up of 
esophageal ulcers. Although most esophageal ulcers are 
benign [30], the malignant potential of ulcers in Bar-
rett’s esophagus is well recognized [31]. Four (8.2%) of 
our patients had an ulcer at the endoscopy at the endos-
copy prior to the diagnosis whereof one was not biopsied. 
Others have also reported that esophageal ulcers were 
a frequent finding at the upper endoscopy preceding an 
esophageal cancer diagnosis [12]. In addition to thor-
ough endoscopic inspection, taking four-quadrat biopsies 
is important for detecting low-grade dysplasia, but also 
high-grade dysplasia and early invasive carcinoma as part 
of Barrett´s surveillance endoscopy [32]. There is increas-
ing evidence of slow progression of endoscopically visible 
dysplasia in patients with Barrett’s esophagus [33]. The 
importance of this is confirmed by our study, where six 
(12.2%) of the MEC-patients were diagnosed with cancer 

after an upper endoscopy where biopsy was taken from a 
Barrett’s segment without any description of malignancy. 
Notably, all patients with Barrett’s esophagus or esopha-
geal ulceration at the prior endoscopy were biopsied in 
2014–2021, which may indicate higher awareness of the 
importance of random biopsies in the recent years.

Alarm symptoms at the upper endoscopy prior to the 
esophageal cancer diagnosis were reported in 24 (49.0%) 
of MEC patients and were as expected even more com-
mon at the time of diagnosis when recorded in 40 (81.6%) 
(p < 0.001). This is consistent with alarm symptoms being 
associated with more advanced disease. The most fre-
quent symptom at diagnosis was dysphagia (51.0%), fol-
lowed by unintentional weight loss (46.9%). Tai et al. 
[34] found that esophageal cancer were missed more 
frequently when the indication for endoscopy was ane-
mia, and less commonly when performed for dysphagia. 
In our study GI-bleeding was the most common alarm 
symptom at the upper endoscopy prior to the esophageal 
cancer diagnosis. Whether the cause of GI-bleeding at 
the time of the gastroscopy was related to missed esopha-
geal malignancy is however uncertain.

It is important that the quality of endoscopies corre-
sponds with the prevalence and severity of diseases found 
in the upper GI tract. The high incidence of colorec-
tal cancer in Western populations has led to a focus on 
quality of coloscopies aiming to reduce missed colorectal 
cancers that have been reported to account for 1.8-9.0% 
of cancers [35–39]. Comparing missed colorectal cancer 
rates to MEC-rates in Western countries (6.4–12.7%) [9, 
11–13], the challenge of MEC during upper endoscopy is 
possibly even more substantial. Considering the increas-
ing incidence of esophageal cancer, it seems timely to 
readdress the quality also of esophagogastroscopy [40, 
41].

Various factors have been suggested to explain failure 
to diagnose cancer during upper endoscopy. Such factors 
include that observed lesions were perceived as benign 
and therefore not biopsied, collection of an insufficient 
number of biopsies or lack of targeted biopsies, as well as 
complete failure to identify a lesion [13]. The sensitivity 
of upper endoscopy in the diagnosis of early esophageal 
cancer is likely to have improved during the study period 
as e.g. enhanced imaging techniques that increase the 
diagnostic sensitivity have become more available [42, 
43]. Interestingly, others have reported that missed upper 
GI cancers were most often found at the same location 
as previously described abnormalities, that was either 
not biopsied or biopsied insufficiently [44]. This could 
also arise from inappropriate follow-up as discussed pre-
viously. The value of a biopsy of findings perceived as 
benign is emphasized by our study where 16.3% of MEC 
were proved to be cancer after an upper endoscopy with-
out suspicion of malignancy.
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We observed a trend towards higher MEC-rate at the 
university hospital (10.8%) than at local hospitals (6.5%). 
A higher number of junior doctors perform endoscopies 
at university hospitals during training, however, endos-
copist experience were not associated with MEC in our 
cohort and other studies investigating the effect of the 
endoscopists´ procedural experience on the sensitivity 
of upper endoscopy have reported conflicted results [9, 
34, 44]. Expertise based on continued training seems to 
be the main determinant of high-quality gastroscopies, 
rather than professional background or the endoscopists 
total procedural volume [34].

Use of sedation is one factor that might be expected to 
improve quality of endoscopy [34]. The common practice 
in Central Norway during the study period was no use 
of sedation as only ¼ of the procedures were performed 
with sedation, being similar to other reports [45]. Only a 
few previous studies have examined the use of sedation 
on missed cancer procedures. When comparing seda-
tion rates at the procedure prior to with the procedure 
at cancer diagnosis there was no difference within MEC 
patients. This is consistent with a case-control study of 
esophagogastric cancers in UK, one of few other studies 
having investigated the use of sedation in MEC proce-
dures [34].

Strengths of the study included that it was a regional 
cohort study and included all esophageal cancer diag-
nosed in Central Norway during the study period. Fur-
thermore, the follow-up was complete. However, the 
study had a retrospective design with inherent limita-
tions for instance concerning findings at endoscopies and 
symptoms described in endoscopy reports. The classifi-
cation of malignant tumors in the gastroesophageal junc-
tion changed during the study period and Siewert type II 
cardia cancers were included into the ICD-10 code C15.5 
from 2017. This may have contributed to the observed 
increase in annual esophageal cancer numbers, whereas 
the MEC-rate did not change during the study period. 
The follow-up of Barrett´s esophagus has been heteroge-
neous during the study period parallelling the differences 
in multiple international guidelines and the reported 
MEC rate cannot be related to one specific follow-up 
regimen. Finally, the reported rate of MEC is a minimum 
rate as additional endoscopies performed elsewhere may 
not have been identified.

Conclusions
Esophageal cancer was missed at a prior endoscopy in 
at least 8.0% of the patients in this population-based 
study, which is similar to other Western studies. There 
was no association between MEC and histological type 
or localization and endoscopic examination of the entire 
esophagus is necessary to avoid missing subtle lesions. 
The use of sedation or endoscopist experience did not 

appear to influence on MEC. A significant proportion of 
MECs were diagnosed after inappropriate follow-up of 
endoscopic Barrett’s esophagus, histological dysplasia or 
ulceration and these were identified as potentially pre-
ventable causes of MEC. Awareness of MEC and associ-
ated risk factors, more consistent biopsy of ulcerations, 
focal lesions and Barrett’s esophagus and earlier follow-
up endoscopies in patients with such changes could 
reduce the MEC rate.

Acknowledgements
Not applicable.

Author contributions
SS: Data acquisition, analysis and interpretation, drafting and revising of the 
manuscript. KW: Data acquisition, analysis and interpretation, drafting and 
revising of the manuscript. LCR: Conception and design, data acquisition 
and curation, analysis and interpretation and revising of the manuscript. RF: 
Conception and design, analysis and interpretation, drafting and revising of 
the manuscript. All authors have read and agreed to the published version of 
the manuscript.

Funding
The Norwegian Gastroenterological Association.
Open access funding provided by NTNU Norwegian University of Science and 
Technology (incl St. Olavs Hospital - Trondheim University Hospital)

Data availability
The data that support the findings of this study are available from the 
Norwegian Cancer Registry, but restrictions apply to the availability of 
these data, which were used under license for the current study, and so are 
not publicly available. Data are however available from the authors upon 
reasonable request and with permission of Regional Committee for Medical 
and Health Research Ethics of Central Norway. Questions concerning data 
may be directed to the corresponding author, Reidar Fossmark, email reidar.
fossmark@ntnu.no.

Declarations

Ethics approval and consent to participate
The analysis was approved by the Regional Committee for Medical and 
Health Research Ethics of Central Norway (2017/2379) which waived the 
need for informed consent. The data used in the study were not anonymized 
during data extraction from medical journals and analyses, whereas the data 
presented in the manuscript are on group level and anonymized.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 2 October 2023 / Accepted: 13 August 2024

References
1.	 WHO -. International Agency for Research on Cancer. Cancer fact sheet. 2020.
2.	 Short MW, Burgers KG, Fry VT. Esophageal Cancer. Am Fam Physician. 

2017;95(1):22–8.
3.	 Cancer in. Norway 2021 - Cancer incidence, mortality, survival and preva-

lence in Norway. https://www.kreftregisteret.no/globalassets/cancer-in-
norway/2020/cin-2020.pdf

4.	 Kamangar F, Nasrollahzadeh D, Safiri S, Sepanlou SG, Fitzmaurice C, Ikuta 
KS, Bisignano C, Islami F, Roshandel G, Lim SS. The global, regional, and 
national burden of oesophageal cancer and its attributable risk factors in 195 

https://www.kreftregisteret.no/globalassets/cancer-in-norway/2020/cin-2020.pdf
https://www.kreftregisteret.no/globalassets/cancer-in-norway/2020/cin-2020.pdf


Page 9 of 10Straum et al. BMC Gastroenterology          (2024) 24:279 

countries and territories, 1990–2017: a systematic analysis for the global bur-
den of Disease Study 2017. Lancet Gastroenterol Hepatol. 2020;5(6):582–97.

5.	 Wu AH, Wan P, Bernstein L. A multiethnic population-based study of smoking, 
alcohol and body size and risk of adenocarcinomas of the stomach and 
esophagus (United States). Cancer Causes Control. 2001;12:721–32.

6.	 Annual report. 2016: results and improvement measures from the national 
quality register for esophageal- and ventricular cancer. https://www.
kreftregisteret.no/globalassets/publikasjoner-og-rapporter/arsrapporter/
publisert-2017/arsrapport-2016_spiseror-og-magesekkreft.pdf

7.	 Huang FL, Yu SJ. Esophageal cancer: risk factors, genetic association, and 
treatment. Asian J Surg. 2018;41(3):210–5.

8.	 Vendrely V, Launay V, Najah H, Smith D, Collet D, Gronnier C. Prognostic 
factors in esophageal cancer treated with curative intent. Dig Liver Dis. 
2018;50(10):991–6.

9.	 Rodríguez de Santiago E, Hernanz N, Marcos-Prieto HM, De-Jorge-Turrión M, 
Barreiro-Alonso E, Rodríguez-Escaja C, Jiménez-Jurado A, Sierra-Morales M, 
Pérez-Valle I, Machado-Volpato N, et al. Rate of missed oesophageal cancer 
at routine endoscopy and survival outcomes: a multicentric cohort study. 
United Eur Gastroenterol J. 2019;7(2):189–98.

10.	 Shinozaki S, Osawa H, Hayashi Y, Lefor AK, Yamamoto H. Linked color imaging 
for the detection of early gastrointestinal neoplasms. Therapeutic Adv Gastro-
enterol. 2019;12:1756284819885246.

11.	 van Putten M, Johnston BT, Murray LJ, Gavin AT, McManus DT, Bhat S, Turking-
ton RC, Coleman HG. Missed’oesophageal adenocarcinoma and high-grade 
dysplasia in Barrett’s oesophagus patients: a large population-based study. 
United Eur Gastroenterol J. 2018;6(4):519–28.

12.	 Chadwick G, Groene O, Hoare J, Hardwick RH, Riley S, Crosby TD, Hanna GB, 
Cromwell DA. A population-based, retrospective, cohort study of esophageal 
cancer missed at endoscopy. Endoscopy. 2014;46(7):553–60.

13.	 Bloomfeld RS, Bridgers DI, Pineau BC. Sensitivity of upper endoscopy in 
diagnosing esophageal cancer. Dysphagia. 2005;20:278–82.

14.	 Wang YR, Loftus EV Jr, Judge TA, Peikin SR. Rate and predictors of interval 
esophageal and gastric cancers after esophagogastroduodenoscopy in the 
United States. Digestion. 2016;94(3):176–80.

15.	 Brierly JG, Wittekind MK. C.: International Union Against Cancer (UICC) TNM 
classification of malignant tumors. 8th ed. Oxford, UK: Wiley-Blackwell; 2016.

16.	 Rubenstein JH, Waljee AK, Dwamena B, Bergman J, Vieth M, Wani S. Yield 
of higher-grade neoplasia in Barrett’s esophagus with low-grade dysplasia 
is double in the first year following diagnosis. Clin Gastroenterol Hepatol. 
2018;16(9):1529–30.

17.	 Visrodia K, Singh S, Krishnamoorthi R, Ahlquist DA, Wang KK, Iyer PG, Katzka 
DA. Magnitude of missed esophageal adenocarcinoma after Barrett’s esopha-
gus diagnosis: a systematic review and meta-analysis. Gastroenterology. 
2016;150(3):599–607. e597.

18.	 Cheung D, Menon S, Hoare J, Dhar A, Trudgill N. Factors associated with 
upper gastrointestinal cancer occurrence after endoscopy that did not 
diagnose cancer. Dig Dis Sci. 2016;61:2674–84.

19.	 Guanrei Y, Songliang Q, He H, Guizen F. Natural history of early esophageal 
squamous carcinoma and early adenocarcinoma of the gastric cardia in the 
people’s Republic of China. Endoscopy. 1988;20(03):95–8.

20.	 Wang G, Wei W, Hao C, Zhang J, Lü N. Natural progression of early esophageal 
squamous cell carcinoma. Zhonghua Zhong Liu Za Zhi [Chinese Journal of 
Oncology]. 2010;32(8):600–2.

21.	 Nagaya TN, Miyhara Y, Nakamura R, Iguchi M, Kodama Y, Banno Y, Maeda K, 
Ando O, Itoh T, Ohmiya A, Hirooka N, Goto Y. Natural history of the esopha-
geal carcinoma -prospective and retrospective study by Endoscopy. Gastroin-
test Endosc. 2008;67(5):AB183.

22.	 Wang JW, Guan CT, Wang LL, Chang LY, Hao CQ, Li BY, Lu N, Wei WQ. Natural 
history analysis of 101 severe dysplasia and esophageal carcinoma cases by 
Endoscopy. Gastroenterol Res Pract 2017, 2017:9612854.

23.	 Rodriguez de Santiago E, Hernanz N, Marcos-Prieto HM, De-Jorge-Turrion MA, 
Barreiro-Alonso E, Rodriguez-Escaja C, Jimenez-Jurado A, Sierra-Morales M, 
Perez-Valle I, Machado-Volpato N, et al. Rate of missed oesophageal cancer 
at routine endoscopy and survival outcomes: a multicentric cohort study. 
United Eur Gastroenterol J. 2019;7(2):189–98.

24.	 Ronkainen J, Aro P, Storskrubb T, Johansson SE, Lind T, Bolling–Sternevald 
E, Vieth M, Stolte M, Talley NJ, Agréus L. Prevalence of Barrett’s esopha-
gus in the general population: an endoscopic study. Gastroenterology. 
2005;129(6):1825–31.

25.	 Spechler SJ. Barrett esophagus and risk of esophageal cancer: a clinical 
review. JAMA. 2013;310(6):627–36.

26.	 Andrici J, Tio M, Cox MR, Eslick GD. Hiatal hernia and the risk of Barrett’s 
esophagus. J Gastroenterol Hepatol. 2013;28(3):415–31.

27.	 Qumseya BJ, Wani S, Gendy S, Harnke B, Bergman JJ, Wolfsen H. Disease 
progression in Barrett’s low-grade dysplasia with radiofrequency ablation 
compared with surveillance: systematic review and meta-analysis. Official J 
Am Coll Gastroenterology| ACG. 2017;112(6):849–65.

28.	 Fitzgerald RC, Di Pietro M, Ragunath K, Ang Y, Kang J-Y, Watson P, Trudgill 
N, Patel P, Kaye PV, Sanders S. British Society of Gastroenterology guide-
lines on the diagnosis and management of Barrett’s oesophagus. Gut. 
2014;63(1):7–42.

29.	 Qumseya B, Sultan S, Bain P, Jamil L, Jacobson B, Anandasabapathy S, Agrawal 
D, Buxbaum JL, Fishman DS, Gurudu SR. ASGE guideline on screening and 
surveillance of Barrett’s esophagus. Gastrointest Endosc. 2019;90(3):335–59. 
e332.

30.	 Higuchi D, Sugawa C, Shah SH, Tokioka S, Lucas CE. Etiology, treatment, and 
outcome of esophageal ulcers: a 10-year experience in an urban emergency 
hospital. J Gastrointest Surg. 2003;7(7):836–42.

31.	 Bennett C, Vakil N, Bergman J, Harrison R, Odze R, Vieth M, Sanders S, Gay L, 
Pech O, Longcroft–Wheaton G. Consensus statements for management of 
Barrett’s dysplasia and early-stage esophageal adenocarcinoma, based on a 
Delphi process. Gastroenterology. 2012;143(2):336–46.

32.	 Nachiappan A, Ragunath K, Card T, Kaye P. Diagnosing dysplasia in Barrett’s 
oesophagus still requires Seattle protocol biopsy in the era of modern video 
endoscopy: results from a tertiary centre Barrett’s dysplasia database. Scand J 
Gastroenterol. 2020;55(1):9–13.

33.	 Bhat S, Coleman HG, Yousef F, Johnston BT, McManus DT, Gavin AT, Murray LJ. 
Risk of malignant progression in Barrett’s esophagus patients: results from a 
large population-based study. J Natl Cancer Inst. 2011;103(13):1049–57.

34.	 Tai FWD, Wray N, Sidhu R, Hopper A, McAlindon M. Factors associated with 
oesophagogastric cancers missed by gastroscopy: a case–control study. 
Frontline Gastroenterol. 2020;11(3):194–201.

35.	 Singh S, Singh PP, Murad MH, Singh H, Samadder JN. Prevalence, risk factors, 
and outcomes of interval colorectal cancers: a systematic review and meta-
analysis. Official J Am Coll Gastroenterology| ACG. 2014;109(9):1375–89.

36.	 Bressler B, Paszat LF, Chen Z, Rothwell DM, Vinden C, Rabeneck L. Rates of 
new or missed colorectal cancers after colonoscopy and their risk factors: a 
population-based analysis. Gastroenterology. 2007;132(1):96–102.

37.	 Singh H, Nugent Z, Demers AA, Bernstein CN. Rate and predictors of early/
missed colorectal cancers after colonoscopy in Manitoba: a population-
based study. Official J Am Coll Gastroenterology| ACG. 2010;105(12):2588–96.

38.	 Baxter NN, Sutradhar R, Forbes SS, Paszat LF, Saskin R, Rabeneck L. Analysis 
of administrative data finds endoscopist quality measures associated with 
postcolonoscopy colorectal cancer. Gastroenterology. 2011;140(1):65–72.

39.	 Cooper GS, Xu F, Barnholtz Sloan JS, Schluchter MD, Koroukian SM. Preva-
lence and predictors of interval colorectal cancers in medicare beneficiaries. 
Cancer. 2012;118(12):3044–52.

40.	 Bisschops R, Areia M, Coron E, Dobru D, Kaskas B, Kuvaev R, Pech O, Ragunath 
K, Weusten B, Familiari P. Performance measures for upper gastrointestinal 
endoscopy: a European Society of Gastrointestinal Endoscopy quality 
improvement initiative. United Eur Gastroenterol J. 2016;4(5):629–56.

41.	 Beg S, Ragunath K, Wyman A, Banks M, Trudgill N, Pritchard MD, Riley S, 
Anderson J, Griffiths H, Bhandari P. Quality standards in upper gastrointestinal 
endoscopy: a position statement of the British Society of Gastroenterology 
(BSG) and Association of Upper Gastrointestinal Surgeons of Great Britain and 
Ireland (AUGIS). Gut. 2017;66(11):1886–99.

42.	 Ebi M, Shimura T, Yamada T, Mizushima T, Itoh K, Tsukamoto H, Tsuchida K, 
Hirata Y, Murakami K, Kanie H, et al. Multicenter, prospective trial of white-
light imaging alone versus white-light imaging followed by magnifying 
endoscopy with narrow-band imaging for the real-time imaging and diag-
nosis of invasion depth in superficial esophageal squamous cell carcinoma. 
Gastrointest Endosc. 2015;81(6):1355–e13611352.

43.	 Kamran U, Abbasi A, Umar N, Tahir I, Brookes MJ, Rutter M, McCord M, Adder-
ley NJ, Dretzke J, Trudgill N. Umbrella systematic review of potential quality 
indicators for the detection of dysplasia and cancer at upper gastrointestinal 
endoscopy. Endosc Int Open. 2023;11(9):E835–48.

44.	 Raftopoulos SC, Segarajasingam DS, Burke V, Ee HC, Yusoff IF. A cohort study 
of missed and new cancers after esophagogastroduodenoscopy. Official J 
Am Coll Gastroenterology| ACG. 2010;105(6):1292–7.

https://www.kreftregisteret.no/globalassets/publikasjoner-og-rapporter/arsrapporter/publisert-2017/arsrapport-2016_spiseror-og-magesekkreft.pdf
https://www.kreftregisteret.no/globalassets/publikasjoner-og-rapporter/arsrapporter/publisert-2017/arsrapport-2016_spiseror-og-magesekkreft.pdf
https://www.kreftregisteret.no/globalassets/publikasjoner-og-rapporter/arsrapporter/publisert-2017/arsrapport-2016_spiseror-og-magesekkreft.pdf


Page 10 of 10Straum et al. BMC Gastroenterology          (2024) 24:279 

45.	 Ladas SD, Satake Y, Mostafa I, Morse J. Sedation practices for gastrointestinal 
endoscopy in Europe, North America, Asia, Africa and Australia. Digestion. 
2010;82(2):74–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Esophageal cancers missed at upper endoscopy in Central Norway 2004 to 2021 – A population-based study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design, setting, participants and data source
	﻿Variables
	﻿Statistical methods

	﻿Results
	﻿Patient and characteristics
	﻿Tumor localization and histological type
	﻿cTNM stage
	﻿Symptoms in patients with missed cancers
	﻿Findings at upper endoscopy in patients with missed cancers
	﻿The association between MEC and endoscopist experience, use of sedation and hospital level
	﻿Time from prior endoscopy to EC diagnosis
	﻿Increase of MEC per year

	﻿Discussion
	﻿Conclusions
	﻿References


