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Abstract

Background and Aims Up to 14 % of upper gastrointesti-

nal cancer (UGIC) subjects underwent esophago-gastro-

duodenoscopy (EGD) in the preceding 3 years, which did

not detect UGIC. The frequency of such events and asso-

ciated risk factors was evaluated.

Methods UGIC subjects were identified from a UK pri-

mary care database. Post-EGD upper gastrointestinal can-

cers (PEUGIC) cases were subjects undergoing EGD

12–36 months prior to UGIC diagnosis. Controls had not

undergone EGD during the same period. Logistic regres-

sion analysis examined associations with PEUGIC.

Results 4249 gastric cancer (GC) subjects (44.8 %) and

5238 esophageal cancer (EC) subjects (55.2 %) were ana-

lyzed. There were 633 (6.7 %) PEUGIC subjects [279 EC

and 354 GC]. Multivariate analysis revealed that younger

age [OR 1.02, (95 % CI 1.01–1.03), p\ 0.0001], female

gender [1.39 (1.17–1.64), p\ 0.0001], increasing comor-

bidity [1.35 (1.13–1.61), p\ 0.0001], and greater depri-

vation [1.31 (1.09–1.59), p = 0.005] were associated with

PEUGIC. Alarm symptoms on presentation [0.32

(0.26–0.40), p\ 0.0001] were less likely to be associated

with PEUGIC. GC was more likely to be associated with

PEUGIC than EC [1.33 (1.13–1.58), p = 0.001]. PEUGIC

EGDs reported findings associated with UGIC (stricture or

ulceration) in 8.3 % of cases, and only 60.9 % had a fol-

low-up EGD within 90 days. PEUGIC rate declined from

7.9 to 2.7 % for EC and 9.0–6.5 % for GC during the study

period.

Conclusions PEUGIC occurs in 6.7 % of UGIC. PEUGIC

was associated with GC, younger age, female gender,

increasing comorbidity and deprivation, and a lack of

alarm symptoms.

Keywords Endoscopy � Early detection of cancer �
Esophageal cancer � Gastric cancer

Introduction

The prognosis of upper gastrointestinal cancer (UGIC) in

the UK is extremely poor, with 5-year survival rates for

esophageal cancer (EC) and gastric cancer (GC) of 12 and

16 %, respectively [1]. The poor prognosis of UGIC relates

to it usually presenting at an advanced stage, with only

one-third of UGIC subjects suitable for curative treatment

[2]. The prognosis for subjects with early-stage disease,

who are eligible for curative resection, has improved [3, 4]

with 80 % alive at 1 year [5]. However, the prognosis for

subjects with locally advanced and metastatic disease

remains poor.

Selected single-institution studies in Western popula-

tions in a total of 908 subjects have reported that

4.6–14.0 % of UGIC subjects have had an EGD which did

not identify UGIC in the 3 years prior to their eventual

UGIC diagnosis [6–10]. These events can be termed post-

EGD upper gastrointestinal cancer (PEUGIC) following

the same principle as post-colonoscopy colorectal cancer

[11]. Subjects who presented with alarm symptoms,

including dysphagia, anemia, hematemesis, weight loss, or
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vomiting, at the time of EGD have been reported to be at

increased risk of PEUGIC [7, 8]. In addition, squamous cell

carcinoma in the proximal esophagus [8] and taking less

biopsy specimens [7, 9] were reported to be associated with

PEUGIC. Subject characteristics such as age and gender

did not appear to affect the likelihood of PEUGIC [7–10].

Using a UK primary care dataset, the aims of this study

were to determine the PEUGIC rate at a national level in an

unselected sample and to identify associated risk factors for

these events. The treatment and survival outcomes for

PEUGIC subjects were also studied.

Methods

Study Design and Data Source

A retrospective nested case–control study was performed

using The Health Improvement Network (THIN) database

(Cegedim Strategic Data Medical Research UK, London).

THIN is a primary care database which includes comput-

erized anonymized longitudinal records from over 300

primary care centers in the UK [12]. Over 5 million sub-

jects are registered with THIN primary care centers, and

they are regionally and demographically representative of

the UK. The data are organized by individual primary care

centers, and each subject is identified by a computer-gen-

erated unique identifier within the center. Participating

primary care practitioners systematically record each

healthcare episode as part of their routine practice, which

are anonymized and prospectively recorded by the THIN

software. No identifying information (such as name,

address, date of birth, postcode) leaves the individual pri-

mary care center. Clinical diagnoses are recorded in THIN

as diagnostic Read codes (diagnosis dictionary). There is a

potential delay in secondary care clinical information (a

new diagnosis or procedure carried out) being recorded on

the primary care system and THIN. This is reflected by an

‘‘event date’’ when it occurred and a separate ‘‘system

date’’ when it was recorded associated with each Read

code. The event date is backdated to the actual diagnosis or

the procedure date.

Subject Definition

UGIC subjects were identified as any subjects over

18 years with either a GC code (‘‘Appendix 1’’) or EC code

(‘‘Appendix 2’’) recorded in THIN between 2002 and 2009

(for GC subjects) and 2002 and 2012 (for EC subjects). The

diagnosis date of GC or EC was defined as the first record

of a GC or EC diagnosis code in THIN. Cases and controls

with less than 36 months of retrospective follow-up

available prior to their UGIC diagnosis were excluded, as it

was not possible to ensure they had not undergone EGD in

the 36 months prior to diagnosis. All subjects with a

diagnosis of Barrett’s esophagus prior to UGIC diagnosis

were also excluded to prevent confounding due to

surveillance EGDs. Subjects with small intestinal cancers

were not included in the study.

PEUGIC cases were defined as all UGIC subjects in the

THIN cohort who underwent EGD between 12 and

36 months prior to eventual UGIC diagnosis. Controls

were defined as UGIC subjects who did not undergo EGD

between 12 and 36 months prior to UGIC diagnosis. Study

variables were related to the ‘‘diagnostic EGD’’ when

UGIC was diagnosed in controls and the ‘‘PEUGIC EGD,’’

the EGD which did not detect UGIC at least 1 year prior to

eventual UGIC diagnosis, in PEUGIC subjects. If a PEU-

GIC subject had multiple EGDs in the 12- to 36-month

period prior to their UGIC diagnosis, then the PEUGIC

EGD was the EGD nearest in date to when UGIC was

diagnosed. In order to take into account the potential

administrative delay in primary care in UGIC diagnoses

being recorded in THIN, the period within 12 months of

UGIC diagnosis was excluded. The PEUGIC rates were

calculated by dividing the number of PEUGIC subjects by

the total number of UGIC subjects.

Subjects Demographics

Only birth years (rather than actual date of birth) are

recorded in THIN, and age was therefore rounded to the

nearest whole year prior to analysis. Mean age and standard

deviation were calculated to analyze the effect of age. The

Charlson comorbidity index was calculated using diag-

nostic Read codes for medical conditions recorded in THIN

prior to the diagnostic EGD date in controls and PEUGIC

EGD date [13]. Subjects were divided into three categories:

0 (no comorbidity), 1–4 (low comorbidity) and 5 or greater

(high comorbidity). Socioeconomic status was derived at

aggregate level by postcode from the subjects’ place of

residence. This is recorded in THIN as the Townsend

deprivation index [14], and it was separated into quintiles.

For the purpose of analysis, the least deprived quintiles 1

and 2 were combined and compared with quintile 3, and

the most deprived quintiles 4 and 5 combined, and subjects

with no recorded Townsend score. Where there was more

than one Townsend score recorded in THIN, the recorded

score closest to the diagnostic EGD or PEUGIC EGD was

used for analysis.

Presenting Symptoms

Diagnostic Read codes for upper gastrointestinal symptoms

(abdominal mass, anemia, anorexia, dysphagia, hematemesis

or melena, gastro-esophageal reflux disease (GERD),
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vomiting, and weight loss) which were recorded by primary

care practitioners within the 12 months prior to diagnostic

EGD or PEUGIC date were extracted. Alarm symptoms or

signs included abdominal mass, anemia, dysphagia,

hematemesis or melena, and weight loss.

Endoscopic Findings on PEUGIC EGD

The endoscopic findings at PEUGIC EGD were extracted.

The endoscopic diagnoses included esophageal stricture,

esophageal ulcer, esophagitis, gastritis, gastric ulcer, duo-

denitis, and duodenal ulcer. The UGIC location was

recorded for EC as upper or middle esophagus, lower

esophagus, and location unknown and for GC as proximal,

body, distal, and location unknown. In the majority of

subjects, the UGIC location was not recorded in THIN;

therefore, the ‘‘free text entry’’ attached to the diagnostic

Read code was examined to extract the anatomical location

where available.

Treatment Outcomes and Survival for UGIC

Subjects

The number of UGIC subjects undergoing resectional

surgery, chemotherapy, or radiotherapy post-UGIC diag-

nosis was obtained by treatment Read codes. Survival was

calculated from the EC or GC diagnosis date until the end

of database registration, death, or end of data capture in

THIN, whichever was soonest. Unadjusted and adjusted

(for EC or GC, gender, age, deprivation, comorbidity, and

alarm symptoms on presentation) survival at 1 year was

calculated for PEUGIC subjects and controls.

Changes in PEUGIC Incidence with Time

In order to assess the change in the incidence of PEUGIC

over the study period, subjects with EC and GC were

separated according to their PEUGIC EGD date for cases

and diagnostic date for controls into tertiles. The PEUGIC

rate for each tertile was then compared.

Statistical Methodology

Statistical analysis was carried out with SPSS v20.0 (IBM,

New York, USA). Independent t test and v2 test were used
to compare differences in continuous and categorical

variables, respectively. Unconditional logistic regression

analysis was used to calculate odds ratios and 95 % con-

fidence intervals (CI) of the influence of type of UGIC (EC

or GC), gender, age, Charlson comorbidity index, socioe-

conomic status, presence of alarm symptoms, individual

upper gastrointestinal symptoms, UGIC location, surgery,

chemotherapy, radiotherapy, and survival at 1 year on

PEUGIC. For tests of significance, p values \0.05 were

considered significant.

A multivariate logistic regression analysis model was

constructed to determine associations with PEUGIC fol-

lowing adjusting for confounding factors including UGIC

type (EC or GC), gender, age, Charlson comorbidity index,

socioeconomic status, and the presence of alarm symp-

toms. Multivariate analysis of treatment and survival out-

comes were analyzed by individual regression models

adjusting for confounding factors including UGIC (EC or

GC), gender, age, Charlson comorbidity index, socioeco-

nomic status, and the presence of alarm symptoms on

presentation in each of the models. Unadjusted Kaplan–

Meier analysis was used to compare survival in PEUGIC

subjects and controls.

Ethics Approval

In the UK, all research involving data collected from

National Health Service patients must be approved by a

Research Ethics Committee. The THIN Data Collection

Scheme was approved by the South-East Multicentre

Research Ethics Committee (SE-MREC) [12].

Results

There were 11,966 UGIC subjects during the study period,

with 5473 GC and 6493 EC subjects. Following exclusion

of subjects who did not meet the study criteria, 4249 GC

(44.8 %) and 5238 EC subjects (55.2 %) were included.

Subject Characteristics

The PEUGIC subject characteristics are given in Table 1.

There were 633 PEUGIC subjects, 279 with EC and 354

with GC. The overall PEUGIC rate was 6.7 %, with the

PEUGIC rate for EC and GC being 5.3 and 8.3 %,

respectively. PEUGIC subjects were more likely to have

GC than EC. This was less marked when adjusted for other

variables but remained a significant association.

Younger age and female gender were associated with

PEUGIC. When UGIC subjects were separated into EC and

GC subjects, the age association was only observed in GC

subjects and the female gender association was only

observed in EC subjects.

Increasing medical comorbidity was associated with

PEUGIC. Subjects with a Charlson comorbidity score of

1–4 were at modestly increased risk compared with sub-

jects without comorbid illnesses in univariate and multi-

variate analyses.

Increasing deprivation was associated with PEUGIC,

with more deprived postcodes (Townsend score fourth and
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fifth quintiles) more likely to be associated with PEUGIC

compared with Townsend score first and second quintiles.

This association remained statistically significant following

adjusting for confounding factors.

Presenting Symptoms Prior to UGIC Diagnosis

Presenting symptoms prior to UGIC diagnosis are given in

Table 2. Subjects who presented with alarm symptoms

within 12 months of their EGD were much less likely to be

associated with PEUGIC. This effect was even more

notable in subjects with EC compared with subjects with

GC. Alarm symptoms remained strongly associated even

after adjusting for potential confounding factors.

In subjects with EC, PEUGIC subjects were most likely

to present with GERD symptoms (45.2 %), whereas con-

trols were mostly likely to present with dysphagia (44.8 %)

in the 12 months prior to their PEUGIC EGD and diag-

nostic EGD, respectively. EC subjects who presented with

dysphagia, weight loss, or vomiting were all less likely to

be associated with PEUGIC. In contrast, EC subjects with

GERD symptoms were nearly three times more likely to be

associated with PEUGIC.

In subjects with GC, both PEUGIC subjects (40.1 %) and

controls (20.4 %) were more likely to present with GERD

symptoms. However, presenting with GERD symptoms

increased the risk of GC PEUGIC more than twofold. Symp-

toms of anemia, vomiting, weight loss, dysphagia, or anorexia

were all negatively associated with PEUGIC in GC subjects.

Endoscopic Findings

The endoscopic findings from PEUGIC EGDs are given in

Table 3. The most common finding was esophagitis in

19.4 % of PEUGIC subjects with EC and gastritis in

22.6 % of PEUGIC subjects with GC. Endoscopic findings

recognized to be associated with EC (esophageal stricture

and ulcer) were reported in 5.7 % of EC PEUGIC cases,

and findings associated with GC (gastric ulcer) were

reported in 10.5 % of GC PEUGIC cases. Of the PEUGIC

subjects with EC who had an esophageal stricture or ulcer

reported at PEUGIC EGD and PEUGIC subjects with GC

Table 1 The subject characteristics of post-EGD upper gastrointestinal cancer cases and upper gastro-intestinal cancer controls

PEUGIC Controls Total Odds ratio 95 % CI p value Odds ratio 95 % CI p value

Number of subjects Univariate Multivariate

Total 633 (6.7 %) 8854 (93.3 %) 9487 – – – – – –

EC 279 (5.3 %) 4959 (94.7 %) 5238 Ref Ref Ref Ref Ref Ref

GC 354 (8.3 %) 3895 (91.7 %) 4249 1.62 1.37–1.90 \0.0001 1.33 1.13–1.58 0.001

Mean age (years ± SD)

Total 70.2 ± 11.2 72.8 ± 11.2 1.62–3.43 \0.0001 1.02 1.01–1.03 \0.0001

EC 70.5 ± 10.8 71.8 ± 11.4 0.07–2.66 0.064

GC 70.1 ± 11.6 74.1 ± 11.0 2.79–5.18 \0.0001

Gender

UGIC male 371 (6.0 %) 5766 (94.0 %) 6137 Ref Ref Ref Ref Ref Ref

UGIC female 262 (7.8 %) 3088 (92.2 %) 3350 1.31 1.12–1.55 0.001 1.39 1.17–1.64 \0.0001

EC male 159 (4.6 %) 3310 (95.4 %) 3469 Ref Ref Ref

EC female 120 (6.8 %) 1649 (93.2 %) 1769 1.51 1.19–1.93 0.0009

GC male 212 (7.9 %) 2456 (92.1 %) 2668 Ref Ref Ref

GC female 142 (9.0 %) 1439 (91.0 %) 1581 1.14 0.92–1.43 0.238

Charlson comorbidity index

0 224 (5.8 %) 3659 (94.2 %) 3883 Ref Ref Ref Ref Ref Ref

1–4 381 (7.2 %) 4899 (92.8 %) 5280 1.27 1.07–1.51 0.006 1.35 1.13–1.61 0.001

5 or greater 28 (8.6 %) 296 (91.4 %) 324 1.55 1.03–2.33 0.038 1.41 0.92–2.14 0.113

Deprivation by Townsend score quintile

1st and 2nd 226 (5.7 %) 3761 (94.3 %) 3987 Ref Ref Ref Ref Ref Ref

3rd 130 (6.9 %) 1748 (93.1 %) 1878 1.24 0.99–1.55 0.061 1.24 0.99–1.56 0.06

4th and 5th 239 (7.6 %) 2887 (92.4 %) 3126 1.38 1.14–1.66 0.0008 1.31 1.09–1.59 0.005

Unknown 38 (7.7 %) 458 (92.3 %) 496 1.38 0.97–1.97 0.077 1.23 0.86–1.77 0.260

Significant p values are given in bold (p\ 0.05)

EGD esophago-gastro-duodenoscopy, PEUGIC post-EGD upper gastrointestinal cancer, EC esophageal cancer, GC gastric cancer, UGIC upper

gastrointestinal cancer
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who had a gastric ulcer reported at PEUGIC EGD, only 50.0

and 64.6 %, respectively, had a follow-up EGD within

90 days. PEUGIC subjects who presented with alarm

symptoms were significantly more likely to have esophageal

stricture and gastric ulcer reported at their PEUGIC EGD.

Subjects with EC in the lower esophagus appeared to be

at lower risk of PEUGIC compared with subjects with EC

in the upper and mid-esophagus, but there was no signifi-

cant association, in part due to the large number of subjects

with unknown UGIC location (Table 4). There was no

difference in the site of GC in PEUGIC subjects, with equal

proportions of proximal and distal GC in PEUGIC subjects

and controls.

UGIC Treatment Outcomes and Survival

The UGIC treatment outcomes and survival are given in

Tables 5, 6 and 7. PEUGIC subjects were more likely to

undergo surgery than controls on univariate analysis.

However, this association was confined to male subjects

with GC. There was no difference between PEUGIC

subjects and controls undergoing chemotherapy. However,

when separating subjects with EC and GC by gender, female

PEUGIC subjects, PEUGIC subjects with EC, and particu-

larly female PEUGIC subjects with EC were more likely to

have chemotherapy. In contrast, male PEUGIC subjects with

GC were less likely to undergo chemotherapy. Following

adjusting for confounding factors, PEUGIC subjects were

marginally more likely to undergo radiotherapy compared

with controls, but there was no overall difference in the

likelihood of undergoing surgery or chemotherapy.

When comparing PEUGIC subjects with controls, there

was no difference in 1-year survival and overall survival

(Fig. 1). When sub-analysis was carried out by separating

subjects with EC and GC, PEUGIC subjects with GC were

more likely to survive at 1 year compared with controls.

Change in PEUGIC Incidence with Time

EC subjects undergoing EGD prior to 2008 were between 2

and 3 times more likely to be associated with PEUGIC than

subjects undergoing EGD after 2008 (p\ 0.0001,

Table 2 Consultations with upper gastrointestinal symptoms in the 12 months prior to post-EGD upper gastrointestinal cancer endoscopy and

prior to upper gastrointestinal cancer diagnosis in controls

PEUGIC Controls Total Odds ratio 95 % CI p value Odds ratio 95 % CI p value

Alarm symptoms within 12 months of PEUGIC EGD and diagnostic

EGD for controls

Univariate Multivariate

Total 126 (19.9 %) 3982 (45.0 %) 4108 0.30 0.25–0.37 \0.0001 0.32 0.26–0.40 \0.0001

EC 62 (22.2 %) 2650 (53.4 %) 2712 0.25 0.19–0.33 \0.0001

GC 64 (18.1 %) 1332 (34.2 %) 1396 0.42 0.32–0.56 \0.0001

Symptoms within 12 months of PEUGIC EGD and diagnostic EGD for controls (EC subjects)

Abdominal mass 2 (0.7 %) 22 (0.4 %) 24 1.62 0.38–6.93 0.515

Anemia 18 (6.5 %) 225 (4.5 %) 243 1.45 0.88–2.38 0.141

Anorexia 4 (1.4 %) 102 (2.1 %) 106 0.69 0.25–1.89 0.474

Dysphagia 27 (9.7 %) 2220 (44.8 %) 2247 0.11 0.07–0.16 \0.0001

Haematemesis/melaena 11 (3.9 %) 120 (2.4 %) 131 1.66 0.88–3.11 0.117

GERD symptoms 126 (45.2 %) 1136 (22.9 %) 1262 2.77 2.17–3.54 \0.0001

Vomiting 10 (3.6 %) 356 (7.2 %) 366 0.48 0.25–0.91 0.025

Weight loss 5 (1.8 %) 214 (4.3 %) 219 0.40 0.17–0.99 0.048

Symptoms within 12 months of PEUGIC EGD and diagnostic EGD for controls (GC subjects)

Abdominal mass 5 (1.4 %) 64 (1.6 %) 69 0.86 0.34–2.14 0.743

Anemia 14 (4.0 %) 477 (12.2 %) 491 0.30 0.17–0.51 \0.0001

Anorexia 7 (2.0 %) 131 (3.4 %) 138 0.58 0.27–1.25 0.164

Dysphagia 18 (5.1 %) 371 (9.5 %) 389 0.51 0.31–0.83 0.006

Haematemesis/melaena 19 (5.4 %) 288 (7.4 %) 307 0.71 0.44–1.15 0.160

GERD symptoms 142 (40.1 %) 793 (20.4 %) 935 2.62 2.09–3.29 \0.0001

Vomiting 14 (4.0 %) 371 (9.5 %) 385 0.39 0.23–0.67 0.0007

Weight loss 7 (2.0 %) 182 (4.7 %) 189 0.41 0.19–0.88 0.023

Significant p values are given in bold (p\ 0.05)

EGD esophago-gastro-duodenoscopy, PEUGIC post-EGD upper gastrointestinal cancer, EC esophageal cancer, GC gastric cancer, GORD

gastro-esophageal reflux disease
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p = 0.0001)(Table 8). The difference in time period was

less marked in subjects with GC, with subjects undergoing

EGD prior to 2005 1.5 times more likely to have PEUGIC,

compared with subjects undergoing EGD after 2005

(p = 0.014, p = 0.003).

Discussion

EGD is the gold standard for investigating upper gas-

trointestinal symptoms and diagnosing UGIC. In a recent

meta-analysis, PEUGIC was found to be relatively

uncommon occurring in approximately 1 in every 400

EGDs [15]. However, PEUGIC was relatively common

among UGIC subjects, with 4.6–14.0 % having had an

EGD which did not detect UGIC in the preceding 3 years

[6, 8–10, 16]. Overall, PEUGIC occurs in 6.4 % of UGIC

subjects within 1 year of diagnosis and in 11.3 % of UGIC

subjects up to 3 years before diagnosis [15]. Two recent

population-based UK studies have reported that 8.3 % of

GC and 7.7 % of EC subjects have had an EGD up to

3 years prior to eventual UGIC diagnosis [17, 18]. An

interval of 3 years is derived from the assumption that the

doubling time for mucosal GC is 2–3 years from a Japa-

nese study from the 1970s [19], and this interval is com-

monly used to define a false-negative endoscopic

examination in the detection of UGIC. The PEUGIC rate

from this study, the largest ever of this issue, was 6.7 %.

Table 3 Endoscopic findings at post-EGD upper gastrointestinal cancer endoscopy

EGD findings in PEUGIC subjects

with EC

With alarm symptoms

(n = 49)

Without alarm symptoms

(n = 230)

Total Odds

ratio

95 % CI p value

Esophageal stricture 7 5 12 (4.3 %) 7.50 2.27–24.75 0.0009

Esophageal ulcer 0 4 4 (1.4 %) 0.51 0.03–9.60 0.652

Esophagitis 6 48 54 (19.4 %) 0.53 0.21–1.32 0.171

Gastritis 5 35 40 (14.3 %) 0.63 0.23–1.71 0.367

Gastric ulcer 1 6 7 (2.5 %) 0.78 0.09–6.61 0.818

Duodenitis 1 8 9 (3.2 %) 0.58 0.07–4.73 0.609

Duodenal ulcer 4 10 14 (5.0 %) 1.96 0.59–6.51 0.275

EGD findings in PEUGIC subjects

with GC

With alarm symptoms

(n = 49)

Without alarm symptoms

(n = 305)

Esophageal stricture 2 1 3 (0.8 %) 12.94 1.15–145.49 0.038

Esophageal ulcer 0 1 1 (0.3 %) 2.05 0.08–51.05 0.662

Esophagitis 4 42 46 (13.0 %) 0.56 0.19–1.63 0.285

Gastritis 10 70 80 (22.6 %) 0.86 0.41–1.81 0.693

Gastric ulcer 10 27 37 (10.5 %) 2.64 1.19–5.87 0.017

Duodenitis 1 7 8 (2.3 %) 0.89 0.11–7.37 0.912

Duodenal ulcer 1 24 25 (7.1 %) 0.24 0.03–1.85 0.172

Significant p values are given in bold (p\ 0.05)

EGD esophago-gastro-duodenoscopy, PEUGIC post-EGD upper gastrointestinal cancer, EC esophageal cancer, GC gastric cancer

Table 4 Site of esophageal and

gastric cancers
PEUGIC Controls Total Odds ratio 95 % CI p value

Univariate

Upper/mid EC 16 (5.7 %) 184 (3.7 %) 200 Ref Ref Ref

Lower EC 41 (14.7 %) 799 (16.1 %) 840 0.59 0.32–1.07 0.085

EC unknown 222 (79.6 %) 3976 (80.2 %) 4198 0.64 0.38–1.09 0.100

Proximal GC 31 (8.8 %) 329 (8.4 %) 360 Ref Ref Ref

GC body 3 (0.8 %) 77 (2.0 %) 80 0.41 0.12–1.39 0.153

Distal GC 18 (5.1 %) 158 (4.1 %) 176 1.21 0.66–2.23 0.543

GC unknown 302 (85.3 %) 3331 (85.5 %) 3633 0.96 0.65–1.42 0.845

EGD esophago-gastro-duodenoscopy, PEUGIC post-EGD upper gastrointestinal cancer, EC esophageal

cancer, GC gastric cancer
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In the current study, younger age and female gender

were more likely to be associated with PEUGIC. Similar

findings have been reported in a recent UK series based on

a national gastric cancer audit [17]. This could potentially

be explained by younger subjects [20–22] and women [21,

23] reportedly having a lower tolerance for EGD exami-

nation, which may in turn lead to a reduction in EGD

diagnostic quality. Another possible explanation might be

Table 5 Treatment outcomes and adjusted survival for post-EGD upper gastrointestinal cancer subjects and upper gastrointestinal cancer

controls

PEUGIC Controls Total Odds ratio 95 % CI p value Odds ratio 95 % CI p value

UGIC subjects undergoing surgery Univariate Multivariate

All 150 (23.7 %) 1636 (18.5 %) 1786 1.37 1.13–1.66 0.001 1.19 0.98–1.46 0.082

Male 99 (26.7 %) 1151 (20.0 %) 1250 1.46 1.15–1.85 0.002

Female 51 (19.5 %) 485 (15.7 %) 536 1.30 0.94–1.79 0.112

UGIC subjects undergoing chemotherapy

All 146 (23.1 %) 2035 (23.0 %) 2181 1.00 0.83–1.22 0.963 1.193 0.98–1.46 0.087

Male 83 (22.4 %) 1478 (25.6 %) 1561 0.84 0.65–1.07 0.163

Female 63 (24.0 %) 557 (18.0 %) 620 1.44 1.07–1.94 0.017

UGIC subject undergoing radiotherapy

All 58 (9.2 %) 704 (8.0 %) 762 1.17 0.88–1.55 0.279 1.38 1.03–1.84 0.029

Male 33 (8.9 %) 455 (7.9 %) 488 1.14 0.79–1.65 0.489

Female 25 (9.5 %) 249 (8.1 %) 274 1.20 0.78–1.85 0.402

Survival at 1 year for UGIC subjects

All 219 (34.6 %) 2820 (31.9 %) 3039 1.13 0.95–1.34 0.153 1.06 0.89–1.27 0.496

Male 130 (35.0 %) 1895 (32.9 %) 2025 1.10 0.88–1.37 0.388

Female 89 (34.0 %) 925 (30.0 %) 1014 1.20 0.92–1.57 0.175

Each subject may undergo more than one treatment modality

Significant p values are given in bold (p\ 0.05)

EGD esophago-gastro-duodenoscopy, PEUGIC post-EGD upper gastrointestinal cancer

Table 6 Treatment outcomes

and adjusted survival for post-

EGD upper gastrointestinal

cancer subjects with esophageal

cancer and esophageal cancer

controls

PEUGIC Controls Total Odds ratio 95 % CI p value

EC subjects undergoing surgery Univariate

All 53 (19.0 %) 818 (16.5 %) 871 1.19 0.87–1.62 0.276

Male 38 (23.9 %) 624 (18.9 %) 662 1.35 0.93–1.97 0.115

Female 15 (12.5 %) 194 (11.8 %) 209 1.07 0.61–1.88 0.810

EC subjects undergoing chemotherapy

All 81 (29.0 %) 1172 (23.6 %) 1253 1.32 1.01–1.73 0.040

Male 42 (26.4 %) 825 (24.9 %) 867 1.08 0.75–1.55 0.672

Female 39 (32.5 %) 347 (21.0 %) 386 1.81 1.21–2.70 0.004

EC subject undergoing radiotherapy

All 34 (12.2 %) 554 (11.2 %) 588 1.10 0.76–1.60 0.602

Male 18 (11.3 %) 357 (10.8 %) 375 1.06 0.64–1.75 0.832

Female 16 (13.3 %) 197 (11.9 %) 213 1.13 0.66–1.96 0.652

Survival at 1 year for EC subjects

All 102 (36.6 %) 1734 (35.0 %) 1836 1.07 0.83–1.38 0.588

Male 60 (37.7 %) 1185 (35.8 %) 1245 1.09 0.78–1.51 0.619

Female 42 (35.0 %) 549 (33.3 %) 591 1.08 0.73–1.59 0.702

Each subject may undergo more than one treatment modality

Significant p values are given in bold (p\ 0.05)

EGD esophago-gastro-duodenoscopy, PEUGIC post-EGD upper gastrointestinal cancer, EC esophageal

cancer
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the lower expectation of UGIC in women and younger

subjects by endoscopists, due to the lower incidence of

UGIC in younger and female subjects. The increased risk

of PEUGIC in women in the present study was only related

to EC and not GC. Squamous cell EC accounts for 65.4 %

of all EC in women but only 28.6 % in men, in whom

esophageal adenocarcinoma is much more common [24].

Unlike the readily recognizable signs of early esophageal

adenocarcinoma such as Barrett’s esophagus, the early

signs of squamous cell EC may be less readily recognized

in Western populations [8, 25]. This may explain the

gender difference found in the current study.

Subjects with increasing medical comorbidity were

more likely to have an episode of PEUGIC, which might

relate to a lower tolerance of the procedure due to their

associated medical conditions and therefore quality of

EGD examination. Alternatively, subjects with multiple

comorbidities may be more likely to undergo EGD than

subjects without comorbidity for conditions such as anemia

related to their comorbidities, when a relatively small,

asymptomatic early UGIC might not be detected.

UGIC subjects who presented with alarm symptoms

within 12 months of their EGD were much less likely to be

associated with PEUGIC. Alarm symptoms suggest a more

advanced case of UGIC, and thus, the UGIC would be

more likely to be detected during EGD examination. In

contrast, presenting with hematemesis or melena or GERD

symptoms is not usually associated with UGIC, and

therefore, this may potentially affect the endoscopist’s

awareness of early UGIC during EGD. Surprisingly, the

opposite finding to this has been reported in series in

Scotland and Western Australia with subjects presenting

with alarm symptoms being more likely to experience

PEUGIC [7, 8]. The difference in the findings from these

studies is likely to relate to identifying PEUGIC subjects

within 6 months of UGIC diagnosis, rather than 12 months

in the present study, and diagnosis being delayed in

advanced UGIC cases due to food residue or blood

Table 7 Treatment outcomes

and adjusted survival for post-

EGD upper gastrointestinal

cancer subjects with gastric

cancer and gastric cancer

controls

PEUGIC Controls Total Odds ratio 95 % CI p value

GC subjects undergoing surgery

All 97 (27.4 %) 818 (21.0 %) 915 1.42 1.11–1.82 0.005

Male 61 (28.8 %) 527 (21.5 %) 588 1.48 1.08–2.02 0.014

Female 36 (25.4 %) 291 (20.2 %) 327 1.34 0.90–2.00 0.151

GC subjects undergoing chemotherapy

All 65 (18.4 %) 863 (22.2 %) 928 0.79 0.60–1.05 0.987

Male 41 (19.3 %) 653 (26.6 %) 694 0.66 0.47–0.94 0.022

Female 24 (16.9 %) 210 (14.6 %) 234 1.19 0.75–1.89 0.461

GC subject undergoing radiotherapy

All 24 (6.8 %) 150 (3.9 %) 174 1.82 1.16–2.83 0.009

Male 15 (7.1 %) 98 (4.0 %) 113 1.83 1.04–3.22 0.035

Female 9 (6.3 %) 52 (3.6 %) 61 1.80 0.87–3.74 0.113

Survival at 1 year for GC subjects

All 117 (33.1 %) 1086 (27.9 %) 1203 1.28 1.01–1.61 0.039

Male 70 (33.0 %) 710 (28.9 %) 780 1.21 0.90–1.64 0.207

Female 47 (33.1 %) 376 (26.1 %) 423 1.40 0.97–2.02 0.075

Each subject may undergo more than one treatment modality

Significant p values are given in bold (p\ 0.05)

EGD esophago-gastro-duodenoscopy, PEUGIC post-EGD upper gastrointestinal cancer, GC gastric cancer

Fig. 1 Unadjusted survival from date of diagnosis for subjects with

post-EGD upper gastrointestinal cancer and controls
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obscuring the view, inadequate biopsy sampling, or follow-

up arrangements. In the present study, PEUGIC subjects

who presented with alarm symptoms were more likely to

have endoscopic findings such as esophageal stricture and

gastric ulcer reported at their PEUGIC EGD that are known

to be associated with UGIC. Such endoscopic lesions were

reported in up to 8.3 % of PEUGIC cases. Of these, only

50.0 % of subjects with esophageal stricture or ulcer and

64.6 % of subjects with gastric ulcer had a follow-up EGD

within 90 days in the current study. A lack of adequate

follow-up of these lesions is likely to be a contributing

factor to PEUGIC cases.

PEUGIC subjects appeared more likely to undergo

surgery following UGIC diagnosis; however, this was

likely to be due to confounding factors (such as younger

age) as there was no association after adjusting for other

variables. Overall, there was no difference in both unad-

justed and adjusted survival at 1 year between PEUGIC

subjects and controls. The same findings were also reported

in a Finnish and a recent UK cohort [10, 17, 18]. This

should not be surprising given the very poor overall sur-

vival in UGIC patients, and obviously, the situation might

potentially be very different if the PEUGIC had been

diagnosed at an earlier opportunity.

Encouragingly, the PEUGIC rate in the UK has fallen

over the study period from 7.9 to 2.7 % for EC and

9.0–6.5 % for GC. There are likely to be a number of factors

behind this fall including improvements in endoscopic

pathways, such as routinely following up esophageal stric-

tures or ulcers and gastric ulcers (which has improved from

55.9 to 69.8 % when comparing periods before and after

2000 in the dataset), endoscopists taking more biopsies from

suspicious lesions, improvements in the quality of endo-

scopic imaging, and endoscopists becoming more aware of

early signs of UGIC. The reasons for PEUGIC being more

commonly associated with GC than EC cannot be identified

in the present study. The esophagus has a smaller surface

area, simpler anatomy, and the mucosa is less likely to be

contaminated than the stomach with food, debris, or bile

impeding the endoscopic view. Endoscopists in the UK are

also likely to be less aware of gastric premalignant changes

such as gastric atrophy or intestinal metaplasia than the more

widely recognized premalignant condition Barrett’s esoph-

agus, and this may contribute to more early GC than early

EC not being recognized at EGD.

The large sample size and its unselected nature are the

obvious strengths of the present study, making it the largest

study on PEUGIC to date. The total of 9487 UGIC subjects

included was greater than the sum of all subjects included

in previous studies of PEUGIC. The THIN database spans

over two decades, allowing changes in PEUGIC incidence

to be examined. The THIN primary care centers are spread

across the UK, and subjects are regionally and demo-

graphically representative of the UK. In addition, as

patients must be registered with a primary care practitioner

in order to access secondary care services, this allowed

unbiased subject selection, which is a potential source of

bias in most previous studies due to their subject cohorts

being recruited from a single healthcare provider. Fur-

thermore, the data captured in THIN have previously been

validated in a number of studies [26, 27].

Despite the above advantages, there are a number of

limitations including specific issues related to the THIN

dataset. The lack of ability to link the THIN dataset to the

national cancer registry data is a significant disadvantage.

However, primary care practitioners contributing data to

THIN follow a standardized process and codes for cancer

would not be entered without histological confirmation

from a secondary care provider. In order to further validate

the dataset in the current study, the surgical rates for EC

(14.5 %) and GC (15.1 %) in 2010 from THIN were

compared with the national esophagogastric cancer audit.

The national audit reported a surgical rate of 20.0 % in EC

subjects and 22.4 % in GC subjects, respectively, during

the same period with a case ascertainment of 71.1 % [28].

Furthermore, the 1-year survival rate in the present study

Table 8 The frequency of post-EGD upper gastrointestinal cancer by time period

PEUGIC or diagnostic EGD date for controls PEUGIC Controls Total Odds ratio 95 % CI p value

EC Univariate

Prior to 2004 138 (7.9 %) 1608 1746 3.10 2.21–4.35 \0.0001

2004–2008 94 (5.4 %) 1652 1746 2.06 1.44–2.94 0.0001

2008–2012 47 (2.7 %) 1699 1746 Ref Ref Ref

GC

Prior to 1999 127 (9.0 %) 1289 1416 1.42 1.07–1.88 0.014

1999–2005 135 (9.5 %) 1281 1416 1.52 1.15–2.00 0.003

2005–2011 92 (6.5 %) 1325 1417 Ref Ref Ref

Significant p values are given in bold (p\ 0.05)

PEUGIC post-EGD upper gastrointestinal cancer, EC esophageal cancer, GC gastric cancer
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was similar to national survival rates reported in cancer

registry data. In THIN, the survival rate for EC subjects

diagnosed between 1997 and 1999 was 36.1 % and sub-

jects diagnosed between 2000 and 2002 was 33.8 %, which

is comparable to cancer registry rates of 33.3 and 38.0 %,

respectively [29]. The possibility of administrative delays

in primary care in recording the UGIC diagnosis date led us

to exclude the period within 12 months of UGIC diagnoses

for analysis of PEUGIC, potentially excluding some

PEUGIC cases. However, although addressing the reasons

for patients undergoing an EGD that did not diagnose

UGIC within a few months of their diagnosis is an

important issue, it is much less likely to improve the

prognosis of UGIC than diagnosing the UGIC at an earlier

stage or as a premalignant lesion years before the diagnosis

date in PEUGIC cases. THIN only captures diagnostic out-

comes from EGDs and data potentially relevant to PEUGIC,

such as whether sedation was used, the grade and specialty of

the endoscopist, H. pylori status, if biopsies were taken and

the number of biopsies taken is not recorded, limiting con-

clusions on why PEUGIC cases occurred. Furthermore, the

lack of complete data on UGIC histology and UGIC staging

further limited analysis of potential causes of PEUGIC and

the degree to which an endoscopist could potentially be

responsible for a case of PEUGIC. For example, there may be

virtually no changes at EGD 3 years before later diagnosis

with an early-stage UGIC, whereas 13 months before pre-

senting with an advanced UGIC it is very likely that the

endoscopist missed an existing malignant lesion.

We would recommend that national bodies with

responsibility for endoscopy should encourage research

into EGD quality and set quality standards for EGD that are

similarly stringent to the quality standards for colonoscopy

that have improved outcomes for colonoscopy and col-

orectal cancer over the last decade. We would also rec-

ommend that individual endoscopy units undertake regular

audit of PEUGIC rates and undertake root cause analysis of

identified cases.

In summary, in the largest study to date, the risk of

PEUGIC among UGIC subjects was 6.7 %. PEUGIC was

associated with younger age, female gender, increasing

comorbidity, increasing deprivation, and a lack of alarm

symptoms at presentation. PEUGIC was more common

among GC subjects. Endoscopic findings such as stricture

and ulceration that are known to be associated with UGIC

were recorded in 8.3 % of PEUGIC EGDs, representing

potential missed opportunities for early UGIC diagnosis.
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Appendix 1: Gastric Cancer Read Codes

Read

code

Description

B11..00 Malignant neoplasm of stomach

B11..11 Gastric neoplasm

B110.00 Malignant neoplasm of cardia of stomach

B110000 Malignant neoplasm of cardiac orifice of stomach

B110111 Malignant neoplasm of gastro-esophageal junction

B110z00 Malignant neoplasm of cardia of stomach NOS

B111.00 Malignant neoplasm of pylorus of stomach

B111000 Malignant neoplasm of prepylorus of stomach

B111100 Malignant neoplasm of pyloric canal of stomach

B111z00 Malignant neoplasm of pylorus of stomach NOS

B112.00 Malignant neoplasm of pyloric antrum of stomach

B113.00 Malignant neoplasm of fundus of stomach

B114.00 Malignant neoplasm of body of stomach

B115.00 Malignant neoplasm of lesser curve of stomach

unspecified

B116.00 Malignant neoplasm of greater curve of stomach

unspecified

B117.00 Malignant neoplasm, overlapping lesion of stomach

B119.00 Siewert type III adenocarcinoma

B11y.00 Malignant neoplasm of other specified site of stomach

B11y000 Malignant neoplasm of anterior wall of stomach NEC

B11y100 Malignant neoplasm of posterior wall of stomach NEC

B11yz00 Malignant neoplasm of other specified site of stomach

NOS

B11z.00 Malignant neoplasm of stomach NOS

Appendix 2: Esophageal Cancer Read Codes

Read

code

Description

B10.00 Malignant neoplasm of esophagus

B100.00 Malignant neoplasm of cervical esophagus

B101.00 Malignant neoplasm of thoracic esophagus

B102.00 Malignant neoplasm of abdominal esophagus

B103.00 Malignant neoplasm of upper third of esophagus
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Read

code

Description

B104.00 Malignant neoplasm of middle third of esophagus

B105.00 Malignant neoplasm of lower third of esophagus

B107.00 Siewert type I adenocarcinoma

B10y.00 Malignant neoplasm of other specified part of esophagus

B10z.00 Malignant neoplasm of esophagus NOS

B10z.11 Esophageal cancer

B905000 Neoplasm of uncertain behavior of esophagus

B110100 Malignant neoplasm of cardio-esophageal junction of

stomach

B110111 Malignant neoplasm of gastro-esophageal junction

B106.00 Malignant neoplasm, overlapping lesion of esophagus

B118.00 Siewert type II adenocarcinoma
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