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Background: Esophageal cancer is associated with poor prognosis. Diagnosis is often delayed, resulting in
presentation with advanced disease. We developed a clinical score to predict the risk of a malignant diagnosis
in symptomatic patients prior to any diagnostic tests.

Methods: We analyzed data from patients referred to a regional esophageal diagnostic assessment program
between May 2013 and August 2016. Logistic regression was performed to identify predictors of malignancy
based on patient characteristics and symptoms. Predicted probabilities were used to develop a score from
0 to 10 which was weighted according to beta coefficients for predictors in the model. Score accuracy was
evaluated using a receiver operating characteristic (ROC) curve and internally validated using bootstrapping
techniques. Patients were classified into low (0-2 points), medium (3—6 points), and high (7-10 points) risk
groups based on their scores. Pathologic tissue diagnosis was used to assess the effectiveness of the developed
score in predicting the risk of malignancy in each group.

Results: Of 530 patients, 363 (68%) were diagnosed with malignancy. Factors predictive of malignancy
included male sex, family history of cancer and esophageal cancer, fatigue, chest/throat/back pain, melena
and weight loss. These factors were allocated 1-2 points each for a total of 10 points. Low-risk patients had
70% lower chance of malignancy (RR =0.28, 95% CI: 0.21-0.38), medium-risk had 50% higher chance of
malignancy (RR =1.5, 95% CI: 1.26-1.77), and high-risk patients were 8 times more likely to be diagnosed
with malignancy (RR =8.2, 95% CI: 2.60-25.86). The area under the ROC curve for malignancy was 0.82
(95% CI: 0.77-0.87).

Conclusions: A simple score using patient characteristics and symptoms reliably distinguished malignant
from benign diagnoses in a population of patients with upper gastrointestinal symptoms. This score might be

useful in expediting investigations, referrals and eventual diagnosis of malignancy.
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Introduction

Esophageal cancer is the eight most common cancer
diagnosed worldwide with some geographical variations
in histology and epidemiology (1). In North America and
Europe, squamous cell carcinoma (SCC) of the esophagus
has been decreasing while esophageal adenocarcinoma
(EAC) rates are on the rise (2,3). In Canada, rates of EAC
have doubled in the last 20 years. This rising rate of EAC in
Canada is associated with poor survival, with reported 5-year
survival rate of about 13% in Canada (4). The poor prognosis
associated with esophageal cancer is in part due to the late
presentation of the disease, with at least half the patients
being diagnosed with stage IV (5). Although population
screening for esophageal cancer has been advocated in some
Asian countries with higher incidence of esophageal cancer
(6,7), there exists no North American or European guideline
on screening for esophageal cancer (8). Studies assessing the
cost-effectiveness of esophageal cancer screening in North
America have yielded mixed results with most studies failing
to show improvements in long-term survival (9-11). Patients
with advance esophageal cancer may present with some
upper gastrointestinal symptoms. About half the patients
diagnosed with esophageal cancer have a history of heartburn
or acid regurgitation (12,13). Dysphagia has been reported
as a common presenting symptom in esophageal cancer and
is often associated with fatigue and weight loss (14). While
dysphagia is an alarming symptom, it has been reported to
be relatively prevalent in the general non-cancer population,
with an incidence of up to 20% in the elderly (15). Incidence
of malignancy in patients presenting with dysphagia is
estimated to be about 10-15% (16-19). Symptoms other than
dysphagia and their predictive ability to diagnose esophageal
cancer have not yet been well studied.

The Esophageal Diagnostic Assessment Program
(EDAP) at our institution is a recently developed program
composed of various disciplines aiming at rapid assessment
of patients referred for symptoms of dysphagia along
with other symptoms potentially indicative of upper
gastroesophageal malignancies. However, as such symptoms
can be non-specific and in a significant portion of patients
become associated with benign diagnosis, developing a tool
to predict the risk of malignancy based on a number of risk
factors can help allocate limited resources more efficiently.
The aim of this study was to design and validate a simple
clinical scoring system to identify high risk patients referred
to our EDAP with upper gastrointestinal symptoms prior to
performing any diagnostic tests.
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Methods

This is a retrospective analysis of prospectively collected
data from patients referred to a regional EDAP at St Joseph’s
Healthcare Hamilton, McMaster University between May
2013 and August 2016. Patients can be referred to our
EDAP if they are found to have any concerning symptoms
that might suggest an underlying upper gastrointestinal
malignancy requiring further investigations. In addition,
patients may also be referred by endoscopists if they have
suspected or proven diagnosis of esophageal cancer. All
referred patients were contacted prior to their first clinical
appointment by a medical clerk unaware of the diagnosis.
A comprehensive battery of questions was then completed
collecting demographic data, medical history and clinical
symptoms, without a knowledge of patient’s diagnosis
(Tibles 1 and 2). The information was recorded prospectively
in a computerized database. All patients underwent an
esophagogastroduodenoscopy (EGD) as the initial diagnostic
assessment. The diagnosis of esophageal cancer was made
based on pathological confirmation from endoscopic
biopsy samples demonstrating invasive carcinoma. Those
diagnosed with esophageal cancer completed further staging
investigations. A 10-point questionnaire was then developed
retrospectively from the initial battery of questions used
prospectively at the initial telephone intake and applied
to the entire study cohort, assigning each patient as either
low, medium or high risk based on cut-off probabilities.
A comparison was then made between the questionnaire
prediction and the actual diagnosis.

Approval for this study was obtained from our
institutional Research Ethics Board (Hamilton Integrated
Research Ethics Board, REB#13-218). Informed consent
from the participants was not required for this study.

Statistical analysis

Statistical comparisons of the two groups (benign and
malignant) were performed using the univariate Chi-
square test for categorical variables and Student’s t-test
for continuous variables. Binary logistic regression was
used to identify independent predictors of malignancy.
Variables included in the model were age (years), sex
(male, female), alcohol use (none, socially, weekly, daily,
more than 1 per day, heavy), family history of cancer
(yes/no), smoking history (never, former, current) and
symptoms of dysphagia, loss of appetite, fatigue, hoarse
voice, regurgitation, indigestion, nausea, heartburn, cough,
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Table 1 Baseline characteristics of the patients in benign and malignant groups
Variables Benign, N=168 (31.7%) Malignant, N=362 (68.3%) Total, N=530 (100.0%) P value*
Age (years): mean (SD) 67.4 (£12.74) 67.7 (x10.45) 67.5 (x11.49) 0.814
BMI: mean (SD) 26.8 (+6.01) 27.0 (£5.91) 26.9 (+5.85) 0.755
Sex: n (%)’ <0.001
Female 80 (54.1) 68 (45.9) 148 (100.0)
Male 88 (23.0) 294 (77.0) 382 (100.0)
Alcohol use: n (%) 0.065
None 58 (40.8) 84 (59.2) 142 (100.0)
Socially 40 (24.7) 122 (75.3) 162 (100.0)
Weekly 16 (32.7) 33 (67.3) 49 (100.0)
Daily 10 (27.8) 26 (72.2) 36 (100.0)
More than 1 per day 10 (25.0) 30 (75.0) 40 (100.0)
Heavy 14 (29.8) 33(70.2) 47 (100.0)
Smoking status: n (%)* 0.237
Never 43 (37.1) 73 (62.9) 116 (100.0)
Former 72 (28.3) 182 (71.7) 254 (100.0)
Current 43 (32.3) 90 (67.7) 133 (100.0)
Family history of cancer: n (%) 0.119
None 62 (32.3) 130 (67.7) 192 (100.0)
Other cancer 54 (27.8) 140 (72.2) 194 (100.0)
Esophageal cancer 7(16.7) 35 (83.3) 42 (100.0)

', 39 missing; 2, 93 missing; °, 66 missing; ¢, 141 missing; *, Chi-squared or t-tests.

melena, odynophagia, chest throat or back pain, vomiting,
hemoptysis and weight loss (all categorized as yes/no). A
backwards elimination method (threshold of P<0.5, and
relative contribution to the model) was used to determine
the final variables for the predictive model with the outcome
of diagnosis of malignancy. Hosmer and Lemeshow’s
test was used to assess goodness of fit (20). Predictive
models may have an overestimated performance when
determined on the sample of subjects used to build the
model. Therefore, internal validation is required to provide
more reliable estimates of performance. Bootstrapping is an
internal validation approach that provides stable estimates
with low bias (21). The bootstrap technique draws random
samples from the original data with replacement and model
performance is estimated for each sample. This process
generates a sampling distribution of the statistic of interest,
which are used to provide more accurate estimates. We ran
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100 bootstrap samples (N=530), using the simple sampling
approach (case resampling with replacement from the
original dataset), with 95% confidence intervals estimated
using the percentile approach. The predicted probabilities
(the probability of each patient being diagnosed with
malignancy) were used to develop a score out of 10, with
higher score more likely to result in a malignant diagnosis.
The individual score for each variable included in the final
model was weighted according to the relative contributions
of that variable using the beta coefficients. Accordingly,
each variable was allocated a maximum score of 1 or
2 points. For clinical application the total score was divided
into three categories (likelihood of esophageal cancer): low
[0-2], medium [3-6] and high [7-10]. The area under the
receiver operating characteristics (ROC) curve was then

calculated. Statistical analysis was performed using SPSS®
version 14 (SPSS, Chicago, Illinois, USA).
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Table 2 Distribution of symptoms experienced by participants in the benign and malignant groups

Variables* Benign, N=168 (31.7%) Malignant, N=362 (68.3%) Total, N=530 (100.0%) P value™*
Number of symptoms: mean (+SD) 4 (x2) 5 (x2) 5 (x2) 0.011
Dysphagia 112 (31.1) 248 (68.9) 360 0.353
Loss of appetite 39 (26.9) 106 (73.1) 145 0.346
Fatigue 41 (21.0) 154 (79.0) 195 0.001
Hoarse voice 31 (31.0) 69 (69.0) 100 0.677
Regurgitation 59 (27.8) 153 (72.2) 212 0.181
Indigestion 33 (37.5) 55 (62.5) 88 0.053
Nausea 14 (25.5) 41 (74.5) 55 0.478
Heartburn 79 (36.2) 139 (63.8) 218 0.058
Cough 50 (36.8) 86 (63.2) 136 0.073
Melena 4 (8.5) 43 (91.5) 47 0.001
Odynophagia 32 (25.4) 94 (74.6) 126 0.081
Pain (throat, chest, back, epigastric) 47 (21.2) 175 (78.8) 222 <0.001
Vomiting 24 (32.4) 50 (67.6) 74 0.835
Hemoptysis 6 (27.3) 16 (72.7) 22 0.644
Weight loss 58 (19.9) 233 (80.1) 291 <0.001

*, missing data: 10-34%; **, Chi-squared or t-test.

Results

From May 2013 to August 2016, 530 patients were
referred to the EDAP at our institution. Of those, 368
(62%) were eventually diagnosed with esophageal or
gastroesophageal junction cancer. There were more
males in the malignant group, while age, body mass
index (BMI), alcohol consumption, smoking history and
a history of other cancers or family history of cancer did
not differ between the groups. Tuable 1 summarizes the
baseline characteristics of the patients included in the
study based on their final diagnosis. Of all malignant and
dysplasia diagnoses, 287 (79%) were adenocarcinoma, 58
(16%) were SCC and 17 (5%) were Barrett’s esophagus.
Amongst those with benign diagnoses, the prevalence
of inflammatory esophageal disease was 27 (16%), hiatal
hernia was 23 (14%), benign stricture was 11 (7%) and
motility disorder was 10 (6%). Seventy five patients of
the benign group (45%) did not have a specific etiology
of their symptoms identified based on their endoscopic
assessment. Tzble 2 summarizes the distribution of the
presenting symptoms based on the final diagnoses.
Dysphagia was the most common presenting symptom in
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the entire population (n=360, 68%), followed by weight
loss (n=291, 55%). While prevalence of dysphagia was not
found to significantly differ between the malignant and
benign groups (P=0.35), fatigue, weight-loss, melena and
throat/neck/chest pains were associated with an eventual
diagnosis of malignancy in the univariate analysis.

After backwards elimination, the final variables retained
in the model to develop the scoring system were sex, family
history of cancer, family history of esophageal cancer,
fatigue, pain in chest, throat or back, age, melena and
weight loss. The strongest predictor of esophageal cancer
was male sex (OR 6.13; 95% CI: 3.33-11.24), followed by
family history of esophageal cancer (OR 4.07; 95% CI:
1.21-13.68) and melena (OR 3.39; 95% CI: 1.05-10.9).
Table 3 outlines the final model.

The scoring system (out of 10) devised from the model
based on the log odds of having esophageal cancer allocated two
points each for male sex, family history of esophageal cancer and
melena and one point each for family history of cancer, fatigue,
chest/throat/ epigastric/back pain and weigh loss as shown in
Figure 1. Patients were classified into three risk groups based on
their score (low: 0-2, medium: 3—6, high: 7-10). Model fit was
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Table 3 Final predictive model for malignant diagnosis
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95% Cl for OR Bootstrap
Variables B OR
Lower Upper P value P value Bias*

Sex (male) 1.813 6.126 3.339 11.238 0.000 0.010 0.115
Family history of cancer (yes) 0.783 2.188 1.210 3.958 0.010 0.010 -0.027
Family history of esophageal cancer (yes) 1.403 4.068 1.209 13.683 0.023 0.020 0.338
Fatigue (yes) 0.866 2.378 1.308 4.323 0.004 0.010 0.031
Pain in throat, chest or back (yes) 0.991 2.695 1.488 4.881 0.001 0.010 0.339
Age (years) 0.026 1.026 1.001 1.052 0.040 0.040 0.002
Melena (yes) 1.220 3.387 1.053 10.895 0.041 0.010 0.683
Weight loss (yes) 0.929 2.532 1.438 4.458 0.001 0.010 0.060

*, the difference between the mean of the bootstrap beta-coefficient and the regression beta coefficient. Smaller values are better.

Risk factors Score

Male 2
Sex

Female 0
Family history of Yes 2
esophageal cancer No 0

Yes 2
Melena

No 0

Yes 1
Family history of cancer

No 0

Yes 1
Fatigue

No 0
Pain (chest/throat/ Yes 1
epigastric/back) No 0

Yes 1
Weight loss

No 0
Total score (/10)

Figure 1 Esophageal cancer screening questionnaire. Low risk:
1-2, medium risk: 3-6, high risk: 7-10.

very good (Hosmer and Lemeshow goodness of fit test: Chi-
square =5.8; df=8; P=0.670). After bootstrapping, bootstrap
estimates and significance tests for the Beta coefficient were
similar and bias was low (as shown in Titble 3).

"The score in its current form has area under the ROC curve
0f 0.82 (95% CI: 0.77-0.87; P<0.001) as shown in Figure 2.

Table 4 summarized the distribution of benign and
malignant disease in the different risk groups (low, medium
and high). In this sample, patients classified as low risk
(0-2 points) had a 70% lower chance of malignancy (RR
=0.28; 95% CI: 0.21-0.38; P<0.001). Patients classified
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Figure 2 Area under the ROC curve for malignancy prediction

score. ROC, receiver operating characteristic.

as medium risk (3 to 6 points) had a 50% higher chance
of malignancy (RR =1.5; 95% CI: 1.26-1.77; P<0.001).
Patients classifies as high risk (7 to 10 points) were 8 times
more likely to be diagnosed with malignancy (RR =8.2;
95% CI: 2.60-25.86; P<0.001).

Discussion

The rising rates of EAC in North America and the lack of a
cost-effective screening tool has contributed to the high rates
of advanced-stage diagnoses and poor survival of esophageal
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Table 4 Prevalence of benign and malignant disease in the three
predicted risk groups

Prediction score

Outcome

Low risk [0-2] Medium risk [3-6] High risk [7-10]
Benign 85 (62%) 80 (24%) 3 (5%)
Malignant 52 (38%) 257 (76%) 53 (95%)
Total 137 (100%) 337 (100%) 56 (100%)

cancer (14,22). EGD remains the gold standard for diagnosis of
esophageal cancer. Given the current incidence of esophageal
cancer in North America, mass population screening has not
been recommended by any North American or European
societies (23,24). The quick and simple questionnaire proposed
here to identify those symptomatic patients at high risk
of malignancy classifies patients into three risk categories.
Patients identified as high risk (score 7-10) were found to be 8
times more likely to have diagnoses of esophageal malignancy
and therefore might benefit from an expedited care. This
questionnaire is most applicable to a tertiary care centre
responsible for care of patients with esophageal disease and can
be administered by a healthcare professional responsible for
the intake of consults in an attempt to expedite the initial clinic
visits and further investigations for patients identified as high
risk of esophageal malignancy.

Esophageal cancer is often asymptomatic until it progresses
to advance disease. On the other hand, nonspecific upper
gastroenterology symptoms are often not investigated due to
their high prevalence in older population which ultimately
leads to delays in diagnosis. In order to improve early diagnosis
of esophageal cancer, studies have assessed the association
between esophageal cancer and various upper gastrointestinal
symptoms such as dysphagia. A number of previous studies
have attempted to identify patients at high risk of malignancy
amongst those who present with dysphagia. The Edinburg
Dysphagia Score (EDS) is an example of a scoring system
devised to identify high risk patients referred for dysphagia
and includes age, sex, weight loss, duration of symptoms,
localization of dysphagia and acid reflux as risk factors for
malignancy (25). Another similar study showed malignancy
to be more common in older men with a shorter duration of
symptoms (less than 8 weeks) and associated weight loss but
no associated reflux symptoms (18). While dysphagia remains
a common presentation in patients with esophageal cancer,
its high prevalence in various benign conditions takes away
from its diagnostic predictability of esophageal cancer (16-19).

© Journal of Thoracic Disease. All rights reserved.
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In our study, although the prevalence of dysphagia was higher in
the malignant group (69% vs. 31%), this difference did not reach
significance. The difference between our findings and previous
studies that have reported a significant association between
dysphagia and esophageal cancer might lie in the inherent
nature of our referrals not being primarily for symptoms of
dysphagia, whereas previous studies have mainly assessed the risk
of esophageal cancer in patients presenting predominantly with
symptoms of dysphagia (18,25,26). Our study is unique in this
regard by having a wider referral pattern than primarily dysphagia.

Amongst all other presenting symptoms assessed in our
study, melena was the strongest predictor of esophageal
cancer (OR: 3.4) followed by sensation of pain in throat,
back, epigastric or chest (OR: 2.7) as well as weight loss (OR:
2.5) and fatigue (OR: 2.4). Weight loss has been shown to
be a significant predictor of esophageal malignancy by other
studies (18,25,26). The association between esophageal
cancer and pain (abdominal and epigastric pain) has also been
shown in a British database review (27). Very few studies
have reported on the association between esophageal cancer
and the remaining symptoms mentioned above. Our study
showed that male sex, family history of esophageal cancer and
family history of other malignancies are all significant risk
factors of esophageal malignancy. The association between
family history and esophageal cancer has been studied
previously (28-30). Studies have shown family history to be a
risk factor for SCC, however the evidence for the association
between family history and EAC is somewhat mixed. The
results of our study are novel in showing an association
between esophageal cancer and family history of not only
esophageal cancer but also other malignancies.

In our study, although rates of smokers and heavy alcohol
drinkers were higher in the esophageal malignancy group
compared to the benign group, they were not independent
predictors of malignancy. Smoking and alcohol drinking
and their association with esophageal cancer in patients
presenting with dysphagia has not been well examined
in studies conducted in Europe including the study that
reported on the EDS by Rhatigan et a/. (18,25). A Japanese
study by Tsukamoto and colleagues (26) reported smoking
and heavy alcohol drinking to be significantly associated with
esophageal malignancy. The observed difference between
our findings and those of Tsukamoto et 4/ and other studies
from Asia might be due to the difference in geographical
variations of histology of esophageal cancer with SCC being
more prevalent in Asia compared to North America. Previous
studies have included age as a predictor of malignancy (25).
In our study, age was a significant predictor, however, it

7 Thorac Dis 2020;12(3):191-198 | http://dx.doi.org/10.21037/jtd.2020.02.07



Journal of Thoracic Disease, Vol 12, No 3 March 2020

contributed very little in the final model and therefore was
not included. In this study, BMI was also not included in the
final model as there was no significant difference in the BMI
across the two groups. However, this could be partly due to
the missing BMI value for portion of the patients.

Our study has some limitations. The study population
included all patients referred to a regional tertiary care
centre for management of esophageal diseases and includes
those with symptoms concerning for upper gastrointestinal
malignancy as well as those with confirmed pathological
diagnoses of esophageal cancer by a prior endoscopic
assessment. Therefore, the study population is pre-selected
to have more prevalence of malignancy compared to
other studies that included patients mainly based on their
symptom presentation. This is further demonstrated in the
high prevalence of esophageal cancer diagnosis in the study
population (68%). This population is representative of most
referral patterns to centres that treat esophageal cancer in
Canada and the United States. However, the nature of the
study population limits the generalizability of the results to
the primary care population, although it does give a useful
starting point for initial assessment and decision making in
patients with worrisome symptoms.

The retrospective nature of the study resulted in some
missing data as shown in 7able I which might affect the
association between some of the risk factors such as alcohol
consumption or BMI and malignant diagnosis. Another
limitation of this study compared to prior studies in this
area is the lack of information on the quantity of weight loss
as well as the duration of symptoms. While some studies
have shown certain quantity of weight loss (often >3 kg) and
short duration of symptoms (<8 weeks) to be associated with
diagnosis of esophageal malignancy (18,25), we were not able
to specifically assess those associations as this information was
not collected as part of the data collection. Another limitation
of this study is that the assessment tool proposed here has
not yet been validated in another population. Although
bootstrapping methods did show satisfactory internal validity,
external validity of this questionnaire in another population
remains an important next step. Finally, although the tool
can help us prioritize patients at high risk of esophageal
cancer, those identified as low risk still require relatively
urgent attention as 38% were still found to have a malignant
diagnosis. In spite of those limitations, we believe that this
score will be useful in triaging and prioritizing further
investigations for all patients with upper GI symptoms and
will serve as a tool for clinicians who often encounter those
symptoms in their patients.
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In summary, in patients referred for suspected or
diagnosed esophageal cancer, male patients with family
history of esophageal cancer or other malignancies as
well as symptoms of melena, weight loss, fatigue and pain
(throat, chest or back) are more likely to have an eventual
diagnosis of esophageal cancer. We have developed a simple
assessment tool that can be applied prior to the first clinic
visit to all patients referred to an EDAP to identify those at
high risk of esophageal malignancy and potentially expedite
their assessment and care accordingly. We recommend
further testing of this tool in routine clinical practice.
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