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Background: Gastroesophageal adenocarcinoma is a major contributor to global disease burden with poor prognosis
even in resectable, regionally limited stages. Feasible prognostic tools are crucial to improve patient management,
yet scarce.
Patients and methods: Disease-related symptoms, patient, tumour, treatment as well as laboratory parameters at initial
diagnosis and overall survival (OS) of patients with stage II and III gastroesophageal adenocarcinoma, who were treated
between 1990 and 2020 at the Medical University of Vienna, were evaluated in a cross-validation model to develop a
feasible risk prediction score.
Results: In total, 628 patients were included in this single-centre analysis. The final score ranked from 0 to 10 and
included the factors sex (female þ1), age, years (30-59 þ1, >60 þ2), underweight classified by body mass index
(þ2), location of the tumour (stomach þ1), stage (III þ2), stenosis in endoscopy (þ1) and weight loss (þ1). The
score was grouped into low- (0-3), medium- (4-6) and high-risk (7þ) subgroups. The median OS were 70.3 [95%
confidence interval (CI) 51.2-111.8], 23.4 (95% CI 21.2-26.7) and 12.6 (7.0-16.1) months, respectively. The 1-year
survival probabilities were 0.88 (95% CI 0.83-0.93), 0.75 (95% CI 0.70-0.79) and 0.54 (95% CI 0.39-0.74), whereas
the 5-year survival probabilities were 0.57 (95% CI 0.49-0.66), 0.24 (95% CI 0.20-0.28) and 0.09 (95% CI 0.03-0.28),
respectively.
Conclusions: The VIennese risk prediction score for Oesophagogastric Localized Adenocarcinoma (VIOLA) risk prediction
score poses a feasible tool for the estimation of OS in patients with regionally limited gastroesophageal
adenocarcinoma and, thus, may improve patient management in clinical routine. Prospective analyses should be
carried out to confirm our findings.
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INTRODUCTION

Gastroesophageal cancer is a devastating disease and a
major contributor to global disease burden.1,2 Although
cancer of the upper gastrointestinal tract is more frequent
in Asian countries, there has been a rapid increase of
adenocarcinomas in Western populations in recent years.3,4

It is surmised that tumour biology and, thus, response to
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treatment and overall survival (OS) show variations be-
tween ethnicities.5,6 Yet, prognosis remains poor indepen-
dent of ethnical background7 and even in regionally limited,
resectable stages.8,9 Thus new prognostic tools to improve
patient management are crucial, yet scarce. In particular,
patients with stage II or III adenocarcinoma, who are prone
to disease recurrence, might profit from a feasible
prognostic score.10,11

As there currently are no screening methods for gastro-
esophageal cancer implemented in European patient care, a
large part of diagnoses is made after patients experience
distinguishing symptoms and seek medical advice.12

Although there is no standard definition, the so-called
alarm symptoms include dysphagia, dyspepsia, weight loss
and gastroesophageal bleeding with iron-deficiency ane-
mia,13,14 and are surmised to be associated with the OS.15

Other prognostic factors are patient characteristics such
as sex and age, as well as tumour characteristics such as
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location of the tumour (stomach, gastroesophageal junc-
tion, oesophagus) and tumour stage.8,9,16 Furthermore,
laboratory results that are associated with organ function
such as total blood count, bilirubin and creatinine, nutrition
such as serum albumin, systemic inflammation such as
C-reactive protein (CRP) as well as tumour markers such as
carcinoembryonic antigen (CEA) and carbohydrate antigen
19-9 (CA19-9) are surmised to have prognostic value
in patients with gastroesophageal cancer.17-21 As alarm
symptoms, patient and tumour characteristics as well as
laboratory results are easily retrievable parameters at first
diagnosis, a prognostic score based on these markers might
provide a feasible tool to estimate outcome and improve
patient management early on. Thus the aim of this retro-
spective single-centre analysis was to create a feasible
prognostic score in a large European cohort, which can
easily be implemented in clinical routine to help clinicians
as well as patients with treatment decisions.

METHODS

Data collection

For this single-centre analysis we collected data from pa-
tients who fulfilled the following criteria: age �18 years;
histologically proven localized (clinical stage II and III eval-
uated for this analysis by International Union Against Can-
cer (Union Internationale Contre le Cancer) (UICC) TNM
(tumourenodeemetastasis) Classification of Malignant
Tumoursd8th edition) gastroesophageal adenocarcinoma;
and cancer treatment at the Medical University of Vienna
between January 1990 and December 2020.

Patients who were not treated at the Medical University of
Vienna (i.e. patients who consulted the hospital for a second
opinion only) were not included in this analysis. Eligible pa-
tients were identified from the hospital-owned patient
database of the General Hospital Vienna, Medical University
Vienna, Austria. Tumour staging prior to therapy was
mandatory and carried out according to the hospital stan-
dard. The treatment decision was made according to the
individual decision of an interdisciplinary tumour board,
which ensured the best possible treatment according to the
respective standard of knowledge at the time of diagnosis.
The treatment included systemic chemotherapy and/or gas-
trectomy and/or radiation therapy of the primary tumour.

Clinical information including patient demographics,
symptoms, laboratory parameters and survival outcome
was obtained and stored in a password-secured FileMaker
Pro-based database located on the servers of the Division of
Oncology at the Medical University of Vienna. The following
parameters were assessed as alarm symptoms at the time
of first diagnosis: dysphagia, dyspepsia, weight loss, stenosis
in the endoscopy, active bleeding and ulcers in the endos-
copy, frailty. Dysphagia was classified as positive
(¼dysphagia ‘yes’) when moderate (able to eat some solid
foods) or severe dysphagia (able to swallow liquids only)
was present at the time of first diagnosis. No further
grading of this symptom was applied within the scope of
this analysis. When involuntary weight loss at first diagnosis
2 https://doi.org/10.1016/j.esmoop.2022.100519
was documented in the patient’s history, it was classified as
positive without further grading. Frailty at first diagnosis
was assessed either by Eastern Cooperative Oncology
Group performance status, which is routinely recorded in
the patient’s history before starting therapy and was clas-
sified as ‘frail’ when �2, or by some more detailed patient
information recorded when first diagnosed (i.e. too frail for
resection, the patient received best supportive care).

In addition to alarm symptoms, patient characteristics
[gender, age at first diagnosis, second oncology before or at
the same time as gastroesophageal cancer diagnosis, family
history, year of cancer diagnosis, body mass index (BMI)] as
well as routinely assessed tumour characteristics [location,
stage, human epidermal growth factor receptor 2 (HER2)
positivity], treatment characteristics (chemotherapy at
initial diagnosis, surgical resection, radiation therapy) and
laboratory parameters at first diagnosis [organ function
(total blood count, bilirubin, creatinine), infection (CRP),
nutrition (albumin), tumour markers (CEA and CA19-9)]
were evaluated.

Laboratory parameters were categorized in ‘within/
above/below the normal limit’ according to clinical man-
agement (reference levels: haemoglobin �12.0 g/dl, plate-
lets 150-350 G/l, white blood cells 4.0-10.0 G/l, CRP �0.5
mg/dl, albumin � 35 g/l, creatinine �1.2 mg/dl, bilirubin
�1.2 mg/dl, CEA �5.5 mg/l, CA19-9 �27 kU/l). The refer-
ence levels for BMI were classified as 18.5-24.9 kg/m2

normal weight, �25.0 kg/m2 overweight, <18.5 kg/m2

underweight.
Statistical analysis

We calculated OS as the time from the date of a patient’s
first diagnosis to either date of death or date of last follow-
up visit. Patients without an event were censored at the
final recorded clinical visit. Univariate comparisons of OS
were carried out by KaplaneMeier survival estimates and
log-rank tests as well as Cox proportional hazard models. All
variables but surgery were known at baseline (including the
decision for initial systemic therapy) and hence entered the
models as baseline variables. Surgery was treated as a time-
updated variable with a starting value of 0 at baseline,
switching to 1 on the day of surgery.

Variable selection for the multivariable Cox proportional
hazard model underlying the prognostic score was carried
out by a fivefold cross-validation approach. In each set,
stepwise variable selection by Akaike’s information criterion
starting from the full model was carried out. Goodness of fit
was assessed by comparing Harrell’s concordance statistic
of the training and validation sets in each fold. Variables
that were included in at least four of five resulting models
were considered for the final model. In a last step further
model reduction through stepwise variable selection by
Akaike’s information criterion was allowed. The proportional
hazard assumption in the final model was assessed with
Schoenfeld residuals.

Statistical tests were two sided and P values <0.05 were
considered statistically significant. All analyses were
Volume 7 - Issue 4 - 2022
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conducted using R (version 4.1.1; R Foundation for Statis-
tical Computing, Vienna, Austria) with packages survival
(V3.2-11), caret (V6.0-90) and MASS (V7.3-54) and SPSS
(Version 27; IBM, New York, NY).
Ethical considerations

All procedures followed were in accordance with the Hel-
sinki Declaration of 1964 and later versions. Because of its
retrospective design, no separate informed consent was
necessary within the scope of this study.

Statistical analysis was carried out in a pseudonymized
form, with a patient ID automatically created by the File-
Maker Pro database application. All patient data were ac-
quired and stored according to the current data protection
law of the European Union. This analysis was approved by
the ethics committee of the Medical University of Vienna
(identification number 1600/2021).

RESULTS

Patient and tumour characteristics

We included 628 patients with resectable gastroesophageal
cancer in this analysis. At the time of data cut-off (14 August
2021), 484 (77.1%) patients were already deceased. Base-
line demographic and treatment characteristics and their
association with the OS in univariate analyses are shown in
Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2022.100519. Sex (P ¼ 0.005), age (P ¼
0.002), BMI (P ¼ 0.010), stage (P <0.001) and surgery
(P <0.001) were associated with the OS.
Table 1. Variables by score category (percentages by column)

Low risk
(0-3)

Medium risk
(4-6)

High risk
(7D)

Sex, n (%)
Male 131 (82.4) 308 (70.6) 7 (21.2)
Female 28 (17.6) 128 (29.4) 26 (78.8)

Age (years)
Mean 58.7 65.8 72.1
SD 11.9 11.3 8.7

BMI (kg/m2), n (%)
Normal 34 (21.4) 155 (345.6) 13 (39.4)
Above normal 57 (35.8) 138 (31.7) 10 (30.3)
Below normal 4 (2.5) 12 (2.8) 2 (6.1)
NA 64 (40.3) 131 (30) 8 (24.2)

Location of primary tumour),
n (%)
Gastroesophageal junction 69 (43.4) 199 (45.6) 7 (21.2)
Laboratory parameters

Several patients had laboratory parameters above or below
the normal limit (Supplementary Table S2, available at
https://doi.org/10.1016/j.esmoop.2022.100519). However,
median levels of laboratory parameters of the overall
cohort were within the normal limit: haemoglobin, 13.3
mg/dl [standard deviation (SD) 2.47]; platelets, 259 G/l
(SD 99); white blood cells, 7.18 G/l (SD 2.43); CRP, 0.5 mg/dl
(SD 3.57); albumin, 41.2 g/l (SD 5.3); creatinine, 0.95 md/dl
(SD 0.24); bilirubin, 0.58 mg/dl (SD 0.41); CEA, 2.5 mg/l (SD
42.1); CA19-9, 14.2 kU/l (SD 370.5). Alterations of CRP
(P ¼ 0.018), albumin (P ¼ 0.021), CEA (P ¼ 0.023) and
CA19-9 (P ¼ 0.002) were associated with the OS in
univariate analyses.
Stomach 74 (46.5) 180 (41.3) 26 (78.8)
Oesophagus 16 (10.1) 57 (13.1) 0 (0)

Stage, n (%)
Stage 2 133 (83.6) 96 (22) 0 (0)
Stage 3 26 (16.4) 340 (78) 33 (100)

Stenosis in endoscopy, n (%)
No 97 (61) 190 (43.6) 12 (36.4)
Yes 13 (8.2) 164 (37.6) 20 (60.6)
NA 49 (30.8) 82 (18.8) 1 (3)

Weight loss, n (%)
No 79 (49.7) 146 (33.5) 5 (15.2)
Yes 32 (20.1) 216 (49.5) 28 (84.8)
NA 48 (30.2) 74 (17) 0 (0)

BMI, body mass index; NA, not available; SD, standard deviation.
Symptoms

Dysphagia (50.48% of patients) and dyspepsia (59.55%)
were the most common symptoms, followed by weight loss
(43.95%) and stenosis in endoscopy (31.37%). All these
symptoms were associated with the OS in univariate ana-
lyses, whereas less common symptoms such as weakness
(10.03%) and active gastrointestinal bleeding were not
(7.96%). More detailed results are shown in Supplementary
Table S3, available at https://doi.org/10.1016/j.esmoop.
2022.100519.
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Development of the VIOLA score (VIennese risk prediction
score for Oesophagogastric Localized Adenocarcinoma)

To ascertain the association of parameters with the OS,
further evaluation was carried out with a cross-validation
approach. All predefined demographic and treatment, lab-
oratory and symptom variables (see Methods section),
which were recorded at the time of the diagnosis, were
included in the model building process. The individual var-
iable selection results of the five folds in the cross-
validation and the final model are presented in
Supplementary Tables S4 and S5, available at https://doi.
org/10.1016/j.esmoop.2022.100519, respectively.

Regarding the score distribution in our cohort, 8 (1.3%)
patients had 1, 32 (5.1%) patients had 2, 119 (18.9%) pa-
tients had 3, 163 (26%) patients had 4, 165 (26.3%) patients
had 5, 108 (17.2%) patients had 6 and 33 (5.3%) patients
had 7 points. No participants scored >7 points. Based
on the OS by score (see Supplementary Figure S1, available
at https://doi.org/10.1016/j.esmoop.2022.100519 and
Supplementary Table S6, available at https://doi.org/10.
1016/j.esmoop.2022.100519), the score could be further
grouped into low-(0-3), medium- (4-6) and high-risk (7þ)
subgroups. A total of 159 (25.3%) patients were categorized
in the low-, 436 (69.4%) in the medium- and 33 (5.3%) in
the high-risk group. The median OS was 70.3 months [95%
confidence interval (CI) 51.2-111.8] in the low-, 23.4 months
(95% CI 21.2-26.7 months) in the medium- and 12.6 months
(7.0-16.1 months) in the high-risk group. Table 1 shows the
variables by score categories.
https://doi.org/10.1016/j.esmoop.2022.100519 3
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Table 2. VIOLA score

Risk factor Score

Female sex þ1
Age, years
30-59 þ1
60þ þ2

BMI low þ2
Location: stomach þ1
Stage 3 þ2
Stenosis in endoscopy þ1
Weight loss þ1

BMI, body mass index; VIOLA, Viennese risk prediction score for Oesophagogastric
Localized Adenocarcinoma.

ESMO Open H. C. Puhr et al.
As seen in Figure 1, the differences in survival probabil-
ities of low-, medium- and high-risk groups were statistically
significant (P < 0.0001). The survival probabilities for 1 year,
2 years and 5 years according to the risk group are shown in
Figure 2. The 1-year survival probabilities for low-, medium-
and high-risk groups were 0.88 (95% CI 0.83-0.93), 0.75
(95% CI 0.70-0.79) and 0.54 (95% CI 0.39-0.74), respectively,
whereas the 2-year survival probabilities were 0.75 (95% CI
0.68-0.82), 0.48 (95% CI 0.44-0.54) and 0.13 (95% CI 0.05-
0.32), and the 5-year survival probabilities were 0.57 (95%
CI 0.49-0.66), 0.24 (95% CI 0.20-0.28) and 0.09 (95% CI 0.03-
0.28), respectively.
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Seven factors (sex, age, BMI, location of primary tumour,
stage, stenosis in endoscopy, weight loss) have proven to be
statistically relevant in the final Cox proportional hazards
regression model with the following parameter estimates:
sex: female ♌ ¼ 0.33; location: stomach ♌ ¼ 0.31; stage 3
♌ ¼ 0.77; stenosis in endoscopy ♌ ¼ 0.38; weight loss
♌ ¼ 0.24; BMI low ♌ ¼ 0.75; age per decade ♌ ¼ 0.12.
Cross-validation showed stable results with similar Harrell’s
concordance statistics in the validation sets as in the
training sets. For ease of use the model coefficients were
translated into a simple score (Table 2). Points were allo-
cated to risk factors proportional to effect size. Age cate-
gories were selected so that the magnitude of the grouped
age effect would at least reach the magnitude of the effects
of other risk factors as well as by clinical relevance. In the
presence of a risk factor the corresponding value is added
to a patient’s total. Absence of a risk factor or unavailability
of data add 0 to the total. The total score ranges from
0 to 10.

DISCUSSION

The VIOLA score presents a novel prognostic tool to assist
physicians as well as their patients in treatment decisions
and, thereby, improve patient management (Table 2). The
advantage of the VIOLA score compared with other recently
developed prognostic assessments is its clinical feasibility
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+

+
+

+ + + + + +

P < 0.0001

15 20 25
ears

+ + +0-3 4-6 7+

18 11 3

9 2 1

0 0 0

15 20 25
ears
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and, thus, its potential to serve as an additional stratifica-
tion parameter in everyday clinical routine as well as in
clinical trials.22-25 To counteract possible bias due to low
patient number in some score groups, the cohort could be
divided into three risk groups, which further improves
clinical feasibility in everyday routine.

Compared with other already established prognostic
tools, the VIOLA score is favourable for several reasons.
Major contributors to low feasibility in everyday practice of
other scores are (i) the need for information that is not
available at initial diagnosis, such as specific treatment in-
formation22,23,26,27; (ii) the need for information that needs
to be evaluated solely to calculate the score28-30; (iii)
complicated calculations to get appropriate score results.31

Another important issue of existing scores is the fact that
known key prognostic factors such as age and sex are often
not included and, thus, represent major limitations.32 Ana-
lyses of the Surveillance, Epidemiology, and End Results
(SEER) database showed that older age may decrease sur-
vival chances by lower life expectancy in general as well as
higher comorbidity burden and even lack of social and
connubial support.33

Furthermore, all previously established scores were based
on limited patient numbers and additional patient hetero-
geneity concerning stage and routinely assessed histological
subtype, which leads to poorer representability.22 The large
European cohort of the VIOLA score iswell in linewith current
literature8,9,16,34 and emphasizes the importance that specific
patient and tumour characteristics should be considered
when developing prognostic tools.35

Interestingly, weight loss as well as changes in BMI were
included in the score, which indicates that not only
Volume 7 - Issue 4 - 2022
underweight but also the weight loss itself (as well as when
the BMI stays within or above the normal limit) is an
important risk factor.15,34 It is noteworthy that laboratory
parameters, although in part associated with prognosis in
univariate analyses, were not included in the final score
model. Although the association of laboratory parameters
such as tumour or inflammatory markers with the OS has
often described to be highly promising, our results
emphasize the variability of their prognostic effect in
different patient groups.24,36,37

In addition, common alarm symptoms, although of low
predictive value concerning diagnosis,38-40 play an impor-
tant role in prognosis of gastroesophageal cancer due to
possible reduction of quality of life as well as the nutritional
status.12

In the era of personalized medicine, specific patient
needs and quality of life are in the spotlight of high-end
patient care as well as clinical trials. The wide range of
survival probability in our homogenous cohort and presence
of patients with dismal OS expectance as seen in metastatic
settings emphasizes that routinely assessed histological
parameters and staging alone are not sufficient for the
assessment of OS prognosis.
Strengths, limitations and future perspective

The rationale and feasibility of this project were based on
the recently published Viennese risk prediction score for
Advanced Gastroesophageal carcinoma based on Alarm
Symptoms (VAGAS) score, which is a risk prediction score
for patients with metastatic gastroesophageal cancer.41 As
patients with advanced disease often have more severe
https://doi.org/10.1016/j.esmoop.2022.100519 5
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clinical presentation, restricted organ functions depending
on metastatic sites as well as different treatment strategies,
the VAGAS score is not feasible for patients with regionally
limited disease.

Our highly representative large European study cohort
presents a major strength of this single-centre analysis, as
results might be transferable to other Western cohorts. A
further strength of this study is the large time frame in
which it was conducted, as this allows for long follow-up
periods in a curative patient population. Limitations due
to the change of treatment regimen as well as improved
patient management throughout the past three decades
was minimized as all patients were treated according to the
individual decision of an interdisciplinary tumour board.
There was no statistically significant difference in the OS
throughout the observed period (Supplementary Table S1,
available at https://doi.org/10.1016/j.esmoop.2022.
100519). Although surgery was associated with the OS in
univariate analysis, different treatment approaches
including surgery had no statistically significant impact on
the OS in the cross-validation model, neither as baseline nor
as time-updated variables. In addition, no comparison of
different treatment regimen is feasible within the scope of
this analysis as a result of individual decision making by the
interdisciplinary tumour board.

The major limitations to consider are the retrospective
character and missing data, which were minimized by the
obligatory detailed documentation of the patient history at
the General Hospital Vienna. Yet knowledge about the exact
mechanism behind risk factors could not be explored in this
analysis. Thus results of this retrospective single-centre
analysis have to be verified in a prospective cohort to
optimize data collection.

Furthermore, the investigation of longitudinal effects of
the prognostic factors included in the score should be
addressed in further studies as our results only represent
data at the time of first diagnosis.
Conclusion

As gastroesophageal adenocarcinoma is associated with
poor prognosis even in resectable stages, we evaluated the
prognostic impact of alarm symptoms, patient and tumour
characteristics as well as routine laboratory parameters at
first diagnosis in a large European cohort. To improve pa-
tient management, we developed a feasible prognostic
score, which includes the factors sex, age, BMI, location of
the tumour, clinical stage, stenosis in endoscopy and weight
loss. The risk prediction score may assess the 1-, 2- and 5-
year survival probability and help clinicians as well as
patients with treatment and supportive management de-
cisions. More profound knowledge about the patient’s
prognosis may endorse more thoroughly follow-up care as
well as early supportive treatment arrangements such as
psychological and dietary care. Thus the VIOLA score may
provide a feasible prognostic tool for everyday clinical
routine as well as clinical studies.
6 https://doi.org/10.1016/j.esmoop.2022.100519
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