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Abstract 

Introduction
The aims of the present study are to validate the Physiological and Operative Severity Score 

for the enUmeration of Mortality adjusted for esophagogastric surgery (O-POSSUM) and to 

analyze the relation between the preoperative condition of patients and long-term survival.

Patients and Methods
Data on patients who underwent potentially curative esophagectomy in a tertiary referral 

centre for adeno- or squamous cell carcinoma of the esophagus were analyzed. Mortality 

predicted by O-POSSUM was compared to the actual mortality with linear analysis. 

Results
In-hospital mortality was observed in 24 of 663 patients (3.6%). The O:P (observed 

: predicted) ratio for in-hospital mortality was 0.29. The model had a significantly poor 

fit (P<0.001). The area under the Receiver Operator Characteristic curve was 0.60 (95%; 

0.47-0.72, p=0.113). O-POSSUM was not related with the severity of complications. Patients 

with high physiological scores had significantly more chance to die due to a non-cancer 

related cause (p=0.001).

Conclusions
O-POSSUM overpredicted in-hospital mortality threefold and could not identify patients with 

a higher risk for in-hospital mortality. However, a worse condition is related with worse long-

term survival. The O-POSSUM score needs substantial modification before it can be applied 

for the comparison of treatment outcomes between different institutes, but may have a role 

in prognostication.
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Introduction

There is debate about how to compare hospital’s performance with each other1-3. Although 

the operative mortality rate is an objective and robust measure of outcome that can be used 

to inform patients and to compare quality of care between hospitals, direct comparison of 

rates can be misleading. Crude rates do not take into account the case-mix difference, i.e. 

the differences in physiological condition between patients and the severity and extent of 

surgery.

The Physiological and Operative Severity Score for the enUmeration of Mortality and 

morbidity (POSSUM) was developed in the U.K. to allow risk-adjusted audit of surgical 

morbidity and mortality in general surgery4,5. This model has been adapted into a specialized 

model for the prediction of risk-adjusted postoperative mortality in Esophageal / upper 

gastrointestinal surgery (O-POSSUM)6. The O-possum score predicts in-hospital mortality 

based on a combination of the actual age of the patient, the physiological score (based on 

12 parameters) and three operative parameters. Each of these factors is weighed to a value 

and subsequently the predicted in-hospital mortality is calculated with use of a logarithmic 

formula. O-POSSUM has been reported to provide an accurate risk-adjusted prediction of 

in-hospital mortality. It has been advised to use this model for surgical audit and preoperative 

counseling of patients. However, before a case-mix model can be applied in clinical practice it 

must be externally validated. O-POSSUM has never been validated in an independent group 

of patients with adeno- or squamous cell carcinoma of the esophagus.

Recently, it has been shown that the POSSUM score is a risk indicator for overall survival in 

patients with colorectal cancer7. Thus far it is unknown if there is any relation between the 

physiological condition of the patient and long-term survival after esophagectomy for cancer 

of the esophagus.

The aims of the present study were to validate O-possum with regards to postoperative 

mortality, to study if this score has any relation with post-operative morbidity and to analyze 

the relation between the preoperative condition of patients and long-term survival.

Patients and Methods

Patients
A consecutive series of patients who underwent potentially curative esophagectomy for 

adenocarcinoma or squamous cell carcinoma of the esophagus or gastroesophageal junction 

(GEJ) between January 1993 and August 2005 were included. Extensive preoperative staging 

had not revealed local irresectability and / or distant metastases (including tumor positive 

cervical lymph nodes or irresectable celiac nodes). cTNM staging was done with the combined 

information of all diagnostic modalities. Clinicopathological data were permanently collected 

in a prospective database. 
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Surgery and pathology of the resection specimen
Surgery was performed / supervised by one of three experienced surgeons at the Academic 

Medical Centre at the University of Amsterdam (ORCB, HO, JJBvL,). Staging was done 

according to the TNM classification for esophageal cancer8.

Definition of in-hospital mortality and complications 
The primary endpoint was in-hospital mortality, defined as death during the same hospital 

admission as the operation. Complications were categorized according to the morbidity scale 

proposed by Dindo et al9 which is based on the therapeutic consequences of complications 

Categorization was performed according to the most severe complication by a panel (SML, 

MIBH, ORCB and JJBvL).

 

Follow-up
Follow-up was performed until June 2006, ensuring a minimal potential follow-up of 10 

months. Patients who died other diseases than esophageal cancer were seen as non-cancer 

related

Statistical analysis
Statistical calculations were performed using SPSS® version 12.0 (Statistical Package for the 

Social Sciences, Chicago, IL, USA). The physiological score was calculated from the given 

data. With use of age, the physiological score and the operative parameters, expected 

mortality was calculated according to O-POSSUM. 

To compare categorical data, the Chi-square or Fisher exact test was used. The Mann-Whitney 

test was used to compare continuous variables. A linear analysis was used to analyze the 

predictive properties of O-POSSUM. As described by Whiteley et al10 patients were grouped 

according to their predicted risk of mortality (1-10%, 10-20% etc.). The number of patients 

falling into each mortality category was multiplied by the average risk of mortality to give 

the predicted mortality of that group. This type of analysis allows each mortality group to 

be considered separately. Calibration or goodness-of-fit refers to the ability of the model to 

assign the correct probabilities of outcome to individual patients. This was assessed using 

the Hosmer-Lemeshow goodness-of-fit statistic. The ability of the model to assign higher 

probabilities of outcome to patients who actually die than to those who stay alive was 

measured by the area under the receiver-operator characteristic (ROC) curve. Survival rates 

were calculated on an actuarial basis with the Kaplan-Meier method, using the log-rank test 

for comparison. Using significant factors from Kaplan-Meier analysis, a Cox regression model 

was used to assess the association between each factor. P-values < 0.05 (two-sided) were 

considered statistically significant. 
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Results

The clinicopathological parameters of the 663 included patients are given in Table 1. 

In-hospital mortality was observed in 24 patients (3.6%). Eighteen patients died within 30 

days (2.7%) and 31 patients (4.7%) died within 90 days after operation. Fifteen patients 

Table 1: Clinicopathological characteristics of patients who underwent esophagectomy 

Patient characteristics Number of patients 
(N=663)

age# 64 (30-85)

gender

- male 509 (76.8%)

- female 154 (23.2%)

tumor type

- adenocarcinoma 476 (71.8%)

- squamous cell carcinoma 187 (28.2%)

(neo) adjuvant chemoradiation therapy

- yes 114 (17.2%)

- no 549 (82.8%)

preoperative staging*

- stage 0   11 (1.7%)

- stage I   57 (8.8%)

- stage IIa 196 (30.3%)

- stage IIb   45 (7.0%)

- stage III 316 (48.9%)

- stage IVa   18 (2.8%)

operation type

- transhiatal esophagectomy 424 (64.0%)

- transthoracic esophagectomy 239 (36.0%)

postoperative staging

- stage I   80 (12.1%)

- stage IIa 142 (21.4%)

- stage IIb   53 (  8.0%)

- stage III 264 (39.8%)

- stage IVa 124 (18.7%)

In-hospital mortality

- in-hospital mortality 24 (3.6%)

- 30-day in-hospital mortality 18 (2.7%)

- 90-day mortality 31 (4.7%)

# = Values depicted are median (range), * = preoperative staging could not be (reliably) performed 
in 20 patients due to e.g. stenosis
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who underwent transhiatal esophagectomy and 9 patients who underwent transthoracic 

esophagectomy died in the hospital (p=0.880).

The physiological score was calculated for each patient (Table 2). Only a few patients had 

missing values. These values were imputed by using the median score of the non-missing 

patients. The median physiological score was 18 (range 12-39). 

Table 2: Physiological score as used in the calculation of the O-POSSUM score in patients who 
underwent esophagectomy for cancer of the esophagus. Parameters with their corresponding 
weighed value are given. Median weighed value was imputed in the missing values.

physiological Parameters Weighed 
value

N (%) Median 
weighed value

actual age (mean, range)* - 64 (30-85) -

age range  

- <61 1 260 (39.2%) 2

- 61-70 2 212 (32.0%)

- >70 4 191 (28.8%)

cardiac signs (missing n= 7)

- no failure 1 468 (70.6%) 1

- diuretics, digoxin, anti-anginal or antihypertensive 
therapy

2 162 (24.4%)
 

- peripheral edema, warfarin therapy 4   23 (3.5%)

- raised JVP, cardiomegaly 8     3 (0.5%)

respiratory signs (missing n=5)

- no dyspnea 1 580 (87.5%) 1

- dyspnea on exertion, mild COAD 2   66 (10.0%)

- limiting dyspnea, moderate COAD 4   13 (2.0%)

- dyspnea at rest, fibrosis or consolidation 8     4 (0.6%)

ECG (missing n=15)

- normal 1 424 (64.0%) 1

- AF rate 60-90 4   24 (3.6%)

- other abnormal rhythm, >5 ectopics/min, Q waves or 
ST-T wave changes

8 200 (30.1%)

systolic pressure in mmHg (n=8)

- 110-130 1 226 (34.1%) 2

- 131-170 or 100-109 2 378 (57.0%)

- >71 or 90-99 4   55 (8.3%)

- <89 8     4 (0.6%)

pulse rate in BPM (missing n=6)

- 50-80 1 455 (68.6%) 1

- 40-49 or 81-100 2 175 (26.4%)

- 101-120 4   25 (3.8%)

- <40 or >120 8    2  (0.3%)
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hemoglobin in g/dl (missing n=17)

- 13-16 1 379 (57.2%) 1

- 11.5-12.6 or 16.1-17 2 162 (24.4%)

- 10-11.4 or 17-18 4   93 (14.0%)

- >18.1 8   29 (4.4%)

white blood cell count (missing n=29)

- 4-10 1 567 (85.5%) 1

- 10.1-20 or 3.1-4 2   84 (12.7%)

- >20 or <3 4   12 (1.8%)

urea in mmol/L

- <7.6 1 565 (85.2%) 1

- 7.6-10 2   82 (12.4%)

- 10.1-15 4   14 (2.1%)

- >15.1 8     2 (0.3%)

sodium in mmol/L

- >135 1 640 (96.5%) 1

- 131-135 2   21 (3.2%)

- 126-130 4     2 (0.3%)

- <126 8     0

potassium in mmol/L

- 3.5-5 1 611 (92.2%) 1

- 3.2-3.4 or 5.1-5.3 2   40 (6.0%)

- 2.9-3.1 or 5.4-5.9 4   11 (1.7%)

- >5.9 8     1 (0.1%)

Glasgow Coma Score#

- 15 663 (100%) 663 (100.0%) 1

physiological score# - 18 (12-39) -

# = all patients were operated in the elective setting for cancer of the esophagus by transhiatal or 
transthoracic esophagectomy
* = actual age is not part of the POSSUM physiological score
JVP = Jugular Venous Pressure
COAD = Chronic Obstructive Airways Disease
BPM = Beats Per Minute

Table 2: Continued

physiological Parameters Weighed 
value

N (%) Median 
weighed value

Predicted mortality was calculated according to O-POSSUM with use of age, the physiological 

score (Table 2) and the operative parameters (Table 3). A comparison between the original 

O-POSSUM study and our validation study is shown in Table 4. There were no major 

differences in age, physiological score and malignancy status between the two studies. 

A total observed vs. predicted (O:P) ratio of 0.29 was found, indicating that O-POSSUM 

overpredicted in-hospital mortality more than threefold (Table 5 ). The model had a poor 
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fit (χ2 = 44.15, 7 degrees of freedom, P<0.001). The area under the Receiver Operator 

Characteristic curve for O-POSSUM was 0.60 (95%CI; 0.47-0.72, p=0.113)

The relative incidence of minor and major complications was not significantly different 

(p=0.126) between the different risk groups according to O-POSSUM scores (Figure 1). 

Of the 639 patients who survived surgery, follow-up was complete in all but six patients 

(all six moved). The median potential follow-up period of these patients was 57 months 

(range 10-160). 388 patients died; 49 patients (13%) patients died due to non-cancer related 

causes, and 339 patients (87%) due to recurrent disease. To determine the effect of poor 

condition at the time of operation, irrespective of age and stage of disease, the physiological 

score after exclusion of age was used. The median value of this score was 15 (range11-35). 

This value was used as a cut-off point. 

The median overall survival in patients with a low (≤15) physiological score was 36 months 

(95% confidence interval (CI) 25 to 47) in comparison to 26 months (95% confidence interval 

20 to 33) for those who had a high (>15) physiological score (p< 0.042, (hazard ratio = 

1.23, 95% CI 1.05-1.50, p=0.044 and Figure 2a).  Cox regression analysis demonstrated that 

the physiological score was an independent predictor of survival together with cTNM stage 

Table 3: Operative parameters as used in the calculation of the O-POSSUM score in patients who 
underwent esophagectomy for cancer 

Operative parameters Weighed value N (%)

operation type* 0.168

- esophagectomy 663 (100%)

malignancy status

- primary malignancy only 0.17 235 (35.4%)

- nodal metastasis 0.36 308 (46.4%)

- distant metastasis 1.04 120 (18.1%)

mode of surgery*

- elective 663 (100%)

* = all patients were operated in the elective setting for cancer of the oesophagus by transhiatal or 
transthoracic esophagectomy

Figure 1: The numbers above each bar represent 
the total number of patients in each risk group 
according to O-POSSUM. Complications are 
graded according to Dindo et al9. and divided 
into no complications, minor complications 
(grade I to IIIa) and major complications (grade 
IIIb to grade V). The relative incidence of minor 
and major complications was not significantly 
different (p=0.126) between the different risk 
groups according to O-POSSUM scores.
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(hazard ratio = 1.23, 95% CI 1.02-1.50, p=0.042 and hazard ratio 1.62, 95% CI 1.31-1.99, 

p<0.001 resp.).

Esophageal cancer specific survival was comparable for patients with high and low 

physiological scores (p=0.435). However, patients in the high physiological score group had 

significantly more chance to die due to a non-cancer related cause than patients with a low 

physiological score (p=0.001, Figure 2b).

Table 4: Comparison of data between the original study in which O-POSSUM was developed6 and 
the present validation study

Development
O-POSSUM

N=538

Validation
O-POSSUM

N=663

esophageal cancer*

- adenocarcinoma 317 (58.9%) 476 (71.8%)

- squamous cell carcinoma 118 (21.9%) 187 (28.2%)

- other 16 (3.0%) -

- inflammatory 11 (1.7%) -

- unrecorded 76 (14.1%) -

elective mortality rate* 9.4% 3.6%

age#

- <60 284 (27.3%) 260 (39.2%)

-131 294 (28.2%) 213 (32.1%)

-151 351 (33.7%) 183 (27.6%)

- >80 74 (7.1%) 7 (1.1%)

-unknown 39 (3.7%) -

POSSUM physiological score#

-25 410 (39.3%) 157 (23.7%)

-35 360 (34.5%) 270 (40.7%)

-51 203 (19.5% 227 (34.2%)

- >30 24 (2.3%)   9  (1.4%)

- unknown 45 (4.3%) -

Malignancy status#

- primary malignancy only 355 (34.0%) 235 (35.4%)

- nodal metastasis 460 (44.1%) 308 (46.5%)

- distant metastasis 104 (10.0%) 120 (18.1%)

- no malignancy 62 (6.0%) -

- unknown 61 (5.8%) -

# all included patients in the development of O-POSSUM. * subset of patients with esophageal 
cancer
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Table 5: In-hospital mortality risk as predicted with O-POSSUM and as actually observed 

No. of deaths

Predicted risk of 
hospital mortality (%)

N Observed number 
with hospital mortality 

(95%CI)

Predicted  O:P ratio

0-10 318 10   (5-18) 18 0.55 (0.28-1.00)

10-20 226 6   (3-13) 32 0.19 (0.09-0.41)

20-30 93 6   (3-12) 22 0.27 (0.14-0.55)

30-40 18 0   (0-  3)   6     0 (0.00-0.50)

40-50 6 2   (1-  4)   3 0.66 (0.33-1.30)

50-60 1 0   (0- 1) 0.5      0 (0.00-2.00)

60-70 1 0   (0- 1) 0.5      0 (0.00-2.00)

Total 663 24 (16-35) 82 0.29

O:P ratio = observed vs. predicted ratio

Discussion 

The present study shows that O-POSSUM overpredicted in-hospital mortality threefold 

and that O-POSSUM could not identify patients with a higher risk for in-hospital mortality. 

However, long term survival was lower in patients with a high physiological score because of 

a higher risk due to a non-cancer related cause.

Figure 2: Survival after oesophagectomy for 
cancer of the esophagus. Patients are divided 
in a group with a low physiological score and 
a high physiological score. A: Overall survival, 
B: Non cancer related survival. The numbers of 
patients at risk are given below the figure
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Instruments for evaluation of treatment outcome and quality of care between hospitals are 

required nowadays. To enable meaningful comparison between published series, regions, 

hospitals or surgeons, a case-mix model is needed to adjust for variation between patient 

series. Different scoring systems have been used to correct for case-mix11,12. One of this is 

the POSSUM score which has been developed to correct for case-mix in general surgery 

In specialized surgery, however, the POSSUM score overpredicted mortality and has been 

adapted to use it in sub-specialties (e.g. vascular, thoracic, and colorectal surgery13-18, but 

also for esophageal surgery6). Before O-POSSUM can be applied in clinical practice it must 

be externally validated. O-POSSUM has never been validated externally in patients who 

underwent esophageal surgery.

In the present study, O-POSSUM overpredicted in-hospital mortality threefold and could 

not identify patients with a higher risk for in-hospital mortality. The O-POSSUM score 

was originally developed from a cohort of patients with diseases of the esophagus (2% 

had benign disease) and stomach in several hospitals in the U.K. Around 7.5% of patients 

underwent emergency surgery. The present study was performed in a high volume centre. 

These centers generally report lower morbidity and mortality rates3,19-24. Only patients who 

were operated upon in the elective setting for cancer of the esophagus were included and 

patients were always subjected to intensive standardized preoperative screening. However, 

the negative results could not be explained by a difference in the elements of the score, 

since there are no obvious differences in age, physiological score and malignancy status and 

the score corrects for benign disease, operative parameters and urgency of surgery. Another 

explanation for the discrepancy could be the definition of hospital mortality. However, in the 

present analysis neither in-hospital mortality (as defined before6), nor 30-day and 90-day 

postoperative mortality were related to mortality as predicted by O-POSSUM (data not 

shown). Another difference between the two studies is the extent of surgery. Only 4% of 

patients in the original study underwent limited transhiatal esophagectomy, while in the 

present study the majority underwent a transhiatal resection. It is unlikely that this difference 

is the explanation for our lower mortality rate since there was no difference in in-hospital 

mortality between the two procedures in our institute.

Modifications are needed before O-POSSUM can be applied in a group of patients 

undergoing a uniform surgical procedure. It can even be questioned if an adequate model 

can be developed at all. In specialized hospitals, mortality is a rare event and predicting a 

rare event is hardly possible. Therefore, future predictive models in esophageal surgery for 

cancer should probably not focus on hospital mortality, but rather on morbidity and long-

term survival. Both events occur in the majority of cases and are probably easier to predict 

and show less variability.

Interestingly, the original POSSUM score was also developed for morbidity. However, 

previous research showed that the original POSSUM model had a poor fit for the prediction 

of morbidity25. Also in the present study the POSSUM model did have a poor fit (data not 

shown). The O-POSSUM score has never been designed for predicting morbidity. It could 

be hypothesized that patients with a higher O-POSSUM score have a higher chance for 
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developing severe complications. In high volume centers with a low mortality rate, the 

incidence of severe complications is comparable to that in low volume hospitals, but 

probably patients with severe complications might have less chance to die due to these 

complications26. In the present study no relation was identified between the O-POSSUM 

score and the grade of complications. 

Recently, an independent relation was shown between poor preoperative condition and 

survival in patients who underwent curative resection for colorectal cancer. Also in the present 

study an independent relation was found between poor preoperative condition (measured 

with the physiological score of the O-POSSUM) and especially non-cancer related survival. 

cTNM-staging plays an important role in the clinical decision to perform an esophagectomy 

for cancer. Age, comorbidity and the preference of the patient do also play a role in this 

process, but their impact has been poorly quantified27-29. The present study underlines the 

importance of factors related to the general condition of the patient in decision making, 

because they have a substantial effect on long-term survival. 

In conclusion, O-POSSUM overpredicted in-hospital mortality threefold and more importantly, 

O-POSSUM could not identify patients with a higher risk for in-hospital mortality. O-POSSUM 

does not have a relation with the severity of complications. Therefore, the present study 

seriously questions if the O-POSSUM score has any place in evaluating the treatment of 

patients who underwent esophagectomy for cancer. However, there is a significant relation 

between the physiological score of the O-POSSUM and long-term survival which can be 

attributed to the risk of non-cancer related mortality. While the O-POSSUM score needs 

substantial modification before it can be applied for the comparison of treatment outcomes 

between different institutes which perform esophageal cancer surgery, it may play a role in 

pre-treatment prognostication.
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