
Abstract. Background: In palliative care, prediction of life
expectancy is one of the most crucial issues for patients,
family and medical staff, in order to provide appropriate end-
of-life care. The aim of this study was to formulate a new
objective score to predict life expectancy within 1 week for
terminally ill patients with cancer. Patients and Methods:
Medical records were obtained from 187 terminally-ill
patients with cancer who were admitted for palliative care.
The biomarkers for a potential ‘Objective Predictive Score’
were assessed. Results: Profiling of blood parameters
demonstrated that elevated levels of alanine aminotransferase
(ALT), total bilirubin (T-bil), blood urea nitrogen (BUN),
creatinine (Cr) and a decreased platelet count were
significantly correlated with death within 1 week in a training
cohort. Our formulated Objective Predictive Score was able
to predict death within 1 week with high accuracy in a
training and a validation cohort. Conclusion: Our scoring
system might enable the assessment of prognostication with
higher accuracy in a terminal care setting.

An accurate prediction for survival of patients with cancer is
essential for clinical decision-making (1, 2). In the palliative
care setting, prediction of life expectancy is one of the most

crucial issues for patients, family and medical staff to enable
them to grant final wishes of the patients and to provide
appropriate end-of-life care (3-7). With this in mind, various
types of prognostic scoring systems have been developed in
the past decade. 

In these scoring systems, the Palliative Prognostic Index
(PPI) is worldwide one of the most widely used to predict
life expectancy in terminally ill patients with cancer (8). The
PPI consists of scoring of five clinical features (palliative
performance status, dyspnoea, oral intake, oedema and
delirium). The advantages of this index are its simplicity,
wide usability in multiple types of cancer and non-
invasiveness for the assessment of prognostication. Several
studies have successfully validated the PPI in various
hospice settings, with acceptable sensitivity and specificity
for end-of-life life expectancy predictions (9-14). However,
this prognostic index is still subjective and might be
influenced by the experience, psychology and training of the
individual palliative physician (15). Recently, Cheng and
colleagues evaluated the potential of PPI for the prediction
of life expectancy using clinical information from 623
patients with advanced cancer undergoing palliative care
(12). The results of this study successfully validated the
previous findings of PPI studies and demonstrated that
assessment of PPI was able to identify patients who would
die within 21 days, with a relatively high area under the
receiver operator curve (AUC) value of 0.68. However, this
study also revealed that the PPI score remains overly
pessimistic in predicting survival of less than 1 week and
overly optimistic in predicting survival over a longer
duration (12). Another research group also demonstrated a
similar finding (11), and this evidence highlights the urgent
need for a more accurate and objective scoring system for
predicting life expectancy in patients with advanced cancer
undergoing palliative care.
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The prediction of short-term survival (within 1 week) is
especially important to be able to fulfil the desire of
hospitalised terminally ill patients to die at home.
Furthermore, goals of patient management need to shift and
a clinical pathway has been developed to guide patient care
(16). Accumulating evidence has demonstrated the efficacy
of various prognostication models in patients undergoing
terminal care, however, almost all of these models predict
prognosis based on long-term survival and the predictive
model for short-term survival remains to be developed. 

Previous work from our group has shown that various
types of biochemical data can be used as biomarkers for
diagnosis, prognosis and metastasis prediction in patients
with gastrointestinal cancer (17-23). The aim of the current
study was to develop an objective calculation model using
laboratory data to enable prediction of death within 1 week
in palliatively treated patients with cancer, in order to
improve prediction for short-term survival, and to facilitate
provision of high-quality end-of-life care.

Patients and Methods

Patients and sample collection. This study included total 187 patients
(123 men and 64 women) who were admitted to Iga City General
Hospital, Japan, for palliative care for advanced malignant disease
from two different patient cohorts, as described in Table I. This
retrospective study included a discovery cohort, followed by a
subsequent clinical validation cohort. In the training cohort, 97
consecutive patients (68 men and 29 women) who were admitted to
our hospital for palliative care from June 2015 to June 2016 were
enrolled. Subsequently, 90 consecutive patients (55 men and 35
women) who were hospitalised in our facilities from October 2013
to May 2015 were included in the validation cohort. Inclusion
criteria for further analysis were as follows: age >20 years; clinical
diagnosis of advanced cancer (radiological/histological/cytological
confirmation); inpatient status at a palliative care unit (cancer centre
or hospice); died in our hospital because of advanced malignant
disease; and available electronic medical records (including
treatment information). Exclusion criteria were pre-existing
complications that might influence survival, such as severe or
uncontrollable diabetes mellitus, renal dysfunction and heart disease;
haematological malignancies; administration of anticancer therapy
including cytotoxic agents, molecular targeting drugs, anti-hormonal
therapy, radical surgery and radical radiotherapy; and absence of
laboratory examinations during hospitalisation. No patient received
chemotherapy at least 2 months prior to the final blood-based
evaluation. The mean follow-up duration from the final blood-based
evaluation to death was 8.1 days (range=0-44 days). The institutional
Ethical Review Boards of participating centres approved the study
(Approval number: Ibyousou417). This project was a retrospective
observational study, therefore whether the investigators obtained
individual informed consent from each patient or not depended on
the decision of individual Institutional Review Boards.

Data collection. The following data were collected: gender, age,
primary cancer site, PPI score, laboratory examination and overall
survival (OS). Laboratory examination using blood specimens

included levels of albumin, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total bilirubin (T-Bil), blood urea
nitrogen (BUN), creatinine (Cr), C-reactive protein (CRP),
haemoglobin (Hb), sodium and potassium, and haematocrit (Ht),
neutrophil, lymphocyte and platelet counts. The neutrophil-
lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) were
calculated. Onodera-prognostic nutritional index (O-PNI) was
calculated based on the serum albumin and total lymphocyte count,
using the following equation: O-PNI=10 × [serum albumin (g/dl) +
0.005 × total lymphocyte count (n/μ)]. PPI sum scores range from
0 to 15 points based on scoring for the palliative performance scale
(PPS) (24) and four additional clinical variables: presence or
absence of oedema, delirium, oral intake and resting dyspnoea (8).

Combined objective predictive scoring system. In order to develop a
blood-based palliative scoring system, Cox proportional hazard
regression models were fitted to the five top risk factors with high
area under the receiver operator curve (AUC) values from laboratory
biochemical data for predicting death within 1 week: ALT, BUN,
creatinine, T-bil, and platelet count. Cox proportional hazard
regression models produced (HRs) and based on these data, a linear
function was constructed to produce the Objective Scoring System
for predicting death within 1 week in a palliative care setting. For
the training cohort participants, the Objective Predictive Score was
defined using the following steps: x=−0.49644+[0.018553×ALT
(U/l)]+[−0.0090712×T-Bil (mg/dl)]+[0.019363×BUN(mg/dl)] +
[0.55853×creatinine (mg/dl)] +[−0.0049938×platelet count (number/
μl×103)]; y=exp(x); and Objective Predictive Score=[y/(1+y)], as
described previously (25). Based on these data, we validated the
accuracy of this scoring system using the validation cohort.

Statistical analysis. Results are expressed as the mean±standard
deviation and all statistical analyses were performed using Medcalc
version 16.4.3 (MedCalc Software, Mariakerke, Belgium).
Differences between groups were estimated using the χ2 test and
one-way ANOVA, as appropriate. F-Tests were used to assess the
equality of variance for comparable groups.

Receiver operating characteristic (ROC) analysis was performed
to determine the predictive performance of laboratory biochemical
data in distinguishing between patients who died within 1 week
from patients who survived more than 1 week. Sensitivity against
100% minus specificity was plotted at each cut-off threshold and
the AUC values that reflected the probability of correctly identifying
short- versus longer-term survival were calculated. The optimal cut-
off thresholds for predicting death within 1 week were obtained
using the Youden index (26). In brief, the optimal cut-off threshold
values were determined at the point on the ROC curve at which
Youden’s index [sensitivity + (100% − specificity)] was maximal.
By using these optimal cut-off values, sensitivity, specificity and
positive and negative predictive values were calculated. Predictive
accuracy was determined by measuring AUC, specificity and
sensitivity. A predictive model with an AUC of more than 0.7 was
considered to be sufficiently discriminative; an AUC of 0.5 is
equivalent to a ‘coin toss’ (27, 28). For time-to-event analyses,
survival estimates were calculated using Kaplan–Meier analysis and
groups were compared with the log-rank test. Overall survival (OS)
was measured from the date of the final blood-based laboratory
examination to the date of death, resulting from any cause. For the
assessment of the performance of prognostic markers for OS, power
calculations were based on the detection difference of 0.05 between
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favourable and unfavourable prognostic groups. We estimated 32
and 50 patients (distributed 7:11 between the two groups) were
needed to achieve 95% power in order to substantiate more than
15% and 50% differences in prognostic and recurrent outcomes,
respectively, at a significance level of 0.05, using a two-sided log-
rank test. The Cox proportional hazards model was used to estimate
HRs for death. ROC curves were established to determine the cut-
off values for analysis of prognosis by Youden’s index. Assumption
of proportionality was confirmed for the Cox proportional hazard
analyses by generating Kaplan–Meier survival curves (e.g. high vs.
low scoring groups) and by ensuring that the two curves did not
intersect. Multivariate logistic regression models were used to
predict factors indicative of death within 1 week in patients
undergoing palliative care. Forced-entry regression was used to
include these variables in all multivariable equations to analyze
whether each of the predictors affected the outcome, after adjusting
for known confounders. All p-values were two-sided and those less
than 0.05 were considered statistically significant.

Results
Patient demographics. Demographic data for the patients
are shown in Table I. The mean age was 75.6 years (range
47-99 years) in the training cohort and 74.1 years (range 47-
97 years) in the validation cohort. There were no significant
differences in any of these factors between cohorts. 

Biochemical factors predicting 1 week life expectancy in
advanced cancer patients in the training cohort. In order to
determine which biochemical parameters were able to predict
life expectancy in patients with advanced cancer undergoing

palliative care, we analysed the accuracy of each
biochemical factor to predict death within 1 week in the
training cohort (Table II). Profiling of each biochemical
factor revealed that elevated levels of AST, ALT, T-bil, BUN,
creatinine, Hb, NLR and potassium and a decreased platelet
count were significantly correlated with death within 1 week.
These factors, particularly the top five factors with high
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Table I. Demographic characteristics of all patients from each palliative
cohort.

Characteristic                     Training cohort   Validation cohort   p-Value
                                                    n=97                      n=90

Gender
   Male                                          68                           57                 0.33#
   Female                                       29                           33                      
Age (years)
   Mean (SD)                         75.6 (11.4)             74.1 (10.0)          0.43*
   Median (range)                  78 (47-99)             74 (47-97)               
Primary tumour site
   Gastrointestinal tract                45                           44                 0.94##
   Hepatobiliary                             9                             7                       
   Pancreas                                     8                            10                      
   Lung                                          12                           11                      
   Breast                                         2                             6                       
   Genitourinary                            16                            8                       
   Other                                          5                             4                       
Survivala
   Mean (SD)                           7.4 (8.8)                 8.7 (9.3)            0.33*
   Median (range)                    4 (0-44)                5.5 (0-39)                

aFrom day of final evaluation. #Chi-square test, ##Chi-square test for
trend, *one-way ANOVA.

Table II. Accuracy of objective and subjective data for prediction of
death within 1 week in the training cohort.

Variable          Subgroup#                  Death within 1-week         p-Value

                                             Sensitivity    Specificity    AUC           

Albumin           <2.5 g/dl           28.8               93.6          0.58        0.17
                         ≥2.5 g/dl                                                                     
AST                   >42 u/l             63.6               67.7          0.65       0.008
                          ≤42 u/l                                                                      
ALT                   >45 u/l              47                87.1          0.68      0.0008
                          ≤45 u/l                                                                      
T-Bil              >0.56 mg/dl        75.8               61.3          0.67       0.004
                      ≤0.56 mg/dl                                                                  
BUN              >39.5 mg/dl        60.6               80.7          0.78     <0.0001
                      ≤39.5 mg/dl                                                                  
Cr                   >1.39 mg/dl          53                83.9          0.71      0.0001
                      ≤1.39 mg/dl                                                                  
CRP               >2.26 mg/dl        89.2               32.3          0.58        0.21
                      ≤2.26 mg/dl                                                                  
Hb                    >7.4 g/dl           84.9               35.5          0.62       0.045
                         ≤7.4 g/dl                                                                     
Ht                      >35.3 %           33.3               87.1          0.61        0.06
                         ≤35.3 %                                                                     
Plt                  ≤21.8 104/ul        75.8               64.5          0.72      0.0002
                      >21.8 104/ul                                                                  
NLR                     >9.6                78                51.9          0.66       0.008
                            ≤9.6                                                                        
PLR                   ≤389.2             81.4               40.7           0.6         0.14
                          >389.2                                                                      
PNI                     >28.2              40.7               85.2          0.55        0.48
                           ≤28.2                                                                       
Sodium         >142 mmol/l        16.7               100           0.52        0.77
                     ≤142 mmol/l                                                                 
Potassium      >4.8 mmol/l        57.6               74.2          0.65       0.012
                      ≤4.8 mmol/l                                                                  
PPI                         >7                71.4               71.4          0.66       0.016
                              ≤7                                                                          
OPS                   >0.735             65.2               90.3          0.84     <0.0001
                          ≤0.735                                                                      

AUC: Area under the receiver operator curve, AST: aspartate
aminotransferase, ALT: alanine aminotransferase, T-Bil: total bilirubin,
BUN: blood urea nitrogen, Cr: creatinine, CRP: C-reactive protein, Hb:
haemoglobin, Ht: haematocrit, Plt: Platelet, NLR: neutrophil to
lymphocyte ratio, OPS: Objective predictive score, PLR: platelet to
lymphocyte ratio, PNI: Prognostic Nutritional Index (Onodra), PPI:
Palliative Prognostic Index. #Determined by Receiver operating
characteristic analysis with Youden’s index, for death within 1 week in
patients undergoing palliative care. 



AUC, namely ALT, T-bil, BUN, creatinine, and platelet
count, were able to predict death with an accuracy of more
than 0.67, based on ROC curve analysis (AUC=0.68,
p=0.0008; AUC=0.67, p=0.004; AUC=0.78, p<0.0001;
AUC=0.71, p=0.0001; AUC= 0.72, p=0.0002, respectively,
Table II and Figure 1). 

Combined Objective Predictive Score successfully identified
patients who would die within 1 week. Based on these data,
we progressed to make the calculation model, called the
Objective Predictive Score, in order to assess the degree of
life expectancy using these factors. The Objective Predictive
Score correctly identified patients with advanced cancer with
a life expectancy of less than 1 week with high accuracy in
the training cohort (sensitivity=65.2%; specificity=90.3%;
AUC=0.84; p<0.0001, Table II and Figure 1). 

The Objective Predictive Score was significantly correlated
with prognosis. Subsequently, time-to-event analysis was used
to evaluate the prognostic relevance of the Objective
Predictive Score for survival in the training cohort. The cut-
off threshold for the Objective Predictive Score for this
analysis was determined with Youden’s index from the ROC
curves in the training cohort. A high Objective Predictive
Score was significantly correlated with poor prognosis for
survival, compared to the low-scoring group in the training
cohort (p<0.0001, Figure 2a). Furthermore, we validated the
potential of this scoring system using clinical data from the
validation cohort and the same cut-off value as for the
training cohort. This analysis clearly revealed that a high
Objective Predictive Score was significantly correlated with
poor prognosis and survival, compared to a low score, in the
validation cohort (p=0.0063; Figure 2b), as well as the total
patient cohort (p<0.0001; Figure 2c). In order to determine
the value of a high Objective Predictive Score as a predictive
biomarker for prognosis in patients with advanced cancer, we
performed multivariate Cox regression analysis. The data
revealed that a high Objective Predictive Score was an
independent prognostic factor for poor survival [HR=2.75,
95% confidence interval (CI)=1.7-4.46, p<0.0001) in patients
undergoing palliative care for advanced cancer from the
training cohort (Table III). In addition, a high Objective
Predictive Score was also an independent prognostic factor
for survival in both the validation and total cohorts (HR=1.85,
95% CI=1.18-2.9, p=0.0008; HR=2.16, 95% CI=1.58-2.94,
p<0.0001, respectively, Table III).

Objective predictive score successfully predicted life-
expectancy of less than 1 week in a validation cohort. Finally,
we evaluated accuracy of the Objective Predictive Score for
prediction of life expectancy less than 1 week using the
validation cohort. The score was successfully validated and
showed that a high score was able to identify those patients

who would die within 1 week, with high accuracy
(sensitivity=63.0%, specificity=80.6%, AUC=0.72, Figure
3a). Consistent with these data, assessment of the Objective
Predictive Score differed for patients with and those without
life expectancy of less than 1 week in the total cohort
(sensitivity=65.8%, specificity=77.6%, AUC=0.78, Figure
3b). Based on these findings, we performed multivariate
logistic analysis to determine the clinical significance of the
Objective Predictive Score as a predictive biomarker for
death within 1 week in a palliative care setting. Notably, a
high Objective Predictive Score was shown to be an
independent predictive factor for life expectancy of less than
1 week in the training cohort [odds ratio (OR=16, 95%
CI=4.18-61.5, p=0.0001, validation cohort (OR=4.06, 95%
CI=1.62-10.2, p=0.0027) and total cohort (OR=5.82, 95%
CI=2.95-11.5, p<0.0001) (Table IV)], adjusted for gender,
age and disease type. Furthermore, combining the Objective
Predictive Score with the well-established PPI showed a high
accuracy for predicting life-expectancy of less than 1 week
in terminally ill patients with cancer (AUC=0.83,
sensitivity=67.9%, specificity=89.3%, Figure 4). Collectively,
these data, highlight the clinical feasibility of a predictive
scoring system for life expectancy of less than 1 week in
patients with advanced cancer undergoing palliative care.

Discussion

Prediction of life expectancy is one of the most important
issues for patients with terminal cancer in palliative care (29,
30). Accurate knowledge of prognosis often helps patients
themselves in their preparation for dying (3-5), as well as
families in fulfilling patients’ final wishes (6) and medical
personnel in providing appropriate end-of-life care (7).
Although accumulating evidence suggests the importance of
various types of prognostication systems for patients with
terminal cancer, the clinical feasibility of prognostication
systems using biochemical parameters remains unclear.

In this study, we systematically investigated the potential
role of biochemical parameters for prognostication in
patients with terminal cancer. Firstly, parameters of several
biochemical factors, including ALT, T-bil, BUN, creatinine,
and platelet count were able to predict death within 1 week
with an accuracy of more than 0.67, based on ROC curve
analysis. Secondly, a prognostication formula using these
five factors combined, namely the Objective Predictive
Score, improved the identification of patients with a life
expectancy of 1 week or less. Furthermore, multivariate Cox
regression analysis revealed that a high Objective Predictive
Score was an independent risk factor for OS. Finally, these
results were confirmed in a validation cohort and ROC
analysis demonstrated that a high Objective Predictive Score
successfully validated prediction for life expectancy of less
than 1 week in a validation cohort. 
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Figure 1. Receiver operating characteristic curve analysis for alanine aminotransferase (ALT) (a), total bilirubin (T-bil) (b), blood urea nitrogen
(BUN) (c), creatinine (Cr) (d) and platelet count (e), and the combined Objective Predictive Score (f) in identifying patients with a life expectancy
of less than 1 week. These gave predictive values for life expectancy of less than 1 week with a high accuracy of more than 0.67 based on ROC
curve analysis in a training cohort. AUC: Area under the receiver operator curve.



In palliative care for patients with terminal malignant
disease, one of the major concerns is an accurate prediction
for the probability of long- and short-term survival. Especially
for short-term survival, clinicians need to change patient
management in order to guide care (16). Although patients
with an expected prognosis of a couple of weeks are generally
incapable of oral fluid intake because of progressive cachexia,
simple hydration at 1000-1500 ml/day is not recommended to
improve the general quality of life (31). Several scoring
systems for prognostication in terminally ill patients with
cancer have been developed in the past decade (8, 14, 32).
However, most systems, including palliative prognosis score
and palliative prognostic index, use subjective clinical
symptoms, including presence of dyspnoea, anorexia and
oedema (8) and diagnosis can be influenced by the clinical
skills of the individual medical staff. Furthermore, these
scoring systems predict long-term life expectancy less than a
couple of months, and not to be appropriate for prediction of
life expectancy less than one-week in hospice care. In general,
clinical prognostication is dependent on intuition, experience
and changes in clinical condition, in particular systemic
disability over a period of time. In order to provide high
quality end-of-life care for terminally ill patients and their
families, it is important to have a common recognition of
prognostication for all medical staff. In contrast, prediction for
life expectancy, especially in later stages of the illness, is
difficult for all clinical staff (33), therefore more accurate and
objective scoring systems are urgently needed. 

Several studies have demonstrated various types of scoring
systems for short-term prognostication in terminally ill patients
with cancer. Chiang and colleagues formulated a prognostic
scale using eight clinical factors including Eastern Cooperative
Oncology Group (ECOG) performance status, weight loss,
cognitive impairment, general fatigue, presence of oedema,
ascites and lung and liver metastases, for prediction of life
expectancy of less than 1 week (32). This prognostic scale was
able to discriminate patients with and those without a life
expectancy of 1 week, with comparatively high accuracy in a
training cohort and a testing cohort (AUC=0.72 and 0.66,
respectively) (34). The same study also evaluated clinical data
from 727 patients with terminal cancer to formulate a
prognostication score for prediction of prognostic 7-day
survival and identified five clinical and biochemical factors,
namely cognitive status, oedema, ECOG performance status,
BUN and respiratory rate, as independent risk factors for life
expectancy less than 1 week. Based on these data, they
constructed a formula for a predictive model using these five
factors and successfully validated the prediction of death within
1 week, with relatively high sensitivity and specificity
(sensitivity=71.0%, specificity=57.7%) (32). Consistent with
these previous studies, our study demonstrated that several
blood parameters, including BUN, creatinine, ALT, T-bil and
platelet count, were able to identify patients with terminal
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Figure 2. Prognostic value of the Objective Predictive Score (OPS) in
overall survival (OS) of terminally ill patients with cancer. Kaplan–
Meier survival curves were plotted for OS of terminally cancer patients
based on the Objective Predictive Score using a cut-off of 0.735. An
Objective Predictive Score above the cut-off was significantly associated
with poor survival in the training (a), validation (b) and total
(combined) (c) cohorts by log-rank test. 



cancer with a life expectancy of less than 1 week. However,
previous scoring systems for prediction of life expectancy less
than 1 week also includes several subjective parameters, such
as ECOG performance status, weight loss, cognitive status,
general fatigue, and presence of oedema, and all of parameters
in our Objective Predictive Score consisted of biochemical
factors using blood test. Based on this standpoint, our
Objective Predictive Score could be used more objectively,

easy-to-evaluate for all staffs, and easy-to share information in
all staffs of palliative care unit to predict life expectancy less
than one-week. Furthermore, our Objective Predictive Score
was successfully validated using clinical data from a different
patient cohort. Collectively, our current findings demonstrate
the clinical feasibility of a laboratory-based prognostic scoring
system for the prediction of a life expectancy of less than 1
week in patients with terminal cancer.
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Table III. Multivariate analysis for predictors of overall survival in the training, validation and total (combined) cohorts.

Variable                                                                           Univariate                                                                                 Multivariate

                                                             HR                       95% CI                        p-Value                      HR                       95% CI                       p-Value

Training cohort                                                                                                                                                                                                              
    Gender (male)                                  1.6                       1.02-2.5                         0.041                       1.41                     0.88-2.22                        0.15
    Age (>78 years)#                             0.7                      0.46-1.06                         0.09                        0.86                     0.55-1.33                        0.49
    Primary tumor site                          0.99                     0.87-1.12                         0.89                        0.95                     0.83-1.08                        0.43
    OPS (>0.735)†                                 2.9                      1.86-4.51                      <0.0001                     2.75                      1.7-4.46                      <0.0001
Validation cohort.                                                                                                                                                                                                          
    Gender (male)                                 1.16                      0.75-1.8                          0.49                        1.27                     0.81-1.99                         0.3
    Age (>74 years)#                            1.11                     0.73-1.69                         0.62                        1.11                     0.73-1.69                        0.63
    Primary tumor site                          1.01                     0.89-1.14                         0.91                        1.04                     0.91-1.18                        0.59
    OPS (>0.735)†                                1.79                     1.15-2.79                         0.01                        1.85                      1.18-2.9                       0.0008
Total cohort                                                                                                                                                                                                                    
    Gender (male)                                 1.39                     1.02-1.89                         0.04                        1.39                     1.01-1.91                       0.04*
    Age (>77 years)#                            0.96                     0.72-1.28                         0.76                        1.06                     0.79-1.42                        0.71
    Primary tumor site                          0.99                     0.92-1.09                         0.94                        1.01                      0.92-1.1                         0.94
    OPS (>0.735)†                                2.13                      1.57-2.9                       <0.0001                     2.16                     1.58-2.94                     <0.0001

CI: Confidence interval, HR: hazard ratio, OPS: Objective predictive score. #Median age at surgery. †Cut-off for combined predictive probability
as determined by Receiver operating characteristic analysis with Youden’s index, for death within 1 week in patients undergoing palliative care.

Table IV. Multivariate analysis for prediction of death within 1 week in the training, validation and total (combined) cohorts.

Variable                                                                           Univariate                                                                                 Multivariate

                                                             OR                       95% CI                        p-Value                      OR                       95% CI                       p-Value

Training cohort                                                                                                                                                                                                              
    Gender (male)                                  2.8                      1.12-6.97                        0.027                       1.98                     0.66-5.91                        0.22
    Age (>78 years)#                            0.73                     0.31-1.72                         0.47                        0.82                     0.29-2.28                         0.7
    Primary tumor site                          1.08                     0.82-1.43                         0.57                        0.97                     0.68-1.39                        0.88
    OPS (>0.735)†                                17.4                     4.78-63.6                      <0.0001                      16                       4.18-61.5                      0.0001
Validation cohort                                                                                                                                                                                                           
    Gender (male)                                 1.17                      0.49-2.8                          0.72                        1.45                     0.55-3.84                        0.46
    Age (>74 years)#                            1.12                      0.48-2.6                           0.8                         1.37                     0.55-3.43                         0.5
    Primary tumor site                          1.15                     0.88-1.49                         0.29                        1.24                     0.92-1.65                        0.15
    OPS (>0.735)†                                3.73                     1.53-9.08                       0.0037                      4.06                     1.62-10.2                      0.0027
Total cohort                                                                                                                                                                                                                    
    Gender (male)                                 1.82                      0.97-3.4                          0.06                        1.84                      0.9-3.76                         0.09
    Age (>77 years)#                            0.95                     0.52-1.73                         0.87                        1.09                     0.56-2.11                        0.81
    Primary tumor site                          1.12                     0.93-1.35                         0.25                        1.14                      0.92-1.4                         0.24
    OPS (>0.735)†                                6.11                     3.13-11.9                      <0.0001                     5.82                     2.95-11.5                     <0.0001

CI: Confidence interval, OR:odds ratio, OPS: Objective predictive score. #The median age at surgery. †Cut-off for combined predictive probability
as determined by Receiver operating characteristic analysis with Youden’s index, for death within 1 week in patients undergoing palliative care.



In summary, this study provides novel evidence for the
clinical significance of our formulated Objective Prognostic
Score for prediction of short-term survival in a clinical terminal
care setting. Our scoring system might enable high-accuracy

pre-notification for all medical staff and may allow higher-
quality end-of-Iife care for patients in a terminal care setting.
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