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Abstract
Goals of work The goal of this study was to develop a new,
objective prognostic score (OPS) for terminally ill cancer
patients based on an integrated model that includes novel
objective prognostic factors.
Materials and methods A multicenter study of 209 termi-
nally ill cancer patients from six training hospitals in Korea
were prospectively followed until death. The Cox propor-
tional hazard model was used to adjust for the influence of

clinical and laboratory variables on survival time. The OPS
was calculated from the sum of partial scores obtained from
seven significant predictors determined by the final model.
The partial score was based on the hazard ratio of each
predictor. The accuracy of the OPS was evaluated.
Main results The overall median survival was 26 days. On
the multivariate analysis, reduced oral intake, resting
dyspnea, low performance status, leukocytosis, elevated
bilirubin, elevated creatinine, and elevated lactate dehydro-
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genase (LDH) were identified as poor prognostic factors.
The range of OPS was from 0.0 to 7.0. For the above cutoff
point of 3.0, the 3-week prediction sensitivity was 74.7%, the
specificity was 76.5%, and the overall accuracy was 75.5%.
Conclusions We developed the new OPS, without clinician’s
survival estimates but including a new prognostic factor
(LDH). This new instrument demonstrated accurate prediction
of the 3-week survival. The OPS had acceptable accuracy in
this study population (training set). Further validation is
required on an independent population (testing set).

Keywords Prognostic score . Terminal cancer .

Multicenter study

Introduction

Survival prediction is an essential consideration for pallia-
tive care. The patient survival potential is often used to
estimate the risks and benefits of therapies. Therefore, the
clinical prediction of survival (CPS) is a key parameter for
the management of end-of-life issues [16]. One of the most
frequently asked questions of patients with advanced cancer
is “How long do I have?” Although this question is
common among patients and their families, an accurate
CPS is difficult to determine, and most doctors find such a
prediction extremely difficult [3, 17]. The uncertainty and
complexities of terminal phase disease, the lack of educa-
tion and training for assessing prognosis at this time [9],
and the limited availability of objective parameters to
determine such predictions add to the difficulties. The
palliative prognostic (PaP) score is the most widely used
validated prognostic score; it includes the CPS [21].
Although the CPS has unique validity [8] and its use in
conjunction with other prognostic factors is highly recom-
mended [18], it is in general not a familiar tool for inex-
perienced clinicians. The CPS is a subjective assessment
and can vary with the clinician administering it; it com-
monly overestimates the length of actual survival [4, 8].
Most patients with advanced cancer experience a short
phase of accelerated decline in the last month or two of life
[6], and the accuracy of the CPS is especially limited during
this terminal phase [10].

Some prognostic scores have improved the accuracy of
the CPS. However, objective prognostic factors are needed
that are reproducible, systematically applied, easily inter-
preted, and can be widely applied. Biological parameters
could be included among the objective factors, such as an
elevated lactate dehydrogenase (LDH) and C reactive
protein (CRP) [6, 10, 18, 25, 26]. Therefore, the goal of
this study was to develop an objective prognostic score
(OPS) that does not depend on the CPS and include novel
objective prognostic factors. A prospective, multicenter

study was carried out to develop a new OPS for terminally
ill cancer patients.

Materials and methods

Eleven physicians that belong to the Korean Palliative Medi-
cine Research Group performed this study. The physicians
are experienced family practice clinicians and have worked
for more than 6 years in the field of palliative care. We
followed terminal cancer inpatients until their death between
November 2006 and December 2007. A total of 209 patients
from six teaching hospitals were included in the study
cohort. The inclusion criteria were as follows: (1) incurable
cancer in the terminal stage confirmed by more than two
physicians and inpatients for hospice care; (2) an age more
than 18 years; (3) consented to participate in this study; and
(4) the CPS was less than 3 months. The exclusion criteria
were (1) chemotherapy or radiotherapy planned to actively
treat the cancer and (2) hematologic malignancies or renal
failure due to possible interference with some of the
serological variables. Informed written consent for the use
of personal information was provided by all participants. The
study protocol was approved by the Institutional Review
Board of the Korea University Guro Hospital.

Data were gathered at the time of hospitalization: demo-
graphic data (age and gender) and data related to the disease
(primary cancer site, metastasis site, cancer treatment, and
regular opioid usage). The clinical symptoms investigated by
a staff physician were anorexia, dyspnea, and cognitive
impairment. Anorexia was defined as less than five spoons
per meal (about one-third amount of routine Korean main
dish and rice); dyspnea was determined by the following
question: “In the past 24 h, have you been short of breath at
rest?” Cognitive impairment was assessed by a physician
based on direct observation on the day of the study as
“present” or “absent.” Pain severity was estimated using a
numeric rating scale (NRS; range, 0–10).

The performance status was measured using the Eastern
Cooperative Oncology Group (ECOG; range, 0–4) perfor-
mance status scale. Routine laboratory tests were performed
on admission. The parameters recorded were the white
blood cell count, total bilirubin, creatinine, CRP, LDH, and
uric acid. Survival time was defined as the period from the
day of admission to the day of death in the hospital. The
research was concluded on December 31, 2007.

Statistical analysis

Serum LDH, CRP, and uric acid levels were categorized
into two groups based on the 50th percentile. The serum
bilirubin and creatinine levels were divided by abnormal

152 Support Care Cancer (2010) 18:151–157



values for hepatic and renal dysfunction based on the meth-
ods reported in a previous study [24], respectively. Leuko-
cytosis was defined as cell counts of over 11,000 cells/mm3

of the total white blood cell count, as suggested by prior
studies [21].

The median survival time of the subjects was deter-
mined by the Kaplan–Meier method. The log-rank test
was performed to compare the survival time according to
independent variables. Multivariate analysis of the rela-
tionships among variables and survival time was per-
formed using Cox’s proportional hazard model. We
examined the plot of ln{−ln[S(t)]}, where S(t) is the
Kaplan–Meier estimate of the survival curves, against the
logarithm of the time for each level of the variables
evaluated in the study. The results suggested that the Cox
regression model was the most appropriate for parametric
modeling of the data. Hence, the final model was
constructed using the Cox regression model fitted with a
backward stepwise selection procedure. All of the variables
were dichotomized to assess the hazard ratio (HR) in the
multivariate analysis.

To establish a new OPS for the terminally ill cancer
patients, the HRs for significant prognostic factors were
used in the multivariate analysis. Anorexia (less than or
equal to five spoons per meal: ≤1/3 amount of routine meal)
and resting dyspnea were dichotomized as absent (no) or
present (yes). The ECOG performance status was catego-
rized as 1–3 and 4. The serum bilirubin levels were
categorized as >2.0 and≤2.0 mg/dL. The serum creatinine
levels were categorized as ≥1.5 and <1.5 mg/dL. The serum
LDH levels were categorized as ≥502 and <502 IU/L.

To assign a partial score value, we took the nearest
integer of each HR and then divided the integers by two.
The prognostic score was calculated for each case by
summing the partial scores, which ranged from 0 to 7.0. To
explore the association between prognostic score and
survival time, the survival curves were compared according
to different prognostic scores among the study subjects. The
survival curves were calculated by the Kaplan–Meier
method, and comparisons were based on the log-rank test.
The cutoff points for the prediction of survival time shorter
than 3 weeks were determined to obtain the highest
accuracy for prediction.

All statistical analyses were performed with the SPSS
statistical package for Windows version 16.0.2. The
significance level was 0.05 for all statistical tests.

Results

We prospectively followed 209 terminal cancer inpatients
in six hospitals from November 2006 to December 2007,
until their death in the hospital or the end of this study.

Thirty-eight (18.2%) patients were alive at the end of the
study or died outside of the hospital; the data from these
patients were censored for the purpose of analysis. The
median survival time was 26 days [95% confidence interval
(CI), 22–29]. The number of men was 100 (47.8%). The
median age was 66 years (range, 20–106). The primary site
of cancer in descending order of incidence was the lung,
hepatobiliary, and stomach (Table 1).

There were no significant differences in survival time
according to age, type of primary cancer, or regular opioid
use. Table 2 shows the prevalence of variables and the
results of univariate analysis of survival time. Reduced oral
intake (anorexia) was common and present in up to 48.3%
of patients; it was significantly related to a shorter survival
(p<0.001). Highly significant shorter survival times were
observed among the following: men (p=0.006), patients
with resting dyspnea (p<0.001), cognitive impairment (p=

Table 1 Characteristics of patients in the study population

Number (%)

Total No. of patients 209

Median survival (days) 26

Sex

Female 109 (52.2)

Male 100 (47.8)

Age (in years)

<40 8 (3.8)

40–64 86 (41.1)

≥65 115 (55.0)

Primary cancer sites

Lung 53 (25.4)

Stomach 33 (15.8)

Hepatobiliary 43 (20.6)

Ovary/cervix of uterus 36 (17.2)

Colorectal 29 (13.9)

Pancreas 15 (7.2)

Urinary tract 10 (4.8)

Soft tissue 2 (1.0)

Esophagus 3 (1.4)

Head and neck 12 (5.7)

Breast 8 (2.9)

Others 15 (7.2)

Comorbidities

Hypertension 40 (19.1)

Diabetes mellitus 36 (17.2)

Regular opioid use 109 (52.2)

Ever surgical treatment 89 (42.6)

Ever chemotherapy 126 (60.3)

Ever radiotherapy 66 (31.6)
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0.001), medium or high levels of pain (NRS, 5–10, p<
0.001), low performance status (ECOG=4; p<0.001), in-
creasing number of leukocytes (>11,000/mm3; p<0.001),
elevated serum bilirubin (>2.0 mg/dL; p<0.001), elevated
serum creatinine (≥1.5 mg/dL; p=0.007), and elevated
serum LDH (≥502 IU/L; p=0.004). Significantly shorter
survival times were observed in those patients with
treatment other than surgery (p=0.045), an elevated serum
CRP (≥10.3 mg/dL; p=0.01), and an elevated serum uric
acid (≥4.4 mg/dL; p=0.01).

The results of the multivariate analysis are shown in
Table 3. Anorexia (HR=1.885; p=0.001), resting dyspnea
(HR=1.676; p=0.008), low performance status (HR=
2.109; p<0.001), leukocytosis (HR=1.733; p=0.002),
elevated serum bilirubin (HR=1.899; p=0.004), elevated
serum creatinine (HR=3.872; p<0.001), and elevated
serum LDH (HR=1.722; p=0.001) were independent
significant prognostic factors of poor survival time.

Based on these results, we established a new, objective
scoring system to estimate the survival time of terminally ill
cancer patients. In calculating the OPS, we used the seven
predictors that were identified as significant indicators of
survival time by Cox’s regression analysis. Table 3 shows
the partial score for each variable, which was obtained by
dividing the nearest integer of each HR by two. The partial

score revealed a relationship between the magnitude of the
effect on survival time and the prognostic variables.

The new OPS consists of the sum of the anorexia,
dyspnea, ECOG, leukocytosis, bilirubin, and LDH scores.
The OPS for a given patient was calculated by adding the
partial scores, with a range from 0.0 to 7.0. The distribution
of the OPS was zero in 13.0%, 1.0∼2.0 in 40.5%, 3.0∼4.0
in 34.6%, and 5.0∼7.0 in 11.9%.

Figure 1 shows the survival curves of two groups with
different OPS: the high (OPS≥3.0, n=82, 46.5%) and low
(OPS≥3.0, n=99, 53.5%) OPS groups. The patients in the
former group survived for a significantly shorter time than
the latter (p<0.001), with median survival times±standard
error (95% CI) of 14±1.6 (10.9–17.1) days and 49±8.3
(32.8–65.2) days, respectively. Among the total 209
participants, we excluded cases with missing values for
the seven predictors for OPS; 185 participants were
included in the final model. On all 185 assessments of the
study subjects, the cutoff point to predict whether patients
would live longer than 3 weeks was explored. Table 4
shows the sensitivity, specificity, positive predictive value,
and negative predictive value with each cutoff point. The
cutoff point for OPS was set at 3.0 because this showed the
best sensitivity and specificity. The OPS showed acceptable
accuracy: The 3-week prediction sensitivity was 74.7%,
and the specificity was 76.5% (overall accuracy 75.5%).

Table 3 Hazard ratios and partial scores of significant predictors for
the length of survival time in the final model

Severity Hazard
ratio

p valuea Partial
score

Anorexia No 0

Yes 1.885 <0.001 1.0

Resting dyspnea No 0

Yes 1.676 0.008 1.0

ECOG 1–3 0

4 2.109 <0.001 1.0

Leukocytosis ≤11,000/mm3 0

>11,000/mm3 1.733 0.002 1.0

Elevated S
bilirubin

≤2.0 mg/dL 0

>2.0 mg/dL 1.899 0.004 1.0

Elevated S
creatinine

<1.5 mg/dL 0

≥1.5 mg/dL 3.872 <0.001 2.0

Elevated S LDH <502 IU/L 0

≥502 IU/L 1.733 0.002 1.0

Objective prognostic score=anorexia score+dyspnea score+ECOG
score+leukocytosis score+bilirubin score+creatinine score+LDH
score. Anorexia was defined as reduced oral intake (≤5 spoons per
meal: ≤1/3 amount of routine meal)

S serum, LDH lactate dehydrogenase
a p value is derived by Cox’s proportional hazard model

Table 2 Prevalence of demographic findings/symptoms/signs/labora-
tory findings and univariate survival analysis

Variables Prevalence (%) p value of
log-rank test

Aged (≥65 years) 55.0 0.433

Sex (being male) 47.8 0.006

Primary cancer (any type) 100.0 0.667

Comorbidities (having none) 45.6 0.996

Treatment history
(other than surgical treatment)

57.4 0.045

Regular opioid use (yes) 52.2 0.246

Reduced oral intake
(≤5 spoons per a meal)

48.3 <0.001

Resting dyspnea 28.2 <0.001

Cognitive impairment 21.1 0.001

Substantial pain (NRS 5–10) 51.2 <0.001

ECOG (scored 4) 37.8 <0.001

Leukocytosis (>11,000/mm3) 35.4 <0.001

Elevated serum C reactive protein
(≥10.3 mg/dL)

45.5 0.01

Elevated S bilirubin (>2.0 mg/dL) 19.1 <0.001

Elevated S creatinine (≥1.5 mg/dL) 11.0 0.007

Elevated S lactate dehydrogenase
(≥502 IU/L)

45.0 0.004

Elevated S uric acid (≥4.4 mg/dL) 52.0 0.007

NRS numeric rating scale, S serum
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Discussion

Survival prediction is difficult even among experienced
palliative care doctors [3, 9]. The difficulties include
unpredictable causes of death such as embolism or sepsis,
individual patient variations, and the complexities of the
dynamic dying process itself. Many advancements have
been achieved in diagnosis and therapeutics; such advance-
ments should be kept pace with the ability of prognostication
[9]. Fortunately many studies on prognostic determinants of
survival have been published in the last decade. A recent
systematic review recommended the use of a prognostic
score with the combination of the CPS as a highly reliable
method [18]. Cancer patients have a relatively short
terminal phase, and these are the patients often receiving
palliative care. Recent review articles have suggested four
prognostic scores for all types of cancer in patients
receiving palliative care; they include the following [6, 14].

First, the PaP score is the most widely used validated
tool; it has been validated in various independent popula-
tions [7, 14]. However, the PaP contains the CPS, and the
CPS can be difficult for an inexperienced doctor to perform.
In addition, the PaP has been associated with a bias toward
overestimation of the survival time [15] and subjective
disagreement. A prior study found that the CPS was
unreliable, especially when patients died within 1 month
[10]. The study showed that the CPS was accurate in 55%
to 63% of patients and that the survival of patients who

lived for no more than 1 month was accurate in only 4.4%
to 29% of cases. Moreover, extended clinical experience
does not seem to improve the accuracy of the CPS.
Considering the limitations of the CPS, the need for a
prognostic score not based on the CPS was suggested,
especially for those patients near death.

Second, the palliative prognostic index (PPI) does not
require the CPS; it is simple to use and has a high accuracy
[19]. This index combines the palliative performance score,
oral intake, edema, dyspnea, and delirium scales. However,
the symptoms can be subjective [14], and in our previous
research using the PPI [15], disagreements existed between
physicians in the assessment of mild edema. The PPI also
has the limitation of being developed by a single study in
one hospital.

Third, the cancer prognostic score is a tool that predicts
1- and 2-week survival [5]. This score was developed in a
Taiwanese hospital. The inclusion of subjective symptoms,
such as feeling tired, reduces the accuracy of the measure-
ments. Another limitation is that this score was developed
for patients whose major cause of death was hepatocellular
carcinoma. Thus, ascites was included as a predictor of
short-term survival. Therefore, the accuracy of this score,
for different cancer populations, is questionable.

Fourth, the intra-hospital cancer mortality risk model
(ICMRM) has a high predictive accuracy for hospitalized
cancer patients [1]. However, the complex formula used to
compute survival predictions limits its use. It estimates the
probability of short-term survival (median, 8 days). Con-
sidering the short median survival, the ICMRM might be a
useful tool for patients admitted to the hospital in critical
condition.

Although the prognostic scores are known as reliable
tools for survival prediction, each tool has its limitations as
described above. One of the preceding prognostic scores
did not satisfy the necessary sample size requirements. A
ratio of the number of events (deaths) to the number of
potential predictors is required to be 10 or higher [28]. In
addition, most of these instruments were tested in single
studies conducted at single sites [14].

Fig. 1 Survival curves of two groups with different prognostic scores.
Kaplan–Meier survival curves for the high (≥3.0, n=86) and low
(<3.0, n=99) prognostic score groups. The former showed a
significantly shorter survival time than the latter. p value<0.001 by
the log-rank test

Table 4 Accuracy of objective prognostic score for survival predic-
tion in the study population (185 patients)

Cut-off
points

Sensitivity Specificity Positive
predictive
value

Negative
predictive
value

Prediction of shorter than 3 weeks

≥4.0 0.45 0.90 0.79 0.68

≥3.0 0.75 0.77 0.72 0.79

≥2.0 0.94 0.58 0.65 0.92

Support Care Cancer (2010) 18:151–157 155



Another reason for the need of a new prognostic score is
to include novel objective prognostic factors. If a new
parameter is more significantly related with survival than
existing prognostic indicators, or if it might replace several
existing prognostic indicators, then a more accurate and
concise prognostic score might be available. The prognostic
importance of simple biologic pameters such as LDH and
CRP has been reported in many prior studies [2, 6, 13, 25,
26].

Therefore, we developed a new OPS using a prospective
multicenter study design. The variables used as predictors
were selected from a literature review and discussion based
on our clinical and research experience. The predictors that
proved significant by the multivariate analysis were
anorexia, resting dyspnea, low performance status, leuko-
cytosis, elevated bilirubin, elevated creatinine, and elevated
LDH. Anorexia results from the cancer anorexia cachexia
syndrome, which is a common cause of death in patients
with terminal cancer [27]. Anorexia and resting dyspnea are
included in the PaP and PPI also. Our study results were
consistent with the results of previous studies [20, 29]. The
severity of the dyspnea does not represent pulmonary
disease or anemia but rather correlates with the degree of
muscle weakness in patients with terminal cancer [22].
Performance status is the most extensively and consistently
proven prognostic factor [18]. Leukocytosis is included in
the PaP, and its correlation with prognosis has been
demonstrated [18]. Hyperbilirubinemia has been shown to
be an indicator of advanced malignancy [12] and also has
been reported to be a poor prognostic factor [23, 26]. An
elevated serum creatinine level might be a sign of multiple
organ failure and impending death, it might reflect
extensive metastasis. Recent studies have shown that LDH
was a useful predictive factor for survival in all types of
cancer [10, 25]. LDH is known to reflect the tumor burden
and invasive potential of tumors [30]. Thus LDH has been
suggested to be a marker of tumor aggressiveness or a sign
of multiple organ failure because it is related to the
damaged cardiac muscles, lungs, and erythrocytes [1].

The strengths of the OPS are as follows: It is derived
from an integrated model using symptoms, performance
status, and routine blood tests for inpatients; it can predict
the 3-week survival with 76% accuracy with seven
predictors. The OPS is a simple-to-use tool, it is available
to any doctor, and it is designed to minimize subjective
variations. We defined the criteria for the assessment of
symptoms and selected variables that were well known to
clinicians. The ECOG performance scale is easier to
measure than the palliative performance scale or Karnofsky
performance status. In order to develop a methodologically
sound prognostic score, we calculated an adequate sample
size [11] and conducted a prospective multicenter study.

There are several limitations associated with our prog-
nostic score. As a first step for validation, this report
introduces the construction of the OPS and tested its
validity in a study population (training set). Additional
validation on an independent population (testing set) is
required and is currently in progress. This study was
conducted in one Asian country where cancer prevalence
may differ from Western countries. However, the most
common cause of death among Korean cancer patients is
lung cancer, which is similar to Western countries. The
application of OPS to outpatients and nursing home
residents requires further research. Although blood tests in
terminal cancer patients may raise debate, monitoring
laboratory data is an element of routine management of
inpatient care. With consideration of the patients’ wishes,
available laboratory data could be utilized for accurate
prognostication. As a multicenter study, the abnormal
criteria for laboratory data could be slightly different from
center to center, but the median value of our study data
were far beyond the abnormal criteria of all centers. The
short-term prediction of 3 weeks might be a limitation, but
this may be relevant to those patients with far-advanced
cancer. Finally, for patients whose prognostic score was
near the cutoff point, the survival time prediction might not
be practical.

The OPS might be useful for the education and training
of clinicians in palliative care. Clinicians may use the OPS
as feedback or a guideline to the CPS. Even though some
professionals may oppose accurate medical prognoses and
detailed prognostic information, the OPS can assist terminal
patients and their families.

Additional research is needed to improve prediction of
survival. Comparison among different prognostic scores,
investigation into psychosocial factors, and patients with
earlier phase advanced cancer require additional research.
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