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Abstract
Context. The accurate prediction of survival is one of the key factors in the decision-making process for patients with advanced illnesses. 
Objectives. This study aims to develop a short-term prognostic prediction method involving such objective factors, past medical history, vital signs, and blood tests, for use with advanced cancer patients.
Methods. Medical records gathered upon admission of advanced cancer patients in the Palliative Care Unit at a tertiary hospital in Taiwan were retrospectively reviewed. The records included  demographics, history of cancer treatments, performance status, vital signs and biological parameters, Multivariate Cox regression analyses and receiver operating characteristic (ROC) curve employed for model development.
Results. The Objective Palliative Prognostic Score (OPPS) was determined by using six objective predictors identified by multivariate Cox regression analysis. The predictors include heart rate > 120/min, WBCs > 11000/mm3, platelets < 130000/mm3, serum creatinine level > 1.3 mg/dl, serum potassium level > 5 mg/dl, and no history of chemotherapy. The area under the ROC curve used to predict 7 days survival was 82.0% (95% CI: 75.2 to 88.8%). If any three predictors out of the six were reached, survival within 7 days was predicted with 68.8% sensitivity, 86.0% specificity, 55.9% positive predictive value (PPV), and 91.4% negative predictive value (NPV).
Conclusions. The OPPS consisted of six objective predictors for the estimation of 7 days survival among advanced cancer patients and showed a relatively high accuracy, specificity, and NPV. Objective signs, such as vital signs and blood tests, may help clinicians make decisions at the very late stages of the life of the patients.
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Introduction
  Decision making is an important issue in palliative care, especially as patients approach the end of their lives. For patients, families, and physicians, timing the shift from life-prolonging approaches to more palliative ones that focus on quality of life and comfort, is challenging. The accurate prediction of survival is one of the key factors in the decision-making process from goal setting in the early stages of palliative care, which include care giving or expectations of care, to ethical issues at the end of a patient’s life; such ethical issues include withholding and withdrawing treatment, palliative sedation, and nutrition support.1 However, traditional prediction by physicians is unreliable, and most physician prognoses tend to be both imprecise and overly optimistic.2, 3
  Many previous studies have formulated survival predictions according to a variety of items, including performance status, symptoms, and biological parameters.4-9 These predictions could significantly help physicians in decision making and in providing patients and their families with useful information for goal setting.6, 10, 11 However, most of these predictions include subjective factors, such as patient symptoms and performance status,12-16 which may be influenced by treatment, time, and physicians. These subjective factors may also be differently evaluated by each caregiver and may be estimated with difficulty by junior physicians. Thus, the idea of being able to create a prognosis from objective factors, such as vital signs and blood test, is appealing to clinicians. 
  A previous study conducted in Italy revealed that white blood cell (WBC), lymphocyte percentage, and pseudocholinesterase levels were independent objective predictors of survival.17 Other studies have also been conducted recently. These studies found that some objective factors, such as leukocytosis, lymphocytopenia, thrombocytopenia, elevated C-reactive protein (CRP), decreased albumin level, high lactate dehydrogenase level, high blood urea nitrogen (BUN) level, and high respiratory rate, have prognostic significance in shorter survival.18-23
  Decision making in the very late stages of life has more ethical concerns and is more patient-centered, which makes it more difficult for physicians. The diagnosis of death is central to optimal decision making at the end of patient life. However, diagnosing death is often a complex process that has many obstacles, which lend difficulty to the clear recognition of the dying phase.24 Thus, increasing interest has been directed toward the prediction of short-term survival.14, 19, 21, 25, 26 Chiang et al. constructed a 7 days survival prediction model based on cognitive status, edema, Eastern Cooperative Oncology Group (ECOG) performance status, BUN and respiratory rate with a good area under the curve (AUC) of 0.81 (P<0.001, 95% CI: 0.76 to 0.86).19 Ohde et al. also suggested a two-week prognostic prediction model for terminal cancer patients made up of 5 items: anorexia, dyspnea, edema, BUN > 25.0 mg/dl, and platelet < 260,000/mm3, with a good AUC of 0.83 (0.75-0.91).21 However, both studies still have subjective objects that may potentially be judged by physicians inaccurately.
  This study primarily aims to develop a validated short-term prognostic prediction consisting objective factors to facilitate the decision making of advanced cancer patients, their relatives, and physicians in the very late stages of life.

Methods
  In this cross-sectional study, cases advanced cancer patients admitted to the Hospice Palliative Care Unit in a tertiary hospital in Taiwan from June 2005 to September 2007 were retrospectively analyzed. The inclusion criteria included patients aged 20 years and above who were admitted to the Hospice Palliative Care Unit of the China Medical University Hospital, have a complete medical record for vital signs, and routinely had basic blood test upon admission. For the patients who were admitted more than twice, the first admission was selected for use in the study. A total of 240 patients were enrolled in this study, and six were excluded because of the lack of survival data. Finally, 234 advanced cancer patients were selected. The study was approved by the ethics committee of the China Medical University Hospital.
  All potential objective prognostic predictors, including demographic data, diagnostic and therapeutic information, health performance status, vital signs, and biological parameters, were collected by experienced hospice physicians and registered nurses within 24 hours of hospice admission. The potential parameters were based on previous studies or on the clinical experience of physicians. Demographic data include gender, age, and body mass index (BMI). Diagnostic and therapeutic information include the primary site of malignancy and metastasis and history of radiation therapy or chemotherapy. Health performance status was evaluated and recorded through the ECOG performance status. Vital signs recorded at admission include blood pressure, heart rate, and oxygen usage. Laboratory tests were conducted through routine blood drawing upon admission. The evaluated parameters include WBC, hemoglobin (Hb), platelets, alanine aminotransferase (ALT), aspartate aminotransferase (AST), BUN, creatinine (Cr), total bilirubin, albumin, CRP, potassium (K), sodium (Na) and calcium (Ca). Survival days were defined as the period from the date of admission to the Hospice Palliative Care Unit to the date of death. Patients who survived for more than 7 days were labeled as “long survivors,” and those who died within 7 days were labeled as “short survivors.”
Statistical analysis
 Descriptive statistics were summarized as frequencies and percentages for categorical variables, and continuous variables were expressed as mean and standard deviation (SD). Vital signs and biological parameters were divided into groups based on average, the normal range of our laboratory, the clinical experience of the physicians, and previous studies.18, 19, 21-23, 27
  Student’s t test and Chi-square test were used to reveal differences between long survivors and short survivors. All the candidates for objective predictors with p-value < 0.1 in univariate analyses were selected for the multivariate Cox regression analyses. The independent predictors with p-value < 0.05 in the multivariate analysis comprised final prognostic model, and each score was based on the odds ratio of every predictor. The AUC and survival rate at each point were obtained from the ROC curve. All statistical tests were two sided, with the significance level at 0.05. These statistical analyses were performed using the MAC version of the SPSS statistical software (20th version, SPSS Inc., Chicago, IL, USA)

Results
  Table 1 shows the baseline characteristics between the long survival and short survival groups. Of the 234 patients, 48 (20.5%) subjects were categorized as short survivors (survival within 7 days), whereas 186 (79.5%) subjects were long survivors. Both groups had slightly more males than females, and the majority of the primary site of malignancy is gastrointestinal. No significant differences were observed in terms of age, BMI, or ECOG between groups. The variables that were more discriminant for shorter survival in the univariate analysis (P<0.05) were brain metastasis and no history of chemotherapy.
  Table 2 presents the results of the univariate analysis of vital signs and biological parameters. Heart rate > 120 bpm, use of oxygen, WBC > 11000/mm3, platelets < 130000/mm3, ALT > 40 mg/dl, BUN > 26 mg/dl, Cr > 1.3 mg/dl, bilirubin > 2 md/dl, CRP > 8 mg/dl and K > 5.0 mg/dl are related to short-survival. Hb, albumin, Na, and Ca were not associated with the length of survival.
  Table 3 demonstrates the results of backward stepwise Cox regression analyses. The determinants of patients who died within 7 days (short survival) are no history of chemotherapy, HR >120 bpm, WBC > 11000/mm3, platelet < 130000/mm3, Cr > 1.3mg/dl, and K > 5 mg/dl. The determinants were subsequently selected as prognostic predictors based on a p-value <0.05. The final models of prognostic prediction were employed to establish the Objective Palliative Prognostic Score (OPPS) and ROC curves (Figure 1). The AUC was 82.0% (95% CI: 75.2 to 88.8%). When total scores are 0 to 2 points, 3 points, or 4 to 5 points, one-week mortality rates are 8.6%, 50% and 73.3%, respectively (Figure 2). If any three predictors out of the six were reached, survival within 7 days was predicted a sensitivity of 68.8%, specificity of 86.0%, positive predictive value of 55.9% and negative predictive value (NPV) of 91.4%.

Discussion
  In this study, we proposed a prognostic prediction model, the OPPS, for estimating the probability of 7 days survival among advanced cancer patients. To our knowledge, OPPS is the first prognostic survival prediction model exclusively composed of objective factors. The six predictors identified by the multivariate Cox regression analyses are (1) no history of chemotherapy, (2) heart rate > 120 bpm, (3) WBC > 11000/mm3, (4) platelets < 130000/mm3, (5) Cr > 1.3 mg/dl, and (5) K > 5.0 mg/dl. In our study, the AUC showed relatively good accuracy (AUC: 0.82, p < 0.001, 95% CI: 0.75 to 0.89). The OPPS also showed high specificity (86%) and high NPV (91.4%) for predicting 7 days survival when 3 predictors were reached. 
  Hemodynamic statuses are routinely recorded routinely as important clinical signs, and hemodynamic changes, such as drop of blood pressure, tachycardia or bradycardia, are frequently noted during the dying process. Tachycardia was a significantly independent predictor noted in this study and was also reported by Elsayem and Mercadante et al. for short-term survival among terminal cancer patients.20, 23 Lower blood pressure was not a significant factor in our analysis, though Mercadante et al. reported lower systolic blood pressure as a significant factor for shorter survival in advanced cancer patients who received home care service.23 By contrast, Elsayem et al. reported that diastolic blood pressure was not a significant factor, similar to our model, which warrants further investigation.20 
  Leukocytosis, thrombocytopenia, and elevated serum Cr and K levels, as biological parameters, are independent prognostic factors in this multivariate analysis and are included in the formula for OPPS. Leukocytosis is a well-known survival predictor in advanced cancer patients.4, 6, 10 In our analysis, leukocytosis also worked well in short-term survival prediction. Thrombocytopenia is common in terminal patients because of the impaired production of platelets caused by the decrease or absence of megakaryocytes owing to the myelosuppressive effects of chemotherapy or radiation therapy or as a result of the inﬁltration of the bone marrow by malignant cells.28 Ohde et al. also suggested that the members of the low platelet group of terminal cancer patients are more likely to die within two weeks.21 Impaired renal function is another common condition among terminal cancer patients. Both Chiang and Ohde et al. included elevated serum BUN level in their models as a predictor for short-term survival.19 In our multivariate analyses, elevation in BUN and Cr are both independent predictors for patients that died within 7 days. Including elevated Cr level in the formula results in better AUC than including elevated BUN level. This study is unique because of the inclusion of hyperkalemia in the OPPS. Electrolyte imbalance, a very common condition in advanced cancer patients, has never been included in previous prognostic models. Hyperkalemia was found to be an accurate predictor for 7 days survival.  
  One notable finding in our study is that no history of chemotherapy is also included in our prognostic model. Patients who have received chemotherapy might have better survival.29-31 However, no study has proven that chemotherapy could be used in the prediction of short-term survival. This topic warrants further investigation.
  The accuracy prediction of survival is very important in palliative care sot that appropriate treatment can be arranged and discussion with the patients and their families about goal setting can be facilitated. Clinical prognoses are mostly based on physician experience and the observation of the clinical condition of the patient. However, the causes of death in advanced cancer patients vary, and not every patient has a smooth downward trajectory. Although terminal symptoms, such as dyspnea, anorexia, and poor performance, are very strong predictors for the dying process,7, 9, 32 terminal patients who are near death may exhibit minimal clinical change in very late stages of life. Clinicians often find great difficulty in making treatment decisions in the very late stages of life of the patients, especially in performing invasive procedures or withdrawing life-sustaining therapy. A useful prognostic tool for the prediction of short-term survival may help guide treatment. Chiang et al. established a prognostic 7 days survival formula for patients with terminal cancer patients. This formula consisted three subjective clinical findings and two objective records (BUN and respiratory rate). The formula also had good accuracy in AUC (0.81, p < 0.001, 95% CI: 0.76 to 0.86) and high NPV (91.7%), which are similar to the findings of this study. However, the predictor model established based on a complicated formula can not be easily applied to the clinical setting.
  This study has some limitation. The final prognostic prediction model retrospectively derived from a single institution with a limited numbers of patients may have a limited nature and may be over-fitted, and the degree and criteria of patients admitted to palliative care differ around the world. Patients are admitted to our Hospice Palliative Care Unit mostly because of acute problems, such as pain, infection, electrolyte imbalance, or conscious disturbance. Thus, blood sampling upon admission is usually performed. However, blood sampling, being an invasive procedure that is uncomfortable for patients, may not be routinely performed in some palliative care facilities. Moreover, this prognostic score is solely applied to advanced cancer patients and may not be applicable to non-cancer patients. These findings require further evaluation in larger prospective studies.
  In conclusion, we suggest a 7 days prognostic prediction score for advanced cancer patients. This score consists of six objective factors, namely, heart rate > 120 bpm, WBCs > 11000/mm3, platelets < 130000/mm3, Cr > 1.3 mg/dl, K > 5 mg/dl, and no history of chemotherapy. The OPPS has a good AUC (82.0%, 95% CI: 75.2 to 88.8%). When three predictors were reached, death within 7 days was predicted with relatively good specificity (86.0%) and NPV (91.4%). OPPS is the first prediction model for survival of the advanced cancer patients that is made up of only objective subjects. The findings of this study may provide useful information for the development of new prognostic models.
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Table 1: Baseline characteristics between short and long survivors
	
	
	Short-survival
	Long-survival
	p-value

	Patient number (%)
	48 (20.5)
	186 (79.5)
	　

	Male, n (%)
	31 (64.6)
	100 (53.8)
	0.195

	Age, mean (SD)
	62.8 (13.6)
	62.9 (14.2)
	0.783

	BMI, mean (SD)
	19.6 (3.4)
	19.7 (3.5)
	0.909

	ECOG, n (%)
	　
	　
	0.703

	
	1
	2 (4.2)
	11 (5.9)
	

	
	2
	13 (27.1)
	49 (26.3)
	

	
	3
	13 (27.1)
	63 (33.9)
	

	　
	4
	20 (41.7)
	63 (33.9)
	　

	Primary site, n (%)
	　
	　
	0.660

	
	GI
	21 (43.8)
	75 (40.3)
	

	
	Lung
	5 (10.4)
	37 (19.9)
	

	
	GU
	2 (4.2)
	11 (5.9)
	

	
	Head and neck
	8 (16.7)
	28 (15.1)
	

	
	Breast
	2 (4.2)
	8 (4.3)
	

	　
	others
	10 (20.8)
	27 (14.5)
	　

	Metastasis, n (%)
	　
	　
	　

	
	Liver
	14 (29.2)
	58 (31.2)
	0.862

	
	Lung
	15 (31.2)
	59 (31.7)
	1.000

	
	Bone
	17 (35.4)
	69 (37.1)
	0.868

	
	Brain
	3 (6.2)
	36 (19.4)
	0.030

	
	Lymph
	7 (14.6)
	35 (18.8)
	0.673

	　
	Abdomen
	4 (8.3)
	10 (5.4)
	0.494

	History of chemotherapy, n (%)
	21 (43.8)
	117 (62.9)
	0.021

	History of Radiotherapy, n (%)
	22 (45.8)
	94 (50.5)
	0.628


Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology Group performance status; GI, gastrointestinal; GU, genitourinary.

Table 2: Vital signs and biological parameter data between short and long survivors.
	　
	Short-survival
	Long-survival
	p-value

	SBP < 100 mmHg, n (%)
	8 (16.7)
	26 (14.0)
	0.648

	HR > 120 BPM, n (%)
	19 (39.6)
	33 (17.7)
	0.003

	Use of oxygen, n (%)
	29 (60.4)
	79 (42.7)
	0.034

	Ascites, n (%)
	8 (16.7)
	22 (11.8)
	0.345

	WBC > 11000/mm3, n (%)
	35 (72.9)
	75 (40.3)
	< 0.001

	Hb < 10 g/dl, n (%)
	19 (39.6)
	81 (43.5)
	0.744

	Platelet < 130000/mm3, n (%)
	17 (35.4)
	33 (17.7)
	0.011

	ALT > 40 U/L, n (%)
	10 (20.8)
	13 (7.0)
	0.011

	BUN > 26 mg/dl, n (%)
	26 (54.2)
	46 (24.7)
	< 0.001

	Cr > 1.3 mg/dl, n (%)
	25 (52.1)
	37 (19.9)
	< 0.001

	Total bilirubin > 2 mg/dl, n (%)
	16 (33.3)
	34 (18.3)
	0.030

	Albumin < 2 g/dl, n (%)
	23 (47.9)
	74 (39.8)
	0.328

	CRP > 8 mg/dl, n (%)
	30 (62.5)
	79 (42.5)
	0.015

	K > 5 mEq/L, n (%)
	12 (25.0)
	10 (5.4)
	< 0.001

	Na < 135 or > 150 mEq/L, n (%)
	31 (64.6)
	139 (74.7)
	0.203

	Ca > 10 mEq/L, n (%)
	7 (14.6)
	16 (8.6)
	0.274


Abbreviations: SBP, systolic blood pressure; HR, heart rate; WBC, white blood cell count; Hb, hemoglobin; ALT, alanine aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; CRP, C-reactive protein; K, potassium; Na, sodium; Ca, calcium.

Table 3: Results of backward stepwise Cox regression analyses: determinants of patients who died within 7 days
	　
	odds ratio
	95% CI
	p-value
	score

	no chemotherapy
	3.137 
	1.427-6.896
	0.004 
	1

	HR > 120 BPM
	2.791 
	1.244-6.264
	0.013 
	1

	WBC > 11000/mm3
	3.575 
	1.585-8.067
	0.002 
	1

	Platelet < 130000/mm3
	3.657 
	1.564-8.551
	0.003 
	1

	Cr > 1.3 mg/dl
	3.295 
	1.495-7.261
	0.003 
	1

	K > 5 mg/dl
	3.760 
	1.237-11.426
	0.020 
	1


Abbreviations: HR, heart rate; WBC, white blood cell count; Cr, creatinine; K, potassium


Figure 1: Receiver operating characteristic (ROC) curve of Objective Palliative Prognostic Score. 

Abbreviation: AUC, area under the curve.

Figure 2: Mortality rate within 7 days based on Objective Palliative Prognostic Score
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