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Abstract

Purpose: Acute palliative care units (APCUs) provide intensive symptom support and transition of care for
advanced cancer patients. Better understanding of the predictors of in-hospital mortality is needed to facilitate
program planning and patient care. In this prospective study, we identified predictors of APCU mortality, and
developed a four-item In-hospital Mortality Prediction in Advanced Cancer Patients (IMPACT) predictive
model.
Methods: Between April and July 2010, we documented baseline demographics, the Edmonton Symptom As-
sessment Scale (ESAS), 80 clinical signs including known prognostic factors, and 26 acute complications on
admission in consecutive APCU patients. Multivariate logistic regression analysis was used to identify factors
for inclusion in a nomogram, which was cross-validated with bootstrap analysis.
Results: Among 151 consecutive patients, the median age was 58, 13 (9%) had hematologic malignancies, and 52
(34%) died in the hospital. In multivariate analysis, factors associated with in-hospital mortality were advanced
education (odds ration [OR] = 11.8, p = 0.002), hematologic malignancies (OR = 8.6, p = 0.02), delirium (OR = 4.3,
p = 0.02), and high ESAS global distress score (OR = 20.8, p = 0.01). In a nomogram based on these four factors,
total scores of 6, 10, 14, 17, and 21 corresponded to a risk of death of 10%, 25%, 50%, 75%, and 90%, respectively.
The model has 92% sensitivity and 88% specificity for predicting patients at low/high risk of dying in the
hospital, and a receiver-operator characteristic curve concordance index of 83%.
Conclusions: Higher education was associated with increased utilization of the interdisciplinary palliative care
unit until at the end of life. Patients with higher symptom burden, delirium, and hematologic malignancies were
also more likely to require APCU care until death.

Introduction

Patients with advanced cancer frequently develop
significant symptoms and acute complications requiring

hospitalization at the end of life. Some of these admissions
involve a stay at an acute palliative care unit (APCU) for in-
tensive symptom management and/or transition to end-of-life
care.1,2 During this admission, many important therapeutic and
discharge decisions are made, such as cessation of aggressive
therapies, and hospice and home care referral. Many of these
decisions are dependent on the patient’s prognosis, and whe-
ther he/she is expected to be discharged alive.3

The issue of in-hospital mortality has been addressed by a
number of prognostic models. In the critical care setting, the
Acute Physiology and Chronic Health Evaluation (APACHE)
system has been used to provide information regarding the
expected length of stay and mortality rate.4 A number of in-
hospital mortality models are also available in the general
medicine/oncology5 and postoperative settings.6,7 The use of
these models can facilitate both program planning and clinical
decision making by allowing clinicians to identify high-risk
patients and to initiate proper interventions.8

There is currently no established in-hospital mortality
model for APCU. In a retrospective study, we examined a

1Department of Palliative Care and Rehabilitation Medicine, 2Department of Biostatistics, The University of Texas M.D. Anderson Cancer
Center, Houston, Texas.

3Department of Internal Medicine, Institute of Health Science, College of Medicine, Gyeongsang National University, Jinju, Korea.
Accepted March 26, 2012.

JOURNAL OF PALLIATIVE MEDICINE
Volume 15, Number 8, 2012
ª Mary Ann Liebert, Inc.
DOI: 10.1089/jpm.2011.0437

902



number of factors associated with in-hospital mortality
among 2568 advanced cancer patients admitted to an APCU
using data available from institutional administrative data-
bases, and found that male gender, hematologic malignancies,
and admissions from other oncology units were associated
with death in the APCU.1 In another retrospective study in-
volving 500 advanced cancer patients, younger age, admission
from other oncology units, hyponatremia, hypernatremia, high
blood urea nitrogen, high heart rate, and supplemental oxygen
use were identified as indicators of in-hospital mortality.9 The
lack of prospective studies means that many important signs
and symptoms were not included in these analyses. A better
understanding of the factors associated with APCU mortality
would allow clinicians to identify patients at risk for dying in
the hospital, and to provide appropriate therapeutic and dis-
charge recommendations for patients and their families. An in-
hospital mortality prediction model for the APCU similar to the
APACHE system in the intensive care unit (ICU) setting could
have significant implications clinically, administratively, and
academically. In this prospective study, we identified predic-
tors of APCU mortality, and developed a four-item prognostic
model for in-hospital death.

Patients and Methods

Study setting and criteria

The Institutional Review Board at The University of Texas
M.D. Anderson Cancer Center approved this study. All cli-
nicians who participated in this study signed the informed
consent prior to enrollment. The Institutional Review Board
provided waiver of consent for patient participation.

Consecutive patients with advanced cancer who were ‡ 18
years of age and admitted to the APCU at M.D. Anderson
Cancer Center between April and July 2010 were included in
this study. This APCU is a dedicated 12-bed unit that provides
intensive symptom support and transition of care for patients
with advanced cancer and their families.10 It is staffed by an
interdisciplinary team of nurses, physicians, physiotherapists,
an occupational therapist, a pharmacist, a social worker, a
chaplain, and other allied health professionals.

Data collection

We collected baseline patient demographics, including age,
sex, ethnicity, religion, marital status, education, cancer di-
agnosis, and source of admission. Within the first 12 hours of
admission, the bedside nurse documented the Edmonton
Symptom Assessment Scale (ESAS), the palliative perfor-
mance scale (PPS), and 80 signs and symptoms of prognostic
significance. These included all the vital signs and various
abnormalities related to the neurological (e.g., level of con-
sciousness, motor/sensory changes, seizures, myoclonus),
cardiovascular (e.g., decreased heart sounds, pulselessness of
radial artery, peripheral edema), respiratory (e.g., dyspnea,
respiration with mandibular movement, grunting, death rat-
tle, apnea, Cheyne Stokes breathing, use of respiratory de-
vices), gastrointestinal (GI) (e.g., dysphagia, hematemesis,
fecal incontinence), genitourinary (e.g., urine output, hema-
turia, urinary incontinence), and integumentary (e.g., skin
coolness, cyanosis, mottling, jaundice) systems, as well as
other signs associated with the dying process (e.g., hyperex-
tension of neck, drooping of nasolabial fold, inability to clear

sections, unable to close eyelids). All nurses who participated
in this study had specialized training in palliative care, and
had been working at the APCU for at least one month. The
attending physician on the unit was responsible for doc-
umenting the presence or absence of 26 acute complications
within 24 hours of admission. Vital status (dead or alive) at the
end of hospital stay was also recorded.

ESAS measures 10 symptoms (pain, fatigue, nausea, de-
pression, anxiety, drowsiness, appetite, feeling of well-being,
shortness of breath, and sleep) in the previous 24 hours using an
11-point numeric rating scale from 0 (no symptom) to 10 (worst
symptom),11 and has been validated in cancer patients.12 The
ESAS was completed by patients with assistance from respon-
sible clinicians. Patients who were delirious did not complete
the ESAS. A global symptom distress score was subsequently
calculated based on the sum of nine aforementioned symptoms
(all except sleep), with a total score from 0 to 90.13

The Palliative Performance Scale (PPS) is an 11-point
functional assessment scale modified from the Karnofsky
Performance Scale.14 It is designed for palliative care patients,
and provides a score between 0% and 100% (0% = death,
100% = completely asymptomatic) based on patient’s ambu-
lation, activity level, disease severity, ability to care for self,
oral intake, and level of consciousness. It has been validated
for palliative care patients15 and has prognostic utility.16

In addition to ESAS and PPS, we systematically docu-
mented 80 signs and symptoms within the first 12 hours of
admission, including abnormalities regarding the vitals,
neurological, head and neck, respiratory, cardiovascular,
gastrointestinal, genitourinary, and integumentary systems,
and any psychosocial concerns.

Acute complications documented by our attending APCU
physicians included bowel obstruction, bowel perforation, ca-
chexia, cerebral hemorrhage, delirium, fracture(s), heart failure,
hemoptysis, hypercalcemia, hyperkalemia, hypernatremia, hy-
ponatremia, ischemic stroke, lower GI bleed, metabolic acidosis,
myocardial infarction, peritonitis, pneumonia, pressure ulcer,
pulmonary embolism, renal failure, retroperitoneal bleed, sepsis,
tamponade, upper GI bleed, and urinary tract infection. Delir-
ium was diagnosed by the attending APCU physician based on
the Diagnostic and Statistical Manual of Mental Disorders IV, Text
Revision (American Psychiatric Association [2000]). criteria to
accommodate for uncertainty in establishing this clinical diag-
nosis. The last two choices were coded as ‘‘Yes’’ during the
analysis. All physicians who participated were board certified in
palliative care and provided patient care based on standardized
clinical protocols.

All eight physicians and 20 nurses who participated in the
study had a 30-minute orientation to review the study ob-
jectives and data collection forms. All standardized forms
were filled out independently without reference to what was
completed the day before.

Statistical analysis

We summarized the baseline demographics using de-
scriptive statistics, including medians, ranges, frequencies,
and 95% confidence intervals (CIs).

We initially completed univariate analyses to determine
which factors were related to death in an APCU as opposed to
being discharged alive. Only 77 variables with p < 0.10 were
further examined in our model. A more liberal value for
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statistical significance was used in the initial building stage of
our model because we did not want to exclude for further
analysis any variables that might truly impact in-hospital
mortality but might have had elevated statistical significance
due to confounding. We then further selected 15 of the 38
variables that exhibited at least a threefold increase or de-
crease in odds of dying for multivariate analysis using back-
ward selection (i.e., education, hematologic tumor, delirium,
ESAS, PPS, and multiple signs including tachypnea, hyper-
tension, disorientation, disorganized thinking, drooping of
nasal labial fold, death rattle, Cheyne-Stokes breathing, dys-
phagia, metabolic acidosis, and urinary incontinence). The
threefold threshold was chosen to ensure that only factors
with the strongest predictive odds ratio (OR) were included
for further analysis. ESAS was found to have a linear risk
response with in-hospital death, so it was divided into three
equal categories (0–30, 31–60, 61–90) to make application of
the nomogram simpler. This did not impact the efficacy of the
final model. Our final In-hospital Mortality Prediction in
Advanced Cancer Patients (IMPACT) model included only
four variables—education, delirium, hematologic malig-
nancy, and ESAS; all were statistically significant with p < 0.05
as a whole. The score ranged from 0 (lowest risk of in-hospital
mortality) to 30 (highest risk). Similar to other prognostic
scoring systems such as the Palliative Prognostic Score17 and
Palliative Prognostic Index,18 we divided the IMPACT score
into three categories—low risk ( £ 6), moderate risk (7–14) and
high risk ( ‡ 15)—to facilitate application of this model.

The nomogram was then internally validated using boot-
strapping techniques, in which 500 random samples with re-
placement were generated that had the same sample size as
the cohort used to create our final IMPACT model. We then fit
the model from the original cohort onto the bootstrap samples
to estimate how well the model would perform in future data.

Performance of the IMPACT model was characterized by
(1) how well it was able to differentiate between groups (i.e.,
discrimination) and (2) how well the predicted outcome cor-
related with the actual outcome (i.e., calibration).19 We as-
sessed discrimination using the area under the curve (AUC) of
the receiver-operating characteristic (ROC) curve, with a
concordance index of 0.5 indicating no discrimination, and 1.0
indicating perfect discrimination. Calibration was examined
using the Hosmer-Lemeshow statistic, where a pvalue of
> 0.05 indicates good fit.

The IMPACT model had limited discrimination for patients
with moderate scores (7–14). Consequently, these individuals
were excluded from determination of sensitivity and speci-
ficity for the model. Sensitivity was calculated by dividing the
number of patients with scores ‡ 15 who died by the total
number of in-hospital death. Specificity was determined by
dividing the number of patients with scores £ 6 and dis-
charged alive by the total number of patients discharged alive.

STATA (Stata/SE version 11.1, StataCorp LP, College Sta-
tion, TX) and R (version 2.12.2) software were used for sta-
tistical analysis.

Results

Patient characteristics

A total of 151 patients were enrolled in this study. The
patient demographics on APCU admission are summarized
in Table 1. The median age was 58 (range 18–85), and the

majority were Caucasian. GI, lung, and gynecologic malig-
nancies were the most common primary oncologic diagnoses.
The median duration of APCU admission was 6 days (inter-
quartile range 4–8 days). A total of 52 (34%) patients died
during the admission.

Predictors associated with in-hospital mortality

Table 2 shows the univariate and multivariate analysis for
in-hospital mortality. We found that advanced education,
hematologic malignancies, delirium, and high ESAS global
symptom distress score were significantly associated with in-
hospital death. The hematologic malignancies included non-
Hodgkin lymphoma (n = 5), Hodgkin lymphoma (n = 1),
multiple myeloma (n = 1), acute myeloid leukemia (n = 2),
acute lymphocytic leukemia (n = 1), chronic myeloid leukemia
(n = 1), and chronic lymphocytic leukemia (n = 2).

Nomogram development and validation

Based on the four predictive factors identified above, we
constructed a nomogram (Table 3). This was used to generate an

Table 1. Patient Characteristics on Acute

Palliative Care Unit Admission

Patient characteristics N (%)a

Age, median (range) 58 (18–85)

Female sex 95 (63)

Ethnicity
Caucasian 97 (64)
African American 21 (14)
Hispanic 27 (18)
Other 6 (4)

Christian 130 (86)

Married 92 (62)

Education
High school or below 60 (40)
College education 45 (30)
Post graduate education 17 (11)
Missing 29 (19)

Cancer
Breast 20 (13)
Dermatologic 9 (6)
Gastrointestinal 30 (20)
Genitourinary 12 (8)
Gynecologic 23 (15)
Head and neck (5)
Hematologic 13 (9)
Respiratory 27 (18)
Sarcoma 6 (4)
Other 3 (2)

Months between cancer diagnosis and APCU
admission, median (interquartile range)

19 (9–43)

Total ESAS
0–30 25 (17)
31–60 83 (55)
61–90 11 (7)
Missingb 32 (21)

aUnless otherwise specified.
bPatients with significant delirium were not able to complete ESAS.
APCU, acute palliative care unit; ESAS, Edmonton Symptom

Assessment Scale.
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IMPACT score, which ranged from 0 to 30, with a higher score
indicating an increased risk of in-hospital mortality (Table 3).

We assessed how well the predicted outcome correlated
with the actual outcome (i.e., calibration). As shown in Fig-
ure 1, our model provided a good fit, particularly for low
scores. It slightly underestimates the risk of death with in-
termediate scores and slightly overestimates the risk of
death at higher scores. Furthermore, the Hosmer-Lemeshow
goodness-of fit-statistic was 5.0 ( p = 0.66), indicating good
calibration.

Figure 2 shows the ROC curve for our model. The concor-
dance index was 83%, suggesting good discrimination.

This model was used to build the nomogram scoring sys-
tem and we applied this to our derivation cohort to calculate
each subject’s total score. Among 37 patients with IMPACT

scores £ 6, 1 (2.7%) died; among 46 patients with scores of 7 to
14, 15 (32.6%) died; among 16 patients with scores ‡ 15, 11
(69%) died. Thus, the sensitivity of the model was 92% (95%
CI, 62-100), and the specificity was 88% (95% CI, 74-96).

Discussion

We examined a comprehensive list of signs and symptoms
related to poor prognosis, and identified four predictive fac-
tors for in-hospital mortality. We found that higher education
was associated with increased utilization of the interdisci-
plinary APCU until the end of life. Patients with higher
symptom burden, delirium, and hematologic malignancies
were also more likely to require APCU care until death. Based
on these findings, we constructed the IMPACT model and
conducted an internal validation.

Given the significant morbidities associated with cancer
progression and its treatments, optimal supportive care is es-
sential to alleviate symptom burden and distress. The physical
presence of an APCU within a tertiary care cancer center pro-
motes simultaneous oncologic and palliative care for hospital-
ized patients with particularly high symptom expression.20,21

The APCU also plays a critical role in providing family support,
and facilitates transition to end-of-life care and complex dis-
charge planning.1 In-hospital mortality is dependent on the
length of survival; however, the two outcomes differ in that in-
hospital mortality is also affected by myriad other factors, such
as dischargablity, psychosocial concerns, various logistical is-
sues, and institutional policy. Successful development of an in-
hospital mortality algorithm would facilitate benchmarking and
enable quality improvement efforts at the national and institu-
tional level, providing information at a higher resolution than
APCU mortality rate alone. It would also assist patients and
health professionals in end-of-life decision making and resource
allocation.22 Despite the need for accurate prediction of in-hos-
pital death, there is a paucity of research on APCU mortality
models. This could be explained by the small number of aca-
demic centers equipped with such facilities.23 As APCUs be-
come more common, the use of in-hospital mortality prediction
tools will likely become more widespread.

Interestingly, we identified advanced education as an im-
portant predictor in hospital mortality. Patients with post-
college eduction had an OR of 12 for dying at the APCU. There

Table 2. Predictors of In-Hospital Mortality

Univariate analysis Multivariate analysis

Alive
N = 99 (%)

Died
N = 52 (%)

Fisher’s exact
P value

Odds ratio
(95% CI) P value

Odds ratio
(95% CI) P value

Education 0.005 0.008
High school or less 48 (59) 12 (30) 1.0 – 1.0 –
College education 27 (33) 18 (45) 2.7 (1.1-6.4) 0.027 2.1 (0.6-6.9) 0.24
Post graduate education 7 (9) 10 (25) 5.7 (1.8-18.1) 0.003 11.8 (2.5-56.2) 0.002

Hematologic malignancy 5 (5) 8 (15) 0.035 3.4 (1.1-11.0) 0.040 8.6 (1.3-55.2) 0.02

Delirium 48 (49) 43 (83) < 0.0001 5.1 (2.2-11.5) < 0.0001 4.3 (1.3-14.8) 0.02

Total ESAS 0.006 0.038
0–30 23 (27) 2 (6) 1.0 – 1.0 –
31–60 56 (67) 27 (77) 5.5 (1.2-25.3) 0.027 3.7 (0.7-20.5) 0.13
61–90 5 (6) 6 (17) 13.8 (2.1-89.5) 0.006 20.8 (2.0-214.5) 0.01

CI, confidence interval; ESAS, Edmonton Symptom Assessment Scale.

Table 3. IMPACT Scoring and Interpretation

Scoring

Variables Nomogram score

Education
High school 0
College or less 2
Advanced 8

Hematologic malignancy 7

Delirium 5

Total ESAS
0–30 0
31–60 4
61–90 10

Interpretation

Total score Risk of in-hospital death

6 0.10
10 0.25
14 0.5
17 0.75
21 0.9

ESAS, Edmonton Symptom Assessment Scale; IMPACT, In-
hospital Mortality Prediction in Advanced Cancer Patients.
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FIG. 1. Calibration of nomogram. This dia-
gram illustrates how far the predictions are
from the actual risk of death. The x-axis
shows the predicted probability of death at
discharge based on the logistic regression
model. The y-axis represents the actual
probability of death at discharge, which is
calculated by (1) dividing patients into sub-
groups according to their predicted proba-
bility of death at discharge in ascending order
and then (2) determining the proportion of
actual death at discharge for each subgroup.
There are two predicted curves in the figure—
apparent and bias corrected. The apparent
method assesses the performance of the lo-
gistic regression model using the same data
that were fit to the model, whereas bias-
corrected uses data generated from 500
bootstrap samples and is used to estimate
how well the model will perform for future
data. Perfect calibration would result in both
curves falling on the 45-degree line.

FIG. 2. Receiver operator characteristic (ROC) curve. The IMPACT model’s ability to discriminate between groups was
assessed by an ROC curve created using data from all 151 patients. The vertical axis represents sensitivity, which is the
proportion of predicted death among patients who actually died, and the horizontal axis represents the proportion of
predicted death among patients who were actually discharged alive. The more concave the curve, the better the prediction
ability. Area under the curve (AUC) is a numerical assessment of concavity. An AUC of 50% indicates that prediction is based
purely on random chance, and an AUC of 100% indicates that the outcome can be perfectly predicted. The AUC for the
authors model was 0.83, suggesting good discrimination.

906 HUI ET AL.



are several possible explanations for this observation. First,
higher education is a marker of higher socioeconomic status
and thus access to health care resources.24,25 Meropol and
colleagues demonstrated that patients with advanced degrees
tend to be more likely to want to focus on quality of life.26

Given the limited level of support in hospices, highly edu-
cated patients may prefer to die in the APCU where they have
access to intensive symptom control and monitoring while
their families receive psychosocial support in an interdisci-
plinary holistic environment. This hypothesis challenges the
‘‘Holy Grail,’’ including our own belief, that a majority of
cancer patients wish to die at home.27-29 Second, previous
studies have shown that patients with higher socioeconomic
status were more likely to be in agreement with their physi-
cians in decision making preferences.30 Physicians may find it
easier to empathize with highly educated individuals, and
agree more with their choices. Third, higher education may
potentially be associated with higher frequency of antineo-
plastic therapy use, which may delay referral to the palliative
care service leading to higher in-hospital mortality. Finally,
there may be institutional pressure to discharge patients with
a low level of education and/or socioeconomic status due to
insurance issues. Clearly, further research is required to un-
derstand the interplay between education level, socioeco-
nomic status, and discharge outcome.

High symptom burden was identified as a novel predictor
for in-hospital mortality. A previous study examining the
ESAS only analyzed individual symptoms, rather than the
combined symptom burden.9 A high symptom burden con-
fers a poor prognosis, which is associated with high in-
hospital mortality. This finding may explain why effective
management of symptoms by a palliative care team was as-
sociated with improved survival in a recent randomized
controlled trial.31 A high global distress score could also be
indicative of high symptom expression as a manifestation of
suffering. Patients with severe pain and other symptoms tend
to be more difficult to treat,32 and thus would be more chal-
lenging to discharge.

Related to symptom burden, we also found delirium to be
an important predictor of in-hospital mortality. Delirium is a
well-established prognostic factor,33 and is associated with
higher symptom expression34 and higher distress in families
and caregivers, potentially leading to increased caregiver
burden, making such patients less dischargable.35,36 Some
patients may require high-dose neuroleptics and/or palliative
sedation for agitation, hampering discharge to home or in-
patient hospices. Consequently, these patients were more
likely to die in the hospital.

Hematologic malignancy was another factor associated
with increased in-hospital mortality. Our finding is consistent
with previous studies examining predictors of in-hospital
mortality.1 Indeed, patients with hematologic malignancies
tend to have a higher symptom burden,37 and receive more
aggressive care at the end of life, including antineoplastic
therapies,10 critical care unit admissions, and ICU deaths.38

They were also referred very late in the disease trajectory,
contributing to the higher in-hospital mortality rate.39 Finally,
many patients with hematologic malignancy require blood
product support at the end of life, making them less likely to
be discharged to hospices.

This is the first prospective study that proposes an in-
hospital mortality model for APCU patients. We identified

four simple factors that are amenable to bedside assessment,
with a high sensitivity and specificity for patients at lower and
higher risk for death at discharge. The discrimination of our
four-variable model (AUC = 0.83) resembles that of the
APACHE IV score (AUC = 0.88) that requires 48 variables.
Our findings will hopefully stimulate other groups to inde-
pendently validate and improve this predictive model.

The IMPACT score has potential implications for patients
with either a low or a high score. A patient with an IMPACT
score of 6 or lower is highly likely to be discharged, and dis-
charge planning should start at admission. Conversely, an
IMPACT score of 15 or higher indicates a high likelihood of in-
hospital death, and an active effort to discharge the patient
could result in unnecessary distress for the patient, the family,
and the health care team.

This preliminary study has several important limitations.
First, we only had a small sample size, and examined a large
array of signs and symptoms during the development of
this predictive model. Thus, we restricted the number of
factors included in the multivariate analysis. Second, the
missing data in ESAS (related to delirium) and education
limited the sample size further. Third, the small sample
size also means that we were not able to validate the model
with an independent cohort. Cross-validation with boot-
strapping was provided instead. Further studies are neces-
sary to confirm our findings. Third, the threefold cutoff for
variable selection may have inadvertently excluded some
important variables from the final model. Finally, this study
was conducted in a tertiary care cancer center with a unique
patient population and referral pattern. The four variables
identified in this study may only be applicable to our in-
patient unit. It is unclear whether our findings can be gen-
eralized to APCUs in other hospitals. External validation
is needed before our findings can be applied in routine
clinical practice.

In summary, we developed and validated a predictive
model for APCU mortality. Higher education was identified
as a novel factor contributing to increased risk of APCU death,
leading us to hypothesize that patients and families may ac-
tually prefer death in a controlled environment, providing the
appropriate resources are available. The other factors in-
cluding total symptom burden, delirium, and diagnosis of
hematologic malignancies are all markers of poor prognosis,
higher care needs, and more difficult discharges. Further
validation of the IMPACT model, which would include using
data from other centers, is warranted to determine its impact
on program planning and patient care.

Acknowledgments

We would like to thank all physicians and nurses who
participated in the data collection for this study.

Author Disclosure Statement

This research is supported in part by the National Institutes
of Health through M.D. Anderson’s Cancer Center Support
Grant CA016672. Dr. Bruera is in part supported by the
National Institutes of Health grants RO1NR010162-01A1,
RO1CA122292-01, and RO1CA124481-01. The funding
source/sponsor was not involved in the conduction of the
study or development of the manuscript. The authors have
full control of all primary data.

IN-HOSPITAL MORTALITY PREDICTION 907



References

1. Hui D, Elsayem A, Palla S, De La Cruz M, Li Z, Yennur-
ajalingam S, Bruera E.: Discharge outcomes and survival of
patients with advanced cancer admitted to an acute pallia-
tive care unit at a comprehensive cancer center. J Palliat Med
2010;13:49–57.

2. Elsayem A, Swint K, Fisch MJ, Fisch MJ, Palmer JL, Reddy S,
Walker P, Zhukovsky D, Knight P, Bruera E: Palliative care
inpatient service in a comprehensive cancer center: Clinical
and financial outcomes. J Clin Oncol 2004;22:2008–2014.

3. Hui D, Con A, Christie G, Hawley PH: Goals of care and
end-of-life decision making for hospitalized patients at a
Canadian tertiary care cancer center. J Pain Symptom
Manage 2009;38:871–881.

4. Zimmerman JE, Kramer AA, McNair DS, Malila FM: Acute
Physiology and Chronic Health Evaluation (APACHE) IV:
Hospital mortality assessment for today’s critically ill pa-
tients. Crit Care Med 2006;34:1297–1310.

5. Bozcuk H, Koyuncu E, Yildiz M, Samur M, Ozdogan M, Artaç
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