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ABSTRACT

Clinicians have limited accuracy in the prediction of pa-
tient survival. We assessed the accuracy of probabilistic cli-
nician prediction of survival (CPS) and temporal CPS for
advanced cancer patients admitted to our acute palliative
care unit, and identified factors associated with CPS accu-
racy. Eight physicians and 20 nurses provided their esti-
mation of survival on admission by (a) the temporal
approach, “What is the approximate survival for this pa-
tient (in days)?”” and (b) the probabilistic approach, ‘“What
is the approximate probability that this patient will be alive
(0%-100%)?” for =24 hours, 48 hours, 1 week, 2 weeks, 1
month, 3 months, and 6 months. We also collected patient
and clinician demographics. Among 151 patients, the me-
dian age was 58 years, 95 (63%) were female, and 138

(81%) had solid tumors. The median overall survival time
was 12 days. The median temporal CPS was 14 days for
physicians and 20 days for nurses. Physicians were more
accurate than nurses. A higher accuracy of temporal phy-
sician CPS was associated with older patient age. Probabi-
listic CPS was significantly more accurate than temporal
CPS for both physicians and nurses, although this analysis
was limited by the different criteria for determining accu-
racy. With the probabilistic approach, nurses were signif-
icantly more accurate at predicting survival at 24 hours
and 48 hours, whereas physicians were significantly more
accurate at predicting survival at 6 months. The probabi-
listic approach was associated with high accuracy and has
practical implications. The Oncologist 2011;16:1642—-1648

INTRODUCTION
The ability to prognosticate accurately has great implications
for clinical decision making, particularly in the end-of-life set-

ting for patients with advanced cancer. Many important deci-
sions, such as chemotherapy use, hospice referral, advance
care planning, discharge planning, and personal finances, are
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dependent on the length of expected survival [1-5]. Various
prognostic factors and prognostic models, such as the Pallia-
tive Prognostic Score and the Palliative Prognostic Index, have
been developed [6—8]. However, current prognostic models
are relatively cumbersome and inaccurate. To date, clinician
prediction of survival (CPS) remains the most practical and
hence most commonly used approach to estimate prognosis
[9].

CPS is the subjective formulation of survival based on clin-
ical experience and knowledge of prognostic factors and the
natural history of disease [10]. In this approach, the clinician is
typically asked “How long do you think the patient will live?”
and a temporal answer is provided. CPS has a number of key
advantages over existing prognostic models, including its con-
venience (no need for additional data), quick response, and the
provision of an easily interpretable answer. However, tempo-
ral CPS has consistently been shown to overestimate survival
times [11]. In this approach, clinicians are forced to project an
“expiration date” for their patients, which could make them
feel uncomfortable. Furthermore, temporal CPS is highly cli-
nician dependent, making it a less reliable tool [12, 13].

There is a pressing need to develop better approaches to
CPS, which would allow clinicians to provide more accurate
survival predictions for patients and their families, and to bet-
ter facilitate clinical decision making. To better account for the
uncertain nature of prognostication, we examined a probabi-
listic approach to CPS by asking clinicians “What is the ap-
proximate probability that this patient will be alive (0%—
100%)?” for a number of defined time frames. In this
prospective study, we compared the accuracy of probabilistic
CPS and temporal CPS, and identified factors associated with
CPS accuracy using these two approaches. We hypothesized
that the probabilistic approach is more accurate than the tem-
poral approach.

PATIENTS AND METHODS

Study Setting and Criteria
The Institutional Review Board at The University of Texas
MD Anderson Cancer Center approved this study. All clini-
cians who participated in this study signed an informed con-
sent form prior to enrollment. The Institutional Review Board
provided waiver of consent for patient participation.
Consecutive patients with advanced cancer who were =18
years old and admitted to the acute palliative care unit (APCU)
at MD Anderson Cancer Center between April 2010 and July
2010 were included in this study. This 12-bed APCU provides
intensive symptom support and transition of care for patients
with advanced cancer and their families. It is staffed by an in-
terdisciplinary team of physicians, nurses, social workers,
physiotherapists, pharmacists, and a chaplain [14].

Patient Characteristics

Upon admission, patient demographics such as age, sex, race,
education, religion, and cancer diagnosis were retrieved from
our institutional electronic database.
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Clinician Characteristics

All physicians from the Department of Palliative Care and Re-
habilitation Medicine at the MD Anderson Cancer Center par-
ticipated in this study. These physicians were board certified in
palliative care and provided patient care following standard-
ized clinical protocols. All bedside nurses who worked in the
APCU during the study period were also enrolled in this study.
These nurses received specialized training in palliative care
and cared for two to four patients per shift. We collected var-
ious clinician characteristics including age, sex, profession
(physician or nurse), religion, years of clinical experience, and
years of palliative care experience.

CPS

Upon admission, both the attending physician and bedside
nurse most responsible for the patient’s care independently
filled out an eight-question form inquiring about CPS using
two different approaches: (a) a temporal approach, “What is
the approximate survival for this patient (in days)?” and (b) a
probabilistic approach, “What is the approximate probability
that this patient will be alive (0%—100%)?” for =24 hours, 48
hours, 1 week, 2 weeks, 1 month, 3 months, and 6 months. Cli-
nicians were asked to circle an answer of 0%—100% in 10%
increments that best reflected the probability of survival for the
given time point. The time frames were chosen for their rele-
vance to clinical decision making. Specifically, recognition of
“actively dying” is related to 24-hour and 48-hour survival pre-
dictions, hospice transfer is dependent on 1-week and 2-week
survival predictions, eligibility for chemotherapy and other
treatments is dependent on a 1-month survival prediction, and
a goals-of-care discussion is related to 3-month and 6-month
survival predictions. Prognostic estimates were not shared
with patients or their families.

Actual Survival

Overall survival was calculated from study entry to death, or
censored at the day of last follow-up if death was not ob-
served. Vital status was obtained from electronic chart re-
view and the Cancer Registry Vital Statistics Database.

Statistical Analysis

We summarized the baseline demographics and accuracy of
CPS using descriptive statistics, including medians, means,
standard deviations, ranges, and frequencies.

The cutoffs for defining accuracy of CPS were defined a
priori. For the temporal approach, an estimation of the num-
ber of days of survival was considered accurate if it fell
within +33.3% of the actual survival. This cutoff was pre-
viously defined in other published studies [13, 15]. For the
probabilistic approach, an estimation of the probability of
survival was considered to be accurate if either (a) the pa-
tient died and the clinician endorsed a survival probability
=30% or (b) the patient survived and the clinician selected
a survival probability =70%. These cutoffs were specifi-
cally chosen after discussion among 10 palliative care spe-
cialists to be stringent yet clinically meaningful. The
clinician had to be relatively confident that the patient
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Table 1. Patient characteristics on APCU admission

Patient characteristic n(%)*

Age, median (range) 58 (18-85)

Female sex 95 (63)

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

Christians 130 (86)

Married 92 (61)

Education
High school or below 59 (39)
College education 45 (30)
Advanced education 17 (11)
Missing 30 (20)

Cancer
Breast 20 (13)
Dermatologic 9 (6)
Gastrointestinal 30 (20)
Genitourinary 12 (8)
Gynecologic 23 (15)
Head and neck 8(5)
Hematologic 13 (9)
Respiratory 27 (18)
Sarcoma 64)
Other 3(12)

Months between cancer diagnosis and 19 (9-43)

APCU admission, median

(interquartile range)

#Unless otherwise specified.

Abbreviation: APCU, acute palliative care unit.

would likely die (i.e., =30% chance of survival) or live (i.e.,
=70% chance of survival) to be considered accurate. A sur-
vival probability of 40%—-60% indicated uncertainty and
ambivalence and thus was coded as inaccurate regardless of
the survival outcome.

We compared the accuracy of CPS between the proba-
bilistic approach and the temporal approach using the Mc-
Nemar test. This same test was also used to compare the
accuracy between physicians and nurses. To determine pa-
tient factors associated with CPS accuracy for physicians,
we included patient age, sex, race, malignancy (solid versus
hematological tumors), duration of CPS, as well as a num-
ber of clinical signs and symptoms collected on admission,
including palliative performance status, delirium, pneumo-
nia, and dysphagia, in a multivariate regression model. The
same process was conducted for CPS accuracy for nurses.

To determine clinician factors associated with CPS accu-
racy, we first calculated the accuracy rate of each physician

Nurses Physicians
(n = 20) (n=28)
Clinician characteristic n(%)* n(%)>*
Age, median (range) 44 (24-61) 47 (38-54)
Female sex 17 (85) 2(25)
Ethnicity
White 5(25) 337
African American 4 (20) 1(13)
Asian 11 (55) 4(50)
Christians (Catholics and 14 (70) 0(0)
Protestants)
Years of clinical 9 (3-18) 21 (12-24)
experience, median
(interquartile range)
Years of palliative care 2 (1-7) 9 (6-14)

experience, median
(interquartile range)

“Unless otherwise specified.

and nurse. We then conducted univariate analysis for temporal
and probabilistic accuracy using the Mann-Whitney test for
categorical variables (i.e., sex, religion, profession) and the
Spearman correlation test for continuous, nonparametric vari-
ables (i.e., years of clinical experience, years of palliative care
experience).

A two-sided p-value <.05 was considered to be statisti-
cally significant. The Statistical Package for the Social Sci-
ences (SPSS, version 16.0; SPSS Inc., Chicago, IL) was used
for statistical analyses.

RESULTS

Patient Characteristics

In total, 151 patients were enrolled in this study. Table 1 sum-
marizes the patient demographics on APCU admission. Lung,
gastrointestinal, and gynecologic cancers represented the most
common malignancies. The median palliative performance
status was 40% (interquartile range, 30%—-50%). The median
duration between cancer diagnosis and APCU admission was
19 months (interquartile range, 9-43 months). The median
overall survival duration was 12 days (95% confidence inter-
val, 915 days). At the time of study analysis, 127 (84%) pa-
tients had died.

Clinician Characteristics

Eight physicians and 20 nurses were involved in this study.
Clinician characteristics are shown in Table 2. Physicians had
longer clinical experience and palliative care experience than
nurses.

Temporal CPS

The median temporal CPS was 14 days (95% confidence in-
terval, 11-17 days) for physicians and 20 days (95% confi-
dence interval, 17-23 days) for nurses. Figure 1 shows that
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Figure 1. Predicted survival versus actual survival by physi-
cians and nurses for 127 patients who died. The diagonal line de-
picts perfect concordance, with dots above suggesting
overestimation and dots below suggesting underestimation. This
plot shows that nurses (#) were more optimistic than physicians (™)
in estimating survival. A logarithmic scale is used for both x-axis
and y-axis.

both physicians and nurses systematically overestimated sur-
vival times, and nurses were more optimistic than physicians.
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Among the patients who died (n = 127), actual survival was
correlated with temporal CPS by physicians (r = 0.63; p <
.001) and nurses (r = 0.50; p < .001). Physicians’ and nurses’
estimates were also correlated with each other (r = 0.54; p <
.001).

The accuracy of temporal CPS is shown in Figure 2, dem-
onstrating that physicians were more accurate than nurses
(32% versus 18%; p < .001).

Probabilistic CPS
The median probabilistic CPS percentages provided by physi-
cians were 90%, 80%, 60%, 40%, 10%, 0%, and 0% for sur-
vival at =24 hours, 48 hours, 1 week, 2 weeks, 1 month, 3
months, and 6 months, respectively. In contrast, the median
probabilistic CPS percentages provided by nurses were 100%,
100%, 80%, 60%, 35%, 10%, and 0%, respectively. Overall,
only a small proportion of clinicians expressed uncertainty
(i.e., 40%-60% probability of being alive) with probabilistic
CPS. An uncertain answer was provided by 16% of physicians
and 7% of nurses for survival at 24 hours, 19% of physicians
and 6% of nurses for survival at 48 hours, 25% of physi-
cians and 19% of nurses for survival at 1 week, 32% of physi-
cians and 22% of nurses for survival at 2 weeks, 22% of phy-
sicians and 29% of nurses for survival at 1 month, 8% of
physicians and 10% of nurses for survival at 3 months, and 0%
of physicians and 7% of nurses for survival at 6 months.
Probabilistic CPS was significantly more accurate than
temporal CPS for both physicians and nurses (p < .001 for all
paired comparisons between the temporal approach and each
individual time frame, McNemar test) (Fig. 2). The respective
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Figure 2. Accuracy of clinician prediction of survival (CPS) by the traditional and probabilistic approaches. Probabilistic CPS was
significantly more accurate than temporal CPS (p < .001 for all paired comparisons between the temporal approach and each probabilistic
time frame; i.e., column 1 versus column 3, 4, 5, 6,7, 8, and 9 for physicians; column 2 versus column 10, 11, 12, 13, 14, 15, and 16 for
nurses; McNemar test). We also compared between physicians and nurses for each prognostication question, and the significant p-values

are indicated with paired asterisks.
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Figure 3. Accuracy of temporal clinician prediction of survival
(CPS) by clinician and patient age. The y-axis represents the pre-
dicted values from a multivariate logistic regression examining
temporal accuracy of CPS as a function of clinician and patient
age. The x-axis represents the actual patient age (in years) for each
observation. Patient age was a significant predictor of clinician ac-
curacy (p = .019). On average, a significantly more accurate tem-
poral CPS was provided for older patients than for younger
patients, regardless of which clinician provided the estimate.

accuracy rates for predictions of survival at =24 hours, 48
hours, 1 week, 2 weeks, 1 month, 3 months, and 6 months were
71%, 66%, 58%, 56%, 67%, 86%, and 96% for physicians and
91%, 86%, 61%, 53%, 60%, 719%, and 88% for nurses. Com-
paring between physicians and nurses, we found that nurses
were significantly more accurate in their prediction of survival
at 24 hours (91% versus 71%; p < .001) and at 48 hours (86%
versus 66%; p < .001). In contrast, physicians were signifi-
cantly more likely than nurses to provide accurate prognosti-
cation for the 6-month time point (96% versus 88%; p = .006)
(Fig. 2).

Predictors of Accuracy of CPS

We examined both patient and clinician characteristics for fac-
tors associated with better accuracy of CPS. The accuracy of
temporal CPS was associated with older patient age (p = .019)
(Fig. 3) but no other patient or clinician characteristic, such as
clinician age, sex, and years of experience. There was also
wide interphysician variation in temporal CPS (Fig. 3).

Other than the nursing profession for the 24-hour and 48-
hour time point estimates, we found no other patient or clini-
cian characteristics that were associated with higher accuracy
for probabilistic CPS.

DISCUSSION

In this prospective study, we compared probabilistic CPS and
temporal CPS in patients with advanced cancer admitted to an
APCU. We found that the probabilistic approach was associ-
ated with greater accuracy than with the temporal CPS ap-
proach, suggesting that the way we ask about prognosis can
have an important impact on its accuracy. For temporal CPS,
older patient age was associated with higher accuracy. For
probabilistic CPS, nurses were highly accurate in the last 48

Probabilistic Clinician Prediction of Survival

hours of life, whereas physicians were better at longer term
prognostication.

The low accuracy rate for temporal CPS is consistent with
the 20%—40% rates reported in the literature [11, 13, 15]. This
could partly be related to the sensitive nature of the temporal
question, and simply that the clinician response has no upper
limit. Clinicians may err on the side of caution and express
their uncertainty by providing longer projected survival.

Few studies have compared the prognostic accuracy of
temporal CPS between physicians and nurses. We found that
physicians were more accurate with the temporal approach
than nurses, who were more optimistic in their prognostica-
tion. Llorera et al. [15] also reported that oncologists were bet-
ter at predicting survival than nurses. Similar to other studies
[16], we found that some physicians consistently prognosticate
more accurately than others (Fig. 3), suggesting that there may
be specific clinician-related factors contributing to better ac-
curacy. The literature suggests that greater clinician experi-
ence and a shorter duration of the patient—physician
relationship are associated with better temporal CPS accuracy
[13]. However, we did not identify any association between the
accuracy of temporal CPS and the length of clinical and palli-
ative care experience. This may be explained by the fact that
we only examined clinicians practicing in palliative care, who
tend to have strong expertise with survival prediction. Thus,
we may be observing a saturation effect in which additional
years of clinical experience do not contribute to further accu-
racy in prognostication once a basic competency is attained.
Further studies are needed to examine how experience can af-
fect accuracy. Qualitative studies may also have a role in iden-
tifying novel predictive factors for CPS accuracy.

In addition to clinician-related factors, patient-related fac-
tors have also been shown to be associated with greater prog-
nostic accuracy. Most recently, Clément-Duchéne et al. [17]
reported higher accuracy in patients with lower quality of life.
Interestingly, our analysis showed that older patient age was an
independent factor associated with higher temporal CPS accu-
racy (Fig. 3). One potential explanation is that younger patients
may not show the same prognostic signs as older patients. Al-
ternatively, it may be psychologically more difficult for phy-
sicians to give younger patients a poor prognosis. Further
studies are required to examine this phenomenon.

To overcome the inaccuracy and inconsistency associated
with temporal CPS, various investigators have suggested alter-
native questions to foretelling outcomes. Some researchers
have proposed the “surprise question,” in which clinicians
were asked “Would I be surprised if this patient died in 1
year?” This concept resulted in an accuracy rate of 88%, with a
positive predictive value of 41% and negative predictive value
of 97% [18]. A challenge with this approach is that it forces a
binary response with a “yes” or “no”” answer. To better account
for uncertainty when predicting prognosis, a probabilistic ap-
proach could be used instead. Forster and Lynn [19] asked cli-
nicians to provide “the number of months that would include
90% of all deaths of patients exactly like this.” In other studies,
clinicians estimated the chance of patient survival at a specific
time point (e.g., 6 month), and the accuracy was analyzed us-
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ing the Brier Score [20—22]. Our current study examined the
probabilistic approach using clinically relevant time points and
easy-to-interpret cutoffs. Unlike temporal CPS and the sur-
prise question, our approach allows clinicians to express their
degree of uncertainty regarding a patient’s survival. It also
frames the question to support clinical decision making. For
instance, if a clinician is evaluating a patient for hospice eligi-
bility, the prognosis question can be framed as “What is the
approximate probability that this patient will be alive for =6
months?” An answer =70% would suggest that this patient
may not be eligible for hospice from a survival standpoint. In
another scenario, an estimate =30% for a =48 hour chance of
survival may suggest that the patient would benefit from stay-
ing in the hospital rather than being discharged home. Further
research is necessary to examine potential practical applica-
tions for probabilistic CPS.

To our knowledge, this is the first study to directly compare
probabilistic CPS with temporal CPS. We found that the prob-
abilistic approach was superior to the temporal approach in
predicting survival. Although nurses still overestimated with
the probabilistic model, they were much more accurate than
with the temporal approach. The high accuracy rate can be at-
tributed to the use of the probability question, which is easier to
ask and answer, provided that the respondents were comfort-
able with the concept of probability. This approach, coupled
with the fact that we tested the questions with a group of ex-
perienced clinicians and in a patient population with a rela-
tively short survival time, made it possible to achieve a high
degree of accuracy. Interestingly, only a minority of clinicians
expressed uncertainty when using this approach, supporting
the clinical utility of probabilistic CPS.

By asking multiple questions with the probabilistic ap-
proach, we were able to gain important insights into how ac-
curacy varies within different time frames. Both physicians
and nurses were accurate when the patient’s survival time was
in terms of months and days, but not weeks. This finding is
consistent with other studies demonstrating that intermediate
survival is difficult to predict [23, 24]. We postulate that longer
term prognostication (i.e., months of survival) requires knowl-
edge of the natural history of the disease, whereas very short-
term prognostication (i.e., days of survival) requires
recognition of the signs of dying. Both of these are relatively
well-established knowledge domains. In contrast, prognostica-
tion in the intermediate time frame involves understanding the
risk for developing acute life-threatening chaotic events, such
as pneumonia and thromboembolism. These events often hap-
pen 1-4 weeks before death, and the outcomes are more diffi-
cult to predict because of treatment and interpatient variability.
Development of prognostic tools for this time frame may aug-
ment clinician accuracy.

The survival time of our cohort was relatively short, with
approximately two thirds of patients discharged alive. Accu-
rate prognostication is critical for this cohort because many im-
portant therapeutic (e.g., discontinuation of aggressive
therapies) and discharge (e.g., home, inpatient hospice, home
hospice) decisions are made during an APCU admission, all of
which are dependent on projected survival. We found that
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nurses were highly accurate in the last 48 hours of life, whereas
physicians were better with predictions earlier in the disease
trajectory. This observation is not surprising given that nurses
spend more time at a patient’s bedside and are thus able to pick
up imminent signs of dying. Our findings highlight the impor-
tance of incorporating nursing input into clinical decision mak-
ing in an interdisciplinary environment.

This study has several limitations. First, we were only able
to include a small number of clinicians in this study, which pre-
cludes detailed analysis regarding clinician characteristics pre-
dictive of CPS accuracy. Our preliminary findings strongly
support the need to conduct multicenter studies with larger
sample sizes. Second, the accuracy rate is very much depen-
dent on how accuracy is defined. The accuracy criterion for
temporal CPS is particularly stringent for patients with a short
expected survival duration, and this should be taken into con-
sideration when interpreting our findings. We identified our
cutoffs for probabilistic CPS a priori based on discussions with
the research team, and employed practical and easily interpre-
table cutoffs. We did not use the Brier Score to analyze prob-
abilistic CPS, but focused on the accuracy for individual
patients instead. This is similar to tumor response, in which we
need to judge the outcome by individuals rather than in aggregate.
Third, this study was conducted in an APCU at a tertiary care can-
cer center with a unique patient population with a very short prog-
nosis, which may limit its generalizability. Validation in other
palliative care settings and also earlier in the disease trajectory
would be beneficial. Our observation that the patterns of probabi-
listic estimation in physicians and nurses mirrored each other
lends support to the applicability of this approach.

CONCLUSION

This study demonstrated that the way we ask and interpret the
prognosis question can have an important impact on its accu-
racy and clinical utility. By reframing the dreaded question
“How long do I have?” experienced clinicians may be able to
intuitively formulate survival estimates with a higher degree of
accuracy. The probabilistic question proposed in this study is easy
to use, and the practical time frames can potentially be linked to
clinical decision making, particularly when used in conjunction
with other prognostic tools [25]. Our study further highlights the
differential yet complementary roles of physicians and nurses in
predicting prognosis. Further research and education are neces-
sary to improve CPS and ultimately patient care.
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