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Abstract Background: In patients with advanced cancer, prognosis is usually determined us-

ing clinicians’ predictions of survival (CPS). The palliative prognostic (PaP) score is a prog-

nostic algorithm that was developed to predict survival in patients with advanced cancer.

The score categorises patients into three risk groups in accordance with their probability of

surviving for 30 days. The relative accuracy of PaP and CPS is unclear.

Design: This was a systematic review of MEDLINE, Embase, AMED, CINAHL Plus and the

Cochrane Database of Systematic Reviews and Trials from inception up to June 2021. The

inclusion criteria were studies in adults with advanced cancer reporting data on performance

of both PaP and CPS. Data were extracted on accuracy of prognoses and where available on

discrimination (area under the receiver operating characteristic curve or C-index) and/or diag-

nostic performance (sensitivity, specificity).

Results: Eleven studies were included. One study reported a direct comparison between PaP

risk groups and equivalent risk groups defined by CPS and found that PaP was as accurate

as CPS. Five studies reported discrimination of PaP as a continuous total score (rather than

using the previously validated risk categories) and reported C-statistics that ranged from 0.64

(95% confidence interval [CI] 0.54, 0.74) up to 0.90 (95% CI 0.87, 0.92). Other studies

compared PaP against CPS using non-equivalent metrics (e.g. comparing probability estimates

against length of survival estimates).

Conclusions: PaP risk categories and CPS are equally able to discriminate between patients

with different survival probabilities. Total PaP scores show good discrimination between
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patients in accordance with their length of survival. The role of PaP in clinical practice still

needs to be defined.

Trial registration: PROSPERO (CRD42021241074, 5th March 2021).

ª 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
1. Background

Accurate prognoses are critical to good care, particu-

larly for patients with serious illnesses, a view shared by

patients, families, clinicians and policymakers [1e5].
For example, accurate prognoses play critical roles in

guiding decisions about the likely benefit or futility of

medical interventions [6,7]. In addition, decisions about

different forms of care (such as the decision to continue

with a particular treatment), enrolment in clinical trials

and access to services are influenced by life expectancy

[8,9]. More accurate prognoses might facilitate more

equitable access to care by distinguishing between pa-
tients based on their proximity to death [10,11]. A

realistic sense of life expectancy may also enable patients

and families to make better-informed decisions about

their lives and future plans [12,13].

Over the last 20 years, several prognostic scores have

been developed for use in palliative care patients with

advanced cancer [14,15]. One of the best validated and

most widely used tools is the palliative prognostic (PaP)
score [16e18]. The total PaP score is calculated by

summing partial scores for six variables: dyspnoea,

anorexia, Karnofsky performance status, total white

blood count, lymphocyte percentage and the clinician

estimated survival (in terms of two-week incremental

categories ranging from 0-2 weeks up to 12 weeksþ).

Total PaP scores range between 0 and 17.5 points. The

score categorises patients into one of three risk groups in
accordance with their probability of 30-day survival:

Group A (score 0e5.5; >70% probability), group B

(score 6e11; 30e70% probability) and group C (score

>11; <30% probability). Since its original publication in

1999, numerous studies have evaluated PaP in palliative

cancer populations and have generally reported that it

seems to perform well [16,18,19]. However, before the

PaP should be recommended for widespread clinical use,
it ought to also demonstrate at least similar, if not su-

perior, accuracy to current usual practice. In the context

of advanced cancer, the default method of prognosti-

cation is to use clinicians’ predictions of survival (CPS).

Although CPS has been reported to be inaccurate and

over-optimistic [20,21], it correlates reasonably well with

actual survival [21], and as a minimum, any new method

of prognostication should perform at least as well as this
benchmark.

To evaluate the relative performance of PaP against

usual practice in prognostication, we undertook a
systematic review of the literature for studies which

compared the accuracy of PaP against the accuracy of

CPS.

2. Methods

This review was prospectively registered via PROS-

PERO (CRD42021241074, 5th March 2021).

2.1. Data sources and searches

Search terms for ‘advanced cancer’, ‘PaP score’, ‘clinical
prediction of survival’ and ‘prognostic studies’ were

developed based on previous literature and guidance in

prognostic research [14,20,22e24] (see Table 1 for

search terms used on the OVID platform). The

following databases were searched from inception up

until 8th June 2021: MEDLINE, Embase, AMED,

CINAHL Plus and the Cochrane Database of System-

atic Reviews and Trials. Grey Literature Report (www.
greylit.org) and OpenGrey (www.opengrey.eu) were also

searched to identify further potentially eligible studies.

Forward (via Web of Science) and backward citation

searches were completed for all included studies, as

well as the two previous systematic reviews of

prognostic tools [14,24]. If a relevant abstract was

identified, authors were contacted to check whether a

full-text article was available.

2.2. Study selection

2.2.1. Inclusion criteria

Studies were included if all the following criteria were

satisfied:

� Study included original data.

� At least 50% of the patient population had advanced can-

cer, or patients with cancer were described as ‘not

curative’, ‘palliative’, having a ‘terminal illness’ or other

synonyms.

� Patients over 18 years old.

� Data were reported on the CPS and PaP score.
2.2.2. Exclusion criteria

Studies in abstract form were excluded. Retrospective

studies (such as case note reviews), studies that were not

in English and studies providing no quantitative data

were excluded.
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Table 1
Study and clinician characteristics.

Study characteristics Clinician prediction of survival

First author/year Country N Setting N Types of clinicians

Ermacora 2019 [33] Italy 334 Hospital

Hospice

2 Oncologists (1 senior physician, 1 trainee)

Nurse1

Glare 2004 [37] Australia 100 Hospital 7 Oncologists

Hui 2016 [31] USA 216 Hospital 18a PC physicians

Hui 2020 [32] USA 204 Hospital nr PC physicians

Mendis 2015 [38] Australia 644 Hospital 1b PC team

Maltoni 2012 [29] Italy 549 Hospice nr Physicians

Numico 2011 [34] Italy 208c Hospital nr Physicians

Stiel 2010 [30] Germany 83d Hospital nr Physician

Stone 2021 [36] UK 1833 Community

Hospital

Hospice

431e Doctors

777 Nurses

Tavares 2018 [35] Portugal 38 Hospital nr Junior doctors

PC physicians

Yoon 2020 [39] South Korea 1534 Hospital

PC unit

Home

64 Internists

25 Surgeons

20 Anaesthesiologists

58 PC physicians

23 Other

nr, not reported; PC, palliative care.
a The article by Hui et al., 2016, did not report the number of physicians who provided estimates, but the article by Farinholt et al., 2017,

describing the same study data, reported that 18 physicians were involved in patient evaluation.
b One MDT was involved in this study, consisting of palliative care specialist doctors, palliative care nurses, a social worker, a pharmacist and a

pastoral care worker. Most input is provided by medical and nursing team members.
c 208 admissions for 166 patients.
d Out of the total sample size of 83, 79 patients had advanced cancer.
e The study by Stone et al., 2021, did not uniquely identify health professionals providing a CPS, and so the precise number of individuals

providing a CPS was estimated.
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2.3. Selection

After the removal of duplicates, records that were

clearly ineligible based on information included in titles

or abstracts were excluded. Full-text articles of

remaining records were then screened against full eligi-

bility criteria. At both screening stages, screening was
conducted independently by two reviewers (N.W., L.O.

or H.L.). Another reviewer was consulted for any

arising ambiguities (P.S.).

2.4. Quality assessment

The ‘Quality In Prognosis Studies’ tool was used to

assess the risk of bias [25], as recommended by the
Cochrane Prognostic Methods Group. The domain of

‘prognostic factor measurement’ was scored both for the

PaP score and CPS. Two reviewers (N.W. and L.O.)

scored all studies independently, and disagreements

were resolved by discussion. A third reviewer (P.S.)

adjudicated as necessary. No studies were excluded

based on these assessments, and the results are reported

for transparency.

2.5. Extraction

The following data were extracted from each article:
� A description of study population (patients and clinicians).

� Performance of PaP and CPS including methods of

analysis.
2.6. Data synthesis and analysis

Descriptive summary statistics were extracted from

included studies. A narrative synthesis was undertaken

to compare PaP with CPS. If published data were not

sufficient for synthesis, authors were contacted for

further information. Depending on the outcomes re-
ported in included studies, data were summarised in one

of the following ways:
2.6.1. Performance in predicting 30-day survival

probabilities

In the first instance, a synthesis of evidence directly

comparing the performance of PaP and CPS at pre-

dicting 30-day survival probability was attempted. Data

were synthesised relating to the accuracy of PaP at

categorising patients into three risk groups in accor-

dance with 30-day survival probabilities and to compare
this with the accuracy of clinicians at undertaking the

same task using clinical judgement alone. Accuracy was

judged by the proportion of patients in each risk group

who survived for 30 days. Thus, if the proportion of
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Fig. 1. PRISMA flowchart.
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patients surviving for 30 days in each of the three PaP

risk groups was found to be in the correct range (group

A: >70%, group B: 30e70% and group C: <30%), then

PaP was judged to be accurate. The same metric was

applied to clinicians’ predictions about each risk group,

and the two methods of categorising patients into three

risk groups were directly compared.

2.6.2. Discriminatory performance

For studies that did not report a direct comparison of

the accuracy of PaP and CPS at predicting 30-day sur-

vival in accordance with pre-established risk categories,

we extracted and compared data on other performance
measures as reported in the individual studies. Perfor-

mance was usually measured in terms of discriminatory

or diagnostic ability.

Discrimination in prognostic studies is usually re-

ported in terms of area under the receiver operating

characteristic curve (AUROC) or C-index. The

AUROC is a measure of the ability of a tool to

discriminate when there is a binary outcome (i.e. alive/
dead at 30 days) [26]. The C-index is the probability that

a randomly selected patient who dies is given a greater

probability prediction of death than a randomly selected

patient who does not die within the timeframe specified

[27]. An AUROC or C-index of 0.5 means that the
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prediction is no better than chance, whereas a value of

1.0 indicates perfect discrimination. Values between 0.7

and 0.8 are considered ‘acceptable’; values between 0.8

and 0.9 are considered ‘excellent’, and values over 0.9

are considered ‘outstanding’ [28]. Sometimes discrimi-

nation of prognostic tools is depicted graphically using

Kaplan-Meier Survival curves with accompanying log-

rank test statistics.
The performance of diagnostic (and by extension

prognostic) tools can be evaluated in terms of sensi-

tivity, specificity, positive predictive value (PPV) and

negative predictive value (NPV). However, these con-

cepts should usually only be applied to dichotomous

outcomes (correct or incorrect predictions) rather than

to the three risk groups generated by PaP.

3. Results

The initial search identified 174 studies. After de-

duplication, 122 were screened by the title and ab-

stract. Twenty-three articles were screened at full text, of

which 10 were included in this review. An additional

article was identified through citation searches, making

a final included total of 11 studies. See Fig. 1 for the
PRISMA flowchart. In addition, two authors provided

research data sets [29,30]. The reporting of outcome

measurements and study confounders were the most

common domains to achieve a high risk of bias, with 10

of 11 studies scoring at least moderate risk of bias (See

Supplementary Material 1).

Table 1 provides a summary of the eleven included

studies. Two studies were fromNorth America [31,32], six
were from Europe [29,30,33e36], two were from Oceania

[37,38] and one fromAsia [39]. Seven studies were hospital

based, one study was hospice based and three studies had

multiple settings. In seven studies, CPS was only provided
Table 2
Discriminatory performance of PaP total scores and CPS.

First author PaP

C-index (95% CI) AUROC (30 days) (95%

Ermacora [33] nr 0.82 (0.77, 0.86)

Hui [31] 0.64 (0.54, 0.74) 0.73 (0.64, 0.82)

Hui [32] 0.70 (0.66, 0.74) 0.82 (0.73, 0.91)

Maltoni [29] 0.72 (0.70, 0.73) nr

Yoon [39]

PCT 0.80 (0.77, 0.82) 0.90 (0.87, 0.92)

PCU 0.75 (0.72, 0.78) 0.84 (0.80, 0.87)

HPC 0.73 (0.68, 0.78) 0.82 (0.76, 0.87)

PaP, palliative prognostic score; CPS, clinicians’ predictions of survival; C

consultation team; PCU, palliative care unit; HPC, home palliative care;

concordance index.
by physicians [29e32,34,35,37], and in four studies, a

multi-professional CPS was provided [33,36,38,39].

3.1. Performance of the PaP score

3.1.1. Direct comparisons of 30-day survival probabilities
3.1.1.1. PaP. Six articles [29,30,34,36e38] provided data
about performance of PaP in the form in which it was

originally presented and intended to be used. Mendis

et al. [38] reported performance of PaP among

inpatients and outpatients separately, resulting in 7

patient groups; however, they did not report survival

data for the outpatient group because of small

numbers. Across the remaining six patient groups

[29,30,34,36e38], the proportion of patients surviving
for 30 days among the three PaP risk groups was

found to fall in the expected range (group A: >70%,

group B: 30e70% and group C: <30%). Stiel et al. [30]

reported that the proportion of patients who survived

for 30 days in group A was lower than predicted (54%

actual survival versus >70% predicted survival).

3.1.1.2. CPS. Only one study asked clinicians to un-
dertake the same prognostic task (i.e. to estimate the 30-

day survival probabilities of included participants) [36].

In this study, clinicians estimated 30-day survival

probabilities, and patients’ PaP risk categories were

also calculated. The observed proportion of patients

surviving for 30 days or more for each risk group was

as follows: group A: 86.5% (687/794), group B: 46.8%

(306/655) and group C: 15.4% (22/143). For
comparison, patients were also divided into three

groups in accordance with their probability of 30-day

survival using CPS. The observed proportion of

patients surviving for 30 days or more for each CPS

risk group was as follows: group A: 85.3% (674/790),
CPS

CI) C-index (95% CI) AUROC (30 days) (95% CI)

nr Nurse

0.78 (0.72e0.82)

Doctor 1

0.77 (0.72e0.81)

Doctor 2

0.76 (0.71e0.81)

0.58 (0.47, 0.68) 0.58 (0.47, 0.68)

0.75 (0.71, 0.79) 0.85 (0.78, 0.92)

nr nr

0.78 (0.77, 0.82) 0.88 (0.86, 0.91)

0.71 (0.69, 0.74) 0.81 (0.77, 0.84)

0.73 (0.68, 0.77) 0.82 (0.76, 0.88)

I confidence interval; nr, not reported; PCT, inpatient palliative care

AUROC, area under receiver operating characteristic curve; C-index,
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group B: 49.3% (292/593) and group C: 23.4% (49/209).

Thus, this study showed that PaP risk categories were as

good as (but no better than) CPS at discriminating

which patients will or will not survive for 30 days.

3.1.2. Other comparisons of performance
3.1.2.1. PaP. Six studies [29,30,32,34,37,38] evaluated

whether the three PaP categories were able to

discriminate between patients with different survival

risks using Kaplan-Meier survival curves and log-rank

tests for trend [29,34,37,38] or chi-square tests for

distribution of survival (ManteleCox) [30]. One study
[32] generated Kaplan-Meier survival curves but did not

report any tests for trend. In all patient samples, PaP

categories showed statistically significant discrimination

in terms of survival. Five studies used the AUROC or

C-index as a measure of discrimination and reported

that values ranged from 0.64 (95% confidence interval

[CI] 0.54, 0.74) up to 0.90 (95% CI 0.87, 0.92), see

Table 2.

3.1.2.2. CPS. None of these studies plotted equivalent

survival curves for patients as per clinician predictions of

30-day survival probability. However, two studies

plotted Kaplan-Meier survival curves as per clinician

predictions about length of survival. Mendis et al. [38]

plotted six survival curves (clinician prediction of

survival in weeks: 1e2, 3e4, 5e6, 7e10, 10e12 and
>12) for inpatient and outpatient samples separately.

In both samples, the clinician predictions generated

survival curves which showed good discrimination, and

the log-rank tests were statistically significant for trend

(p < 0.001). Hui et al. [39] plotted survival curves in

accordance with whether clinician-predicted survival

would be days (0e14 days), weeks (15e42 days) or

months (�43 days) but did not report log-rank tests.
Four studies reported the AUROC and/or C-indices

for CPS and reported that values ranged from 0.58 (95%

CI 0.47 to 0.68) up to 0.88 (95% CI 0.86 to 0.91).

3.1.3. Comparison of PaP and CPS

Yoon et al. [39] compared C-indices and the AUROC

for an inpatient palliative care team, palliative care

unit and home palliative care with CPS. They reported

no statistically significant difference between them. Hui
et al. [31] reported that the AUROC and C-index for

PaP were significantly (p < 0.001) higher than equivalent

figures for CPS (transformed into a score ranging be-

tween 0 and 8.5 rather than being treated as a contin-

uous variable). In contrast, a 2020 study by the same

author reported that the C-index and AUROC were

higher for CPS than those for PaP (although differences

were not statistically significant). Ermacora et al. [33]
calculated separate AUROC values for three different

clinicians and for PaP and reported that the AUROC

was slightly higher for PaP (0.82 vs. 0.76e0.78), but

differences were not statistically significant.
3.1.4. Diagnostic performance

Maltoni et al. [29] reported the sensitivity, specificity,

PPV and NPV of PaP at predicting 30-day survival. To

calculate these performance measures with a dichoto-

mous outcome, the authors calculated the best cut-off for

PaP at discriminating whether patients would be dead/

alive at 30 days. The optimum cut-off in their patient

sample was a score of 5 (this does not correspond to the
pre-established cut-offs for generating the three PaP risk

categories). Using this cut-off, the authors reported that

PaP had a sensitivity of 91.5% (95% CI 88.5e94.5),

specificity of 57.7% (95% CI 51.2e64.3), PPV of 76.4%

(95% CI 71.4e81.4), NPV of 81.9% (95% CI

75.9e88.0) and accuracy of 88.0% (95% CI 84.9e91.1).

For comparison, they reported that the accuracy of CPS

was 75.6% (no confidence intervals provided). No sta-
tistical test was reported for comparison with CPS.

Stiel et al. [30] also calculated the PPV and NPV for

PaP. For their calculation, they used the originally

presented cut-off scores for distinguishing PaP groups

A, B and C. However, because the PPV and NPV can

only be calculated for dichotomous variables, they

merged groups B and C when comparing against group

A and they merged groups A and B when comparing
against group C. Moreover, they assumed that a patient

in group A (>70% probability of surviving for 30 days)

was definitively predicted to survive for 30 days and a

patient in group C (<30% probability of surviving for 30

days) was definitively predicted to die within this time-

frame. Using these definitions, they reported that group

A predictions had a sensitivity of 78% and a specificity

of 65%. Group C predictions had a sensitivity of 67%
and a specificity of 100%. No directly equivalent anal-

ysis was undertaken for CPS.
4. Discussion

After a systematic search of the literature, we identified

eleven studies that purported to compare the accuracy

of PaP against accuracy of CPS. Only one of the iden-

tified studies made a direct comparison between PaP, in

the format in which it was originally presented for use,

and clinician predictions about probability of surviving

for 30 days. This study found that performance of PaP
was as good as, but not superior to, clinical prediction

alone.

Most commonly, the overall performance of PaP was

summarised using the AUROC or C-index. These

summary statistics represent the ability of a score to

discriminate between patients with different survival

prospects. Prognostic scores which have poor discrimi-

nation are of no clinical use, whereas higher scores on
these indexes are generally a sign that one prognostic

tool is better than another. However, neither the

AUROC nor C-index values are easy to interpret in the

case of a prognostic tool such as PaP. The AUROC and
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C-index represent the probability that PaP scores of two

randomly selected patients (with different outcomes)

would attribute the greater risk to the patient with the

higher score. Thus, both the AUROC and C-index are

calculated on the assumption that a patient with a total

PaP score of 5 is predicted to have a greater risk of death

than a patient with a PaP score of 2. However, as

originally constructed (and as recommended for use),
PaP predicts that both patients will have the same

probability of surviving for 30 days. Because both pa-

tients would be categorised as being in risk group A,

their probability of 30-day survival would both be

>70%. Therefore, the assumptions underlying the

calculation of the AUROC and C-index do not hold.

The AUROC and C-index calculation assumes that the

PaP score is a continuous variable with higher scores
representing worse prognosis, whereas in fact the only

meaning that can be attributed to a total PaP score is

dependent on the risk group into which it places the

patient. A few studies also calculated AUROC/C-indices

for CPS. However, no studies based these calculations

on clinician predictions of probability of surviving for

30 days, but rather they used clinician predictions of

length of survival. Thus, we found that studies that
purported to compare the discrimination of PaP with

the discrimination of CPS were comparing the discrim-

ination of the total PaP score (using an unvalidated

scoring method) against the discrimination of clinicians

undertaking a different prognostic task.

Sensitivity, specificity, PPV and NPV are useful

summary statistics for evaluating the performance of

diagnostic or prognostic tools. However, for these sta-
tistics to be calculated, a predictive tool needs to pro-

duce a definitive dichotomous outcome (either the test is

positive or negative; either the patient is predicted to live

or die). In the case of PaP, the prediction is neither

definitive nor dichotomous. It is not definitive because a

patient in PaP risk category A (>70% probability of 30-

day survival) is not definitively predicted to survive for

30 days. The status of the survival prediction for pa-
tients in risk category B (30e70% probability of 30-day

survival) is indeterminatedthe prediction is equally

compatible with either outcome (dead or alive at 30

days). Furthermore, PaP outcomes are not dichotomous

because there are three PaP risk categories. Therefore,

sensitivity, specificity, PPV and NPV can only be

calculated by comparing one risk category against the

other two combined.
Despite the limitations of previous studies with

regard to comparing PaP against CPS, there is still

ample evidence that PaP is a reliable and (within its own

terms) accurate prognostic tool. The use of PaP has been

reported in numerous studies spanning palliative care

[40], oncology [18] and non-malignant disease [41].

Multiple studies [16,18,19] have demonstrated that PaP

risk categories can discriminate between patients with
different survival prospects, and the observed proba-

bilities of survival at 30 days in each of the risk cate-

gories broadly correspond to the predicted risks (<30%,

30e70% and >70%). In this sense, it is fair to say that

PaP is the most validated prognostic score in palliative

care patients.

Even if PaP is only as good as (but not better than)

CPS, it might have other features to recommend it for
routine clinical use. For instance, PaP scores are more

likely to be objective than unalloyed CPS and so there is

likely to be less interobserver disagreement about which

risk category patients belong to. PaP scores may also be

more suitable for use by less experienced clinicians or

may have a role acting as a second opinion. Despite

these potential additional benefits, there are also fea-

tures of PaP which suggest that it may be less useful
than clinician predictions of survival. The range of the

PaP risk categories is quite broad and may not be spe-

cific enough to inform clinical judgement. For example,

there are presumably cases when clinicians’ intuition is

that patients have next to no chance of surviving for 30

days, and they can thus be quite confident in their

decision-making. Compare this with being informed

that a patient is in risk group C, with a <30% chance of
surviving for 30 days. Is this level of certainty enough to

base clinical decisions on? The situation is even more

acute when one considers the clinical interpretation of

being told that someone is in risk category B (30e70%

probability of surviving for 30 days). What does such a

prognosis mean and how should such information be

communicated to patients?

Future research needs to focus on establishing the
role of PaP in clinical practice. This will require so-

called impact studies [42] in which routine use of PaP

(and/or other prognostic tools) is compared against

‘usual practice’ (clinical predictions of survival). To

establish its place in clinical practice, PaP will ultimately

need to be able to demonstrate improvements in

measurable, relevant clinical outcomes.
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