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Abstract

Prognostic models of survival in patients with advanced
incurable cancer: the PiPS2 observational study

Patrick Stone ,1* Anastasia Kalpakidou ,1 Chris Todd ,2

Jane Griffiths ,2 Vaughan Keeley ,3 Karen Spencer ,2 Peter Buckle ,1

Dori-Anne Finlay ,1 Victoria Vickerstaff 1 and Rumana Z Omar 4

1Marie Curie Palliative Care Research Department, Division of Psychiatry, University College London,
London, UK

2School of Health Sciences, Faculty of Biology, Medicine and Health, University of Manchester,
Manchester, UK

3Palliative Medicine Department, Derby Teaching Hospitals NHS Foundation Trust, Derby, UK
4Department of Statistical Science, University College London, London, UK

*Corresponding author p.stone@ucl.ac.uk

Background: The Prognosis in Palliative care Study (PiPS) prognostic survival models predict survival
in patients with incurable cancer. PiPS-A (Prognosis in Palliative care Study – All), which involved
clinical observations only, and PiPS-B (Prognosis in Palliative care Study – Blood), which additionally
required blood test results, consist of 14- and 56-day models that combine to create survival risk
categories: ‘days’, ‘weeks’ and ‘months+’.

Objectives: The primary objectives were to compare PIPS-B risk categories against agreed multiprofessional
estimates of survival and to validate PiPS-A and PiPS-B. The secondary objectives were to validate other
prognostic models, to assess the acceptability of the models to patients, carers and health-care professionals
and to identify barriers to and facilitators of clinical use.

Design: This was a national, multicentre, prospective, observational, cohort study with a nested
qualitative substudy using interviews with patients, carers and health-care professionals.

Setting: Community, hospital and hospice palliative care services across England and Wales.

Participants: For the validation study, the participants were adults with incurable cancer, with or without
capacity to consent, who had been recently referred to palliative care services and had sufficient English
language. For the qualitative substudy, a subset of participants in the validation study took part, along
with informal carers, patients who declined to participate in the main study and health-care professionals.

Main outcome measures: For the validation study, the primary outcomes were survival, clinical
prediction of survival and PiPS-B risk category predictions. The secondary outcomes were predictions
of PiPS-A and other prognostic models. For the qualitative substudy, the main outcomes were
participants’ views about prognostication and the use of prognostic models.

Results: For the validation study, 1833 participants were recruited. PiPS-B risk categories were as
accurate as agreed multiprofessional estimates of survival (61%; p = 0.851). Discrimination of the
PiPS-B 14-day model (c-statistic 0.837, 95% confidence interval 0.810 to 0.863) and the PiPS-B 56-day
model (c-statistic 0.810, 95% confidence interval 0.788 to 0.832) was excellent. The PiPS-B 14-day
model showed some overfitting (calibration in the large –0.202, 95% confidence interval –0.364 to
–0.039; calibration slope 0.840, 95% confidence interval 0.730 to 0.950). The PiPS-B 56-day model

DOI: 10.3310/hta25280 Health Technology Assessment 2021 Vol. 25 No. 28

© Queen’s Printer and Controller of HMSO 2021. This work was produced by Stone et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in
professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial
reproduction should be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House,
University of Southampton Science Park, Southampton SO16 7NS, UK.

v

https://orcid.org/0000-0002-5765-9047
https://orcid.org/0000-0001-9453-9717
https://orcid.org/0000-0001-6645-4505
https://orcid.org/0000-0002-6674-6361
https://orcid.org/0000-0002-3004-2821
https://orcid.org/0000-0003-2038-2600
https://orcid.org/0000-0002-3985-2441
https://orcid.org/0000-0001-7979-8251
https://orcid.org/0000-0002-3119-670X
https://orcid.org/0000-0003-1483-1932


was well-calibrated (calibration in the large 0.152, 95% confidence interval 0.030 to 0.273; calibration
slope 0.914, 95% confidence interval 0.808 to 1.02). PiPS-A risk categories were less accurate than
agreed multiprofessional estimates of survival (p < 0.001). The PiPS-A 14-day model (c-statistic 0.825,
95% confidence interval 0.803 to 0.848; calibration in the large –0.037, 95% confidence interval
–0.168 to 0.095; calibration slope 0.981, 95% confidence interval 0.872 to 1.09) and the PiPS-A 56-day
model (c-statistic 0.776, 95% confidence interval 0.755 to 0.797; calibration in the large 0.109, 95%
confidence interval 0.002 to 0.215; calibration slope 0.946, 95% confidence interval 0.842 to 1.05)
had excellent or reasonably good discrimination and calibration. Other prognostic models were also
validated. Where comparisons were possible, the other prognostic models performed less well than
PiPS-B. For the qualitative substudy, 32 health-care professionals, 29 patients and 20 carers were
interviewed. The majority of patients and carers expressed a desire for prognostic information and said
that PiPS could be helpful. Health-care professionals said that PiPS was user friendly and may be helpful
for decision-making and care-planning. The need for a blood test for PiPS-B was considered a limitation.

Limitations: The results may not be generalisable to other populations.

Conclusions: PiPS-B risk categories are as accurate as agreed multiprofessional estimates of survival.
PiPS-A categories are less accurate. Patients, carers and health-care professionals regard PiPS as
potentially helpful in clinical practice.

Future work: A study to evaluate the impact of introducing PiPS into routine clinical practice is needed.

Trial registration: Current Controlled Trials ISRCTN13688211.

Funding: This project was funded by the National Institute for Health Research (NIHR) Health
Technology Assessment programme and will be published in full in Health Technology Assessment;
Vol. 25, No. 28. See the NIHR Journals Library website for further project information.
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Plain English summary

A prognosis is a prediction about how long someone will live after a diagnosis of illness. The Prognosis
in Palliative care Study (PiPS) tools [PiPS-A (Prognosis in Palliative care Study – All) and PiPS-B

(Prognosis in Palliative care Study – Blood), respectively] were designed to predict survival in patients
with incurable cancer. Previously, they were found to be as accurate as health-care professionals. The
purpose of this study was to find out whether PiPS was more accurate at prognosticating than health-
care professionals, to evaluate other prognostic tools and to ask patients, their carers and health-care
professionals what they thought about using them.

We studied 1833 patients with advanced cancer and calculated their PiPS score and other prognostic
scores. We asked health-care professionals to estimate how long the patients would live. We then
followed up the patients to find out how long they actually lived and if the predictions made by
health-care professionals were as accurate as the predictions made by the prognostic tools. We
interviewed patients, their carers and health-care professionals to ask them what they thought
about using these prognostic tools.

We found that PiPS-B was as accurate as the combined wisdom of a doctor and a nurse at predicting
whether patients would live for ‘days’, ‘weeks’ or ‘months+’. We found that PiPS-A predictions were not
as accurate as predictions made by health-care professionals. We found that (where direct comparisons
could be made) PiPS-B was better than other prognostic tools. Finally, we found that patients, carers
and health-care professionals thought that PiPS tools could be helpful in clinical practice because they
would be less subjective than clinicians’ intuition.

This means that PiPS-B could be considered as a tool to support clinician predictions of survival and may
lead to patients and families being able to take more control at the end of their lives. Further research
will be required to investigate whether or not this approach actually leads to improvements in care.
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Scientific summary

Background

The Prognosis in Palliative care Study (PiPS) prognostic models were developed by members of our
research team for patients with incurable cancer under specialist palliative care services. Separate
prognostic models were created for patients without or with available blood results [called PiPS-A
(Prognosis in Palliative care Study – All) and PiPS-B (Prognosis in Palliative care Study – Blood)].
Each version of PiPS consists of two prognostic models, one to predict 2-week (14-day) survival and
one to predict 2-month (56-day) survival plus a ‘decision rule’ for determining how the model outputs
should be interpreted. If the probability of surviving for ‘days’ (14 days) is > 50% and the probability
of surviving for ‘months+’ (> 2 months) is < 50% then the patient is predicted to survive for ‘weeks’
(2 weeks to 2 months).

The primary purpose of this study was to validate PiPS-A and PiPS-B and to compare PiPS-B against
clinicians’ predictions of survival. The secondary purpose was to validate four other prognostic tools:
the Palliative Prognostic Index, Palliative Performance Scale, Feliu Prognostic Nomogram and Palliative
Prognostic score.

The Palliative Performance Scale is a measure of functional status that can be used to discriminate
between groups with different survival prospects. The Palliative Prognostic Index predicts whether
patients will live less than 3 or 6 weeks or more than 6 weeks. It is calculated using five clinical
variables, one of which is the Palliative Performance Scale (the others are oral intake and presence
or absence of dyspnoea, oedema and delirium). The Palliative Prognostic score stratifies patients into
three risk groups depending on their probability of surviving 30 days (< 30%, 30–70% and > 70%
probability). Palliative Prognostic score is calculated using six variables (clinician prediction of survival,
Karnofsky performance status, presence of anorexia, dyspnoea, total white blood count and lymphocyte
percentage). The Feliu Prognostic Nomogram uses five variables (Eastern Co-operative Oncology Group
performance status, serum albumin concentration, lactate dehydrogenase concentration, lymphocyte counts
and time from initial diagnosis to diagnosis of terminal disease) to predict survival at 15, 30 and 60 days.

It is also important to consider whether or not (and how) prognostic instruments will be incorporated
into clinical practice. Current instruments are not widely used and it is therefore important to understand
the potential barriers and facilitators in clinical practice.

Objectives

The overall aim of this research was the validation of models of survival in patients with advanced cancer.

The primary objective was to validate PiPS-A and PiPS-B and to compare PiPS-B with agreed
multiprofessional estimates of survival.

1. The secondary objectives were to:

¢ validate the Palliative Prognostic score, Feliu Prognostic Nomogram, Palliative Prognostic Index
and Palliative Performance Scale

¢ determine the acceptability of all prognostic models (including PiPS) to patients, carers and
clinicians and to identify potential barriers to clinical use.
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Methods

This was a national, multicentre, prospective, observational, cohort validation study of a prognostic tool
with a nested qualitative substudy using face-to-face interviews with patients, carers and health-care
professionals. The methods of the validation study and the embedded qualitative substudy are
described separately.

Validation study
The validation study was a prospective observational cohort study of patients with advanced, incurable
cancer. Both patients with and without capacity to consent were involved to maximise the clinical utility
of the research. Patients with capacity provided written informed consent and patients without capacity
were included if their next of kin provided written informed agreement.

The burden of data collection for participants was designed to be minimal. For patients without
capacity to consent, all that was required was permission to access their notes and for the researcher
to confer with the clinical team about their medical condition (i.e. primary diagnosis and extent of
disease, performance status, presence or absence of key symptoms, general health and blood results).
For patients with capacity to consent, we asked for an additional blood test and information about the
severity and extent of their symptoms.

Clinical prediction of survival was also obtained. An attending clinician and nurse estimated survival
independently. If estimates agreed about whether patients would survive for days (< 14 days), weeks
(14–55 days) or months+ (≥ 56 days), then this was regarded as the agreed multiprofessional estimate
of survival. If the estimates were different, then staff were asked to confer and reach a consensus.

These data were used to calculate the three prognostic scores that do not incorporate blood results
(PiPS-A, Palliative Prognostic Index and Palliative Performance Scale) and the three prognostic scores
that do require blood results (PiPS-B, Palliative Prognostic score and Feliu Prognostic Nomogram).
At the end of data collection, dates of death for study participants were obtained from NHS Digital.

Nested qualitative substudy
Semistructured, face-to-face interviews were conducted with a purposive sample of patients, carers
and clinicians. The patient and carer sample comprised patients and carers of patients with or without
capacity who had agreed or who had declined to participate in the quantitative study. The final sample
size was determined by data saturation.

Interviews used topic guides (see Appendices 1 and 2) developed in collaboration with service user
representatives. Topic guides were based on reviews of the literature and the results of previous
consultations with service users. Patients and carers were asked about perceived advantages and
disadvantages of receiving prognostic information and how it should be presented to them. The clinician
sample comprised health-care professionals who routinely make prognostic predictions: palliative care
specialists, oncologists, nurses and general practitioners. Interviews were interactive and explored the
acceptability of PiPS and other models. Clinicians were shown the prognostic models, experimented with
them during the interview and commented on their perceived clinical usefulness (e.g. ease of completion
and interpretability of outputs). They were asked about potential barriers to and facilitators of using the
models and to discussing prognostic information with patients and carers.

Interviews were audio-recorded and fully transcribed. Interview data were entered into NVivo 10
(QSR International, Warrington, UK) and analysed using the five stages of framework analysis.

Results

The results of the validation study and the nested qualitative evaluation are presented separately.
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Validation study
Between 1 August 2016 and 30 April 2018, 1833 patients (with capacity to consent, n = 1610; without
capacity to consent, n = 223) were recruited at 27 sites in England and Wales. The mean age of patients
was 70.2 years (standard deviation 11.9 years) and 938 (51.2%) were male. Patients came from
inpatient palliative care units (1241; 67.7%), day hospices (169; 9.2%), community services (153; 8.4%),
outpatients (146; 8.0%) and hospital palliative care teams (124; 6.8%).

PiPS-B
Discrimination of the PiPS-B 14-day model (PiPS-B14) and PiPS-B 56-day model (PiPS-B56) was
evaluated using the c-statistic (PiPS-B14 0.837, 95% confidence interval 0.810 to 0.863; PiPSB-56
0.810, 95% confidence interval 0.788 to 0.832). Calibration was assessed using the calibration slope
based on a logistic regression model fitted to the validation data using the predicted log-odds as
the only predictor (PiPS-B14 0.781, 95% confidence interval 0.676 to 0.886; PiPS-B56 0.914, 95%
confidence interval 0.808 to 1.02). The c-statistic for the PiPS-B decision rule to discriminate between
participants who died within days (< 14 days) and those who survived ≥ 14 days was 0.631 (95%
confidence interval 0.602 to 0.659). The c-statistic for the PiPS-B decision rule to discriminate between
those who died within 56 days and those who survived ≥ 56 days was 0.735 (95% confidence interval
0.713 to 0.757). When PiPS-B14 and PiPS-B56 were combined using the decision rule, there was no
significant difference (p = 0.851) in the accuracy of PiPS-B predictions (910/1484; 61.3%) and the
agreed multiprofessional estimate of survival (914/1484; 61.6%) when compared with observed
survival time of the patients.

PiPS-A
Discrimination of the PiPS-A 14-day model (PiPS-B14) and PiPS-A 56-day model (PiPS-B56) was
evaluated using the c-statistic (PiPS-A14 0.825, 95% confidence interval 0.803 to 0.848; PiPS-A56
0.776, 95% confidence interval 0.755 to 0.797). Calibration was assessed using the calibration slope
(PiPS-A14 0.981, 95% confidence interval 0.872 to 1.09; PiPS-A56 0.946, 95% confidence interval
0.842 to 1.05). The c-statistic for the PiPS-A decision rule to discriminate between participants who
died within days (< 14 days) and those who survived ≥ 14 days was 0.680 (95% confidence interval
0.655 to 0.705). The c-statistic for the PiPS-A decision rule to discriminate between those who died
within 56 days and those who survived ≥ 56 days was 0.687 (95% confidence interval 0.666 to 0.708).
When PiPS-A14 and PiPS-A56 were combined using the decision rule, PiPS-A was significantly less
accurate than the agreed multiprofessional estimate of survival [PiPS-A accuracy of 1012/1802 (56.2%)
vs. agreed multiprofessional estimate of survival accuracy of 1117/1802 (62.0%; p < 0.001)] when
compared with the observed survival time of the patients.

Palliative Prognostic score
The median survival for each Palliative Prognostic score risk group was 121 days (interquartile range
49–289 days), 28 days (interquartile range 14–60 days) and 7 days (interquartile range 4–19 days),
respectively. The proportion of patients surviving 30 days in each risk category was 687 out of 794
(86.5%), 306 out of 654 (46.8%) and 22 out of 143 (15.4%), respectively. Owing to the nature of the
probabilistic predictions provided by Palliative Prognostic score, it was not possible to make a direct
comparison between its performance and that of the clinicians.

Feliu Prognostic Nomogram
The Feliu Prognostic Nomogram predicts probability of survival at 15, 30 and 60 days. The
discriminatory ability of the Feliu Prognostic Nomogram was evaluated using the c-index (0.684,
95% confidence interval 0.669 to 0.700). The calibration of the Feliu Prognostic Nomogram was
assessed using the calibration slope (1.049, 95% confidence interval 0.939 to 1.158). Owing to the
nature of the probabilistic predictions provided by the Feliu Prognostic Nomogram, it was not possible
to make a direct comparison between its performance and that of the clinicians.
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Palliative Prognostic Index
The median survival for each Palliative Prognostic Index risk group was 16 days (interquartile
range 5–52 days), 38 days (interquartile range 15–106 days) and 79 days (interquartile range
32–219 days), respectively. The Palliative Prognostic Index was significantly less accurate than the
agreed multiprofessional estimate of survival [Palliative Prognostic Index accuracy of 990/1828 (54.2%)
vs. agreed multiprofessional estimate of survival accuracy of 1143/1828 (62.5%); p < 0.001] when
compared with the observed survival time in the data.

Palliative Performance Scale
The median survival of each Palliative Performance Scale risk group was as follows: Palliative Performance
Scale-10, 2 days (interquartile range 1–4 days); Palliative Performance Scale-20, 6 days (interquartile
range 3–16 days); Palliative Performance Scale-30, 20 days (interquartile range 7–42 days); Palliative
Performance Scale-40, 24 days (interquartile range 10–69 days); Palliative Performance Scale-50,
40 days (interquartile range 19–97 days); Palliative Performance Scale-60, 65 days (interquartile range
28–172 days); Palliative Performance Scale-70, 99 days (interquartile range 44–284 days); Palliative
Performance Scale-80, 186 days (interquartile range 85–477 days); and Palliative Performance Scale-90,
252 days (interquartile range 135–568 days). Palliative Performance Scale-100 was not calculated as
numbers were too low.

Nested qualitative substudy
Semistructured interviews were conducted with a purposive sample of patients (n = 29), carers (n = 20)
and clinicians (n = 32) between April 2017 and July 2018. Interview data were analysed using the five
stages of framework analysis: familiarisation, developing a thematic framework, indexing, charting,
and mapping and interpretation.

Patients and carers
The majority of patients (25/29) and carers (17/20) were recruited from two hospices based in the
Greater Manchester area. Five of the patients interviewed had declined to take part in the clinical
study and their reasons for refusal were explored during the interview. The three following themes
were identified in interview analysis.

Desire for detailed patient prognostic information
The majority of participants expressed a desire for detailed information from doctors about patient life
expectancy. Few received this information, however, and when they did it was not expressed clearly.
A number of patients who had asked about their life expectancy commented that doctors tended to
be vague, overoptimistic and unwilling to deliver news that was considered bad or uncertain.

Acceptability of PiPS predictor models
All participants considered that the PiPS models were acceptable for use in clinical practice and
(if accurate) could help clinicians more accurately predict life expectancy. They also considered that
PiPS could help doctors initiate sensitive conversations about prognostication.

Preferred presentation of sensitive information
Patients and carers agreed that the most appropriate way of receiving prognostic information was
during face-to-face discussions and that this should be verbal rather than written. Participants preferred
life expectancy to be presented in terms of days, weeks or months.

Clinicians
Clinicians included palliative care specialists, oncologists, general practitioners and nurses. Interviews
were interactive and participants were shown the PiPS models and other prognostic tools. The following
seven main themes arose from the interviews.
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Challenges and difficulties of predicting length of survival
All clinicians commented on the complex nature of estimating length of survival for patients.
Some commented on how challenging they found predicting length of survival for patients with
advanced cancer.

Language used when discussing prognosis
The majority of clinicians explained that they tended to avoid giving detailed prognostication with
specific time frames. Clinicians said that this was because they did not know the answer or they did
not want the discussion to have a negative impact on the patient or carer.

Reasons for overestimating prognosis
Clinicians said that the main reason that they preferred to convey kinder, optimistic information was
that it was perceived as less harmful. Clinicians considered that it was better not to challenge patients’
or carers’ perceptions about the disease trajectory and described not wanting to take away hope.

Acceptability of PiPS predictor models
The majority of clinicians considered PiPS to be a useful algorithm that could offer a more objective
approach to estimating a patient’s prognosis. Even if PiPS was no more accurate than clinicians’
estimates, they stated that PiPS may be a beneficial tool that could help improve their confidence in
making and discussing survival predictions.

Facilitators of PiPS use in clinical practice
All clinicians commented that the PiPS prognosticator was user friendly. Participants further commented
on how PiPS could help to inform decision-making about treatment options and/or discharge planning.
They suggested that PiPS could be helpful when commissioning care packages for patients.

Barriers to PiPS use in clinical practice
A minority of participants considered it inappropriate to use PiPS, especially if blood tests were needed
to improve the accuracy of the prediction. Other barriers related to clinicians’ preference for relying on
their own clinical judgement and clinicians’ avoidance of prognostic discussions with patients and carers.

Clinicians’ attitudes to existing prognostic models
Clinicians considered the other prognostics tools to be not very user friendly, vague, cumbersome,
difficult to use and dated.

Conclusions

Both PiPS-B14 and PiPS-B56 demonstrated excellent discrimination. PiPS-B56 was well calibrated but
PiPS-B14 showed a degree of overfitting. PiPS-B14 and PiPS-B56, combined using the decision rule,
perform as well as an agreed multiprofessional estimate of survival. PiPS-B has greater discriminatory
ability than the Palliative Prognostic Index or the Feliu Prognostic Nomogram and is more accurate
than the Palliative Prognostic Index when compared with clinicians. PiPS-A14 and PiPS-A56, combined
using the decision rule, perform significantly worse than an agreed multiprofessional estimate of survival.

It is clear that PiPS is regarded by patients, carers and health-care professionals as an acceptable way
to determine prognosis. Even if no more accurate than clinicians’ estimates, health-care professionals
stated that PiPS could help improve their confidence in making survival predictions.

Future research might improve the accuracy of PiPS by recalibrating PiPS-B14 and adjusting the
thresholds for the decision rules for determining outcomes and by considering the inclusion of
additional variables. An impact study will be required to evaluate whether or not use of PiPS can
improve clinical outcomes.
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This trial is registered as ISRCTN13688211.
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Chapter 1 Introduction

Background

Patients approaching the end of their lives, as well as their relatives and clinicians, value accurate
prognostic information.1–5 This information is usually obtained by clinicians using their clinical intuition.
However, clinician prediction of survival (CPS) is often inaccurate and overoptimistic.6 The need for
more accurate methods of prognostication was one of the issues highlighted by the Neuberger report7

into the shortcomings of the implementation of the Liverpool Care Pathway.8

Systematic identification of patients approaching the ‘end of life’ is a key recommendation of the
Department of Health and Social Care’s end-of-life care strategy.9 The Gold Standards Framework
(GSF) service improvement programmes (widely used in general practice, nursing homes and, increasingly,
acute hospitals) have produced proactive identification guidance to identify patients approaching the last
year of life.10 However, many patients who would potentially benefit from inclusion in such programmes
are currently unidentified by clinicians. More reliable prognostic estimates may facilitate the identification
of such patients and may improve the prioritisation of patients who are referred to palliative care
services. Improved prognostication would benefit patients and their carers by providing them with
better-quality information to inform their choices about future care.3 Improved prognostication would
also help clinicians to plan services and to ensure that patients are cared for in the most appropriate
environment and with the most appropriate treatments. Prognostic scores could also facilitate comparison
of services by more accurately describing the case mix of referrals.

The Prognosis in Palliative care Study (PiPS) predictive models of survival were previously developed
by members of our research team to provide an objective aid to clinicians’ intuition.11 The original study
prospectively recruited a cohort of 1018 patients with advanced cancer who were no longer undergoing
disease-modifying treatment. This was a multicentre study involving 18 specialist palliative care services
across England. Separate prognostic models were created for patients without or with available blood
results [PiPS-A (Prognosis in Palliative care Study – All) and PiPS-B (Prognosis in Palliative care Study –

Blood), respectively]. Logistic regression identified 11 core variables [i.e. pulse rate, general health status,
mental test score, performance status, presence of anorexia, presence of any site of metastatic disease,
presence of liver metastases, serum C-reactive protein (CRP) concentration, white blood cell count,
platelet count and serum urea concentration] that were independently predictive of both 2-week and
2-month survival. Four variables had prognostic significance for 2-week survival only (i.e. dyspnoea,
dysphagia, bone metastases and alanine transaminase concentration) and eight variables had prognostic
significance for 2-month survival only (i.e. primary breast cancer, male genital cancer, tiredness, weight loss,
lymphocyte count, neutrophil count, alkaline phosphatase concentration and albumin concentration).
The receiver operating characteristic (ROC) area under the curve (AUC) for all models varied between
0.79 and 0.86.

Each PiPS model consists of two prognostic submodels [PiPS-A 14-day model (PiPS-A14) and PiPS-A
56-day model (PiPS-A56); PiPS-B 14-day model (PiPS-B14) and PiPS-B 56-day model (PiPS-B56)] that
are combined using a ‘decision rule’. PiPS-A14 and PiPS-B14 predict whether a patient will die within
days (< 14 days) or will live for ≥ 14 days. PiPS-A56 and PiPS-B56 predict whether a patient will live
for ‘months+’ (≥ 56 days) or will die ≤ 55 days. The output of the two submodels are combined using
the PiPS decision rule, which determines that, if the 14-day model predicts that the probability of
survival is < 50%, then the patient is predicted to die within days (0–13 days); if the 56-day model
predicts that the probability of survival is > 50%, then the patient is predicted to live for months+
(56 days or more); and, if the probability of 14-day survival is > 50% and the probability of 56-day
survival is < 50%, then the patient is predicted to survive for weeks (14–55 days).
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Thus, PiPS scores are able to predict whether a patient is likely to live for days (< 14 days), weeks
(2–7 weeks) or months+ (≥ 2 months). These survival categories were chosen as they were deemed
to have the greatest face validity among clinicians. Both PiPS-A and PiPS-B were shown to perform
as well as CPS. The PiPS-B prognostic estimate was found to be significantly better than clinicians’ or
nurses’ prognostic estimates but no better than a multidisciplinary agreed prognosis.

Following the publication of the PiPS prognostic tools, the National Institute for Health Research (NIHR)
Health Technology Assessment (HTA) programme issued a commissioned call for studies to undertake
‘the validation of models of survival to improve prognostication in advanced cancer care to include the
Prognosis in Palliative care Study (PiPS) predictor models’.

The commissioning brief12 from the NIHR was to evaluate the PiPS tools and other prognostic indices.
Based on the results of systematic reviews,13,14 four other prognostic models were identified that might
also be useful in clinical practice and that were in need of further evaluation. These were the Palliative
Prognostic Index (PPI),15 the Palliative Performance Scale (PPS),16 the Palliative Prognostic (PaP)17 score
and the Feliu Prognostic Nomogram (FPN).18

The PPI and the PPS can be calculated without the need for a blood test (like PiPS-A). The PPI model
stratifies patients into three groups: survival for < 3 weeks, survival for < 6 weeks and survival for
> 6 weeks.15 The PPI has shown a high level of accuracy in patients with short estimates of survival.19

The PPS is a measure of functional status and is one of the variables included in the PPI score. Although
not specifically designed as a prognostic instrument, and therefore lacking some face validity as a stand-
alone prognostic tool, the PPS has been found to have prognostic significance in patients with advanced
disease.20,21 Using retrospective data from large observational studies, the PPS was found to distinguish
between groups of patients with different probabilities of dying across a range of survival times.20

The PaP and the FPN require blood test results (like PiPS-B). The PaP classifies patients into three risk
groups based on a 30-day survival probability of < 30%, 30–70% and > 70%.17 There is increasing
evidence to support its validity in a variety of settings.22–26 The total PaP score was shown in one study
to be more accurate than a simple CPS.27 One practical concern with the PaP score is that it relies on
CPS. This can make the PaP challenging to use when clinicians are unsure about survival times or when
an ‘objective’ estimate is required that is free from the influence of CPS. The FPN predicts survival at 15,
30 and 60 days.18 In one study, the FPN was found to be more accurate than the PaP18 and it does not
rely on subjective CPS.

Although clinician estimates of survival have been shown to be inaccurate and overoptimistic, it is
important that they are included as a comparator in any evaluation of prognostic scores because this
is the method by which most clinicians currently form their opinion regarding likely survival. Our own
work in this area has suggested that a multidisciplinary estimate of survival is more accurate than a
nurse’s estimate of survival. Accordingly, the PiPS2 study compared the accuracy of PiPS-B with
a clinician’s, a nurse’s or a multiprofessional estimate of survival.

The NIHR HTA commissioning brief12 also requested that an ‘assessment of the acceptability to
patients and clinicians of the use of prognostic models’ should be included. Our research has tackled
these questions using qualitative methods. We also assessed the acceptability of the models to the
relatives/carers of patients. This is particularly relevant because in clinical practice it is often the
relatives and carers who most wish to have access to accurate prognostic information.

As highlighted in the 2013 Neuberger report,7 a key research priority for the NHS is to determine the
best ways to communicate uncertainty to patients and families about prognostic estimates. Previous
research has shown that the majority of patients (61%) would want to know their prognosis if such
information was available.28 Our qualitative substudy arm was designed to explore with patients and
carers the type and extent of prognostic information they require and the best (and most sensitive)

INTRODUCTION

NIHR Journals Library www.journalslibrary.nihr.ac.uk

2



way to present this to them. The qualitative substudy also asked clinicians about the acceptability and
practical utility of using prognostic indicators to support their subjective estimates and any facilitators
of or barriers to their use.

Research objectives

Validation study
Primary objective:

l to validate the PiPS models and to compare the performance of PiPS-B risk categories with CPS,
including both individuals' estimates of survival and agreed multiprofessional estimates of
survival (AMPESs).

Secondary objectives:

l to validate PaP, FPN, PPI and PPS
l to determine the acceptability of all prognostic models (including PiPS) to patients, carers and

clinicians, and to identify potential barriers to clinical use.

Nested qualitative substudy
Primary objectives:

l to assess the acceptability of the prognostic models to patients, carers and clinicians.
l to identify barriers to and facilitators of clinical use.

Secondary objectives:

l to explore clinicians’ views and opinions about the usefulness of prognostic models
l to identify potential barriers to and facilitators of using prognostic models in clinical practice
l to understand how clinicians discuss prognostic information with patients and relatives or carers.

DOI: 10.3310/hta25280 Health Technology Assessment 2021 Vol. 25 No. 28

© Queen’s Printer and Controller of HMSO 2021. This work was produced by Stone et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in
professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial
reproduction should be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House,
University of Southampton Science Park, Southampton SO16 7NS, UK.

3





Chapter 2 Research methods

The protocol (of both the validation and the nested qualitative studies) has been published elsewhere
(Kalpakidou et al.).29 Parts of this chapter have been adapted from Kalpakidou et al.29 This is an Open

Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0)
license, which permits others to distribute, remix, adapt and build upon this work, for commercial use,
provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The text
below includes minor additions and formatting changes to the original text.

In this report, we first describe the involvement of patients and the public in our research. We then
describe the methods of validation and the qualitative substudy separately.

Patient and public involvement

We regarded the involvement of patients and the public as an important factor in the design, delivery,
interpretation and dissemination of our research.

Involvement in research design
As part of the PiPS development study,11,28 we asked for patients’ views about obtaining prognostic
information. The majority (478/778; 61%) of patients with capacity to consent to participate in
Prognosis in Palliative care Study I (PiPS1) indicated that, if the information were available, they would
want to know their prognosis, 176 (23%) indicated that they would prefer not to know and 124 (16%)
were ambivalent (they ‘did not know’ or ‘did not care’ about the issue). This reaffirmed to us the
importance of ensuring that prognostic information is not ‘thrust upon’ patients who would rather not
receive it and underlined the need to include further qualitative work in PiPS2 to understand the best
way to present this information to patients and their families.

In preparation for PiPS2, we undertook a more in-depth consultation with seven individual cancer
patients and one focus group of users comprising a further eight carers/patients. All users agreed that
the subject was an important area for clinical research. We asked users to reflect on the involvement
of patients without capacity in the study and in whom we should undertake blood tests. In the light
of service user feedback, we decided to include patients without capacity in the research, but to limit
their involvement to observational measurements only.

Two service users (PB and DAF) joined the study team early in the course of the research. They contributed
to the design of the topic guide and the interview schedule used in the qualitative substudy and ensured
that the content was appropriate and comprehensive. Our service user representatives also contributed to
the creation of the patient and carer information sheets used in the quantitative and qualitative studies.

Involvement in research delivery
Three service user representatives, recruited via the Marie Curie (London, UK; www.mariecurie.org.uk)
‘Expert Voices’ users’ group, were actively involved throughout the conduct of the study. One service
user representative acted as a member of the Study Steering Committee and had an important role in
overseeing the study. The other two service user representatives (PB and DAF) were fully involved in the
ongoing management and delivery of the study. They participated as research team members in minuted,
monthly Study Management Group meetings (usually by teleconference) and contributed to discussions
of issues arising during the trial, thereby ensuring the smooth running of the study. They contributed
to the interpretation of the qualitative data arising from the interviews with patients and their carers
and throughout data analysis. They were presented with emerging themes and anonymised quotes, and
their interpretations were included in the ongoing and final narrative.
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Dissemination of research findings
Most of the dissemination activities of the grant are yet to be undertaken. Nonetheless, our service user
representatives have already coauthored poster presentations at conferences. PB and DAF, co-authors
of this report, attended the Annual Supportive and Palliative care conference (21–22 March 2019)
in Harrogate, where they were co-authors on a poster presentation relating to patients’ and carers’
perspectives on the use of the PiPS predictor models. The main results relating to validation of PiPS
(both quantitative and qualitative) will be delivered as an oral presentation at the European Association
of Palliative Care Congress in 2020 (online) and have been written up, but not yet accepted, for publication
in a peer-reviewed journal. Preliminary results relating to recruitment processes were presented in poster
format at the European Association of Palliative Care congresses in Madrid (2018) and Berlin (2019).
Preliminary results relating to the qualitative subsidy were presented in poster format at the European
Association of Palliative Care congress in Bern (2018).

Validation study

Design
This was a multicentre, prospective, observational, cohort study to validate various prognostic models in
patients with advanced, incurable cancer. The study involved patients from 27 palliative care services
across England and Wales and was sponsored by University College London (UCL), London, UK. A full
list of participating units and the principal investigators (PIs) at each site is provided in Appendix 3.

Patients were recruited in three palliative care settings:

l community palliative care teams (CPCTs) (including day hospice and palliative care outpatients)
l hospital palliative care teams (HPCTs)
l hospices [including inpatient palliative care units (IPCUs)].

The recruitment period was from August 2016 to the end of April 2018. Three months after recruitment
ended, a list of study participants was sent to NHS Digital to determine dates of death. The accuracy of
the studied prognostic models was then compared with actual survival.

Following Medical Research Council guidance,30 a subset of patients who agreed to participate in
the main study, their next of kin (informal carers), patients who declined to participate in the main
study and health-care professionals was recruited into a nested qualitative substudy to explore views
about prognostication and the use of prognostic tools (see Methods of nested qualitative substudy, and
Chapters 3 and 4).

Participants
The study involved patients with and without the capacity to consent to participate. Many patients
at the end of their lives become confused, semiconscious or comatose, or may have pre-existing
cognitive impairment; consequently, they frequently lack the capacity to consent to participate in
research. The inclusion of patients who lacked capacity to consent was therefore of great importance
because the study population should be representative of those patients commonly seen in palliative
care services. Capacity to consent was assessed by the attending clinician using Department of Health
and Social Care guidance.31 If capacity to consent was in doubt, the clinician carried out a capacity test
as provided by the Royal College of General Practitioners’ Mental Capacity Act Toolkit for Adults in
England and Wales.32

Inclusion criteria

l Locally advanced or metastatic incurable cancer (estimated prognosis of survival < 1 year).
l Age ≥ 18 years.
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l Recent referral to palliative care services. For community, day hospice or palliative care outpatients,
‘recent’ signifies fewer than three previous contacts with the palliative care service before recruitment
to the study. For inpatient palliative care patients (including HPCTs), ‘recent’ signifies an appointment
with member of the palliative care team no more than 7 days previously.

l Sufficient English language skills to read and understand the patient information sheet and undertake
study assessments.

Exclusion criterion

l Receiving (or planning to receive) treatment with curative intent at the time of consent (patients
receiving palliative treatment were eligible to participate).

Study assessments
Data were collected at a single time point and were usually obtained from a review of medical notes or
a discussion with clinical staff. If patients were able to respond to questions, data could be obtained
directly from them. The data required for the calculation of each prognostic score are shown in Table 1.
The case report forms (CRFs) that were used are shown in Appendix 4.

TABLE 1 Variables included in each prognostic score

Variable Prognostic model

Type Name PiPS-A PiPS-B PaP FPN PPI PPS

Assessments by clinician CPS ✗

ECOG ✗ ✗ ✗

General health status ✗ ✗

KPS ✗

PPS ✗ ✗

Time to terminal disease ✗

Blood tests Albumin concentration ✗ ✗

Alkaline phosphatase concentration ✗

Alanine transaminase concentration ✗

CRP concentration ✗

Lactate dehydrogenase concentration ✗

Lymphocyte count ✗ ✗ ✗

Neutrophil count ✗

Platelet count ✗

Urea concentration ✗

White blood cell count ✗ ✗

Clinical signs and symptoms AMTS ✗ ✗

Anorexia ✗ ✗ ✗

Delirium ✗

Dysphagia ✗

Dyspnoea at rest ✗ ✗ ✗

continued
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Demographic-, disease- and treatment-related data and capacity recording
Demographic details of enrolled patients, such as age, gender and current location (e.g. home, hospital
or hospice) were recorded. NHS number and date of birth were also recorded to be sent to NHS Digital.
Information on the nature and site of primary tumour and sites of metastases (if any) were collected
and patients’ capacity to consent to participate in the study was documented.

Key symptoms
The presence or absence of key symptoms was recorded: anorexia, dysphagia, dyspnoea, fatigue and
weight loss. This was required for the scoring of the prognostic models.

Abbreviated Mental Test Score
The Abbreviated Mental Test Score (AMTS) assesses cognitive function.33 Patients who lacked capacity
and so could not consent to participate in the study (including those who were unconscious) were
attributed scores of zero.

Clinical assessments
The following clinical assessments were undertaken.

Clinical examination
Researchers recorded the presence or absence of ascites, peripheral oedema, delirium and decreased
oral intake. Pulse rate was measured over 1 minute.

Measures of performance status
The Eastern Co-operative Oncology Group (ECOG) performance status34 was recorded. This is a
measurement of a patient’s of everyday functioning and is required for the calculation of PiPS-A
and PiPS-B.

The Karnofsky Performance Scale (KPS)35 was used to assess patients’ functional impairment. The KPS
is required for the calculation of the PaP score.

The PPS16 describes a patient’s current ambulatory level, activity level, extent of disease, self-care abilities
and intake and conscious level. It is one of the prognostic models being evaluated.

TABLE 1 Variables included in each prognostic score (continued )

Variable Prognostic model

Type Name PiPS-A PiPS-B PaP FPN PPI PPS

Fatigue ✗

Oedema ✗

Oral intake ✗

Pulse rate ✗ ✗

Weight loss in last month ✗

Disease extent Bone metastases ✗ ✗

Breast cancer ✗

Distant metastases ✗ ✗

Liver metastases ✗

Prostate cancer ✗ ✗

AMTS, Abbreviated Mental Test Score; ECOG, Eastern Co-operative Oncology Group; KPS, Karnofsky Performance Scale.
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General health status
General health status was rated using a seven-point observer-rated scale with scores ranging from
very poor (1) to excellent (7).

Time to terminal disease
The time to terminal disease (TTD) was estimated by clinicians. TTD is defined as the time that elapsed
between the diagnosis and development of incurable disease and is required to calculate the FPN.

Blood tests
For patients with capacity to consent, a fresh blood specimen was taken. For patients without capacity
to consent, there was no requirement to take a fresh blood specimen, but if a blood sample was being
taken for another reason as a part of routine clinical care within 72 hours of study enrolment, then
the relevant tests were requested. Even if no new specimen was being taken from a patient without
capacity to consent, if relevant results were available within 72 hours of being enrolled in the study
then these results were recorded.

The blood test results required were white blood cell count, lymphocyte count, neutrophil count,
platelet count, urea concentration, albumin concentration, alkaline phosphatase concentration, alanine
transaminase concentration, CRP concentration and lactate dehydrogenase (LDH) concentration.
Blood specimens were processed locally in the routine clinical laboratory using usual local arrangements.

Clinicians’ estimates of survival
The attending clinician and nurse estimated survival of study participants independently. When the
estimates agreed, this represented the combined multiprofessional prediction. When they were
discordant, the clinician and nurse discussed the case and reached a consensus. To characterise the
prognosticators in more detail, participants were asked to provide information about themselves
(i.e. age, gender, professional training and years of specialist experience). Clinicians were also asked to
provide their prognostic estimates using a number of different formats to facilitate comparison with
the outputs of the prognostic scores. Clinicians were asked to (1) provide approximate estimates of
length of survival: days (0–13 days), weeks (14–55 days) or months+ (≥ 56 days), (2) provide more
specific estimates of survival to the nearest week (from < 1 week to > 12 weeks) and (3) estimate the
probability of survival at specific time points (1, 3, 7, 15, 30 and 60 days).

Data management
A study database for the storage, management and analyses of identifiable data was developed via a
secure web application named REDCap (Research Electronic Data Capture, UCL, London, UK) and
using the UCL Data Safe Haven secure system. This system is certified to the ISO27001 information
security standard.

The remainder of the (non-identifiable) study data [i.e. electronic case report forms (eCRFs)] were sent
to a separate database that had been created and supported by a company named Sealed Envelope
(London, UK). Data from the paper CRFs were manually transferred to the eCRFs by the researchers
at each participating site.

Ethics approval
The study received ethics approval from the Yorkshire and the Humber – Leeds East Research Ethics
Committee (REC) on 12 April 2016 (reference 16/YH/0132).

Ethics/protocol amendments
During the course of the study six amendments were submitted to and approved by the Health
Research Authority (HRA): five non-substantial/minor amendments and one substantial amendment.
In line with the relevant regulations, the substantial amendment was also submitted to and approved
by the Yorkshire and the Humber – Leeds East REC. The REC was notified of the five non-substantial/
minor amendments.
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The amendments are listed below in chronological order:

l The first non-substantial/minor amendment was submitted on 24 May 2016, involving the addition
of new participating sites. This was approved on 21 July 2016.

l A second non-substantial/minor amendment was submitted on 20 September 2016, involving minor
changes to study documentation and the replacement of the PIs at four participating sites. These
changes were approved on 26 September 2016.

l A substantial amendment was submitted to the HRA and the REC on 30 January 2017, involving
two main changes: a change/increase in the sample size and the inclusion of the nested qualitative
substudy. These changes were approved by the HRA and REC on 7 February 2017.

l A third non-substantial/minor amendment was submitted on 12 April 2017, involving the
replacement of the PI at one participating site. This was approved on 18 April 2017.

l A fourth non-substantial/minor amendment was submitted on 3 July 2017, involving the
replacement of the PI at one participating site. This was approved on 12 July 2017.

l A fifth non-substantial/minor amendment to the protocol of our qualitative substudy was submitted
on 21 August 2017. The amendment clarified which carers could or could not be included in the
qualitative substudy. This was approved on 10 October 2017.

Recruitment procedure

Patient identification
In each participating service, members of the clinical team maintained a screening log of all new referrals
to the service. For the patients not eligible to participate, the screening log recorded age group, gender
and reason for ineligibility.

Consent procedure
Study procedures differed between patients with and patients without the capacity to consent.

Patients with capacity to consent
Eligible patients were approached by a member of the clinical team about participation in the study.
If eligible patients were not approached by a team member then the reason for failure to do so was
recorded on the screening log.

Potential participants who had been approached by a member of the clinical team were asked if they were
willing to speak to a member of the research team and were handed a patient information sheet (PIS).
A member of the research team then discussed the study with the patient and sought their consent to
participate. For community patients, this discussion sometimes occurred over the telephone. Written
informed consent was usually obtained at least 24 hours after the PIS had been handed out but could
occur on the same day if it was more convenient and acceptable for the patient. If the patient declined
to participate in the study then the reason for this (if known) was documented on the screening log.

Patients without capacity to consent
For patients without capacity, a personal consultee was sought for advice. For patients with no personal
consultee, the advice of a nominated consultee was sought. The nominated consultee was usually another
doctor working in the hospital/hospice (who was not involved in the research), a social worker, a chaplain
or the patient’s general practitioner (GP).

In a similar manner to the approach adopted for patients with capacity to consent, consultees of
patients without capacity to consent were advised that it was usual practice to wait for 24 hours
before giving assent. If the consultee gave telephone advice for the patient to be included in the study
but they were unable to visit the unit to provide written evidence of assent, then verbal agreement
was initially deemed sufficient to allow the research team to enrol the patient in the study and start
data collection. However, in these circumstances an assent form was posted to the consultee to be
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signed and returned to the research team within 2 weeks of the patient being enrolled in the study.
If no signed assent form was received then the patient was withdrawn from the study and all data
were destroyed.

Patients with fluctuating capacity to consent
If a patient who temporarily lacked and then recovered capacity to consent was included in the study,
then, when they recovered capacity, they would be informed about their involvement in the study and
would have the opportunity to withdraw or confirm participation.

Quantitative statistical methods

Outcome measures
The primary outcome measures were survival of patients (measured from the date patients consented
to participate), the CPS and the predictions of the PiPS-A and PiPS-B prognostic models. The secondary
outcome measures were the predictions produced by the PPI, PPS, PaP and FPN.

Sample size
The sample size calculations were based on data collected during the original study.11

For the comparison between PiPS-B model predictions and clinical prediction of survival
The primary model of interest for this research was PiPS-B. To show at least a 5% improvement in
correct predictions using PiPS-B compared with clinicians’ predictions, assuming 80% power and 5%
significance level and using a McNemar’s test, 1267 patients with complete PiPS-B data would be
required. The formula and the software used for these calculations were based on the work produced by
Machin et al.36 It was estimated that to obtain 1267 complete PiPS-B data sets it would be necessary to
recruit 1334 patients with capacity to consent (assuming 5% missing data). Furthermore, to recruit 1334
patients with capacity to consent, it was estimated that it would be necessary to recruit approximately
1778 patients in total (assuming 25% of patients would lack capacity to consent).

For the validation of the PiPS models
To validate predictions from a risk model it has been recommended that the validation data should have
at least 100 events.37 The validation data for PiPS2 involved several centres. There is no guidance on
sample size calculation for multicentre prognostic validation data. We expected clustering of patients
within centres to be minimal, based on other studies in community care.38 However, to be conservative,
we inflated the number of events required in the validation data to 150. Assuming an event rate of
17.8%, based on the original study, we estimated that we would require 843 patients to validate the
PiPS-B model. In fact, to have sufficient participants to compare PiPS-B with CPS, we planned to recruit
approximately 1778 patients, most of whom would be able to provide data for the validation of both
PiPS-A and PiPS-B. Thus, the proposed sample size was more than adequate to validate both models.
Using similar arguments, the proposed sample size was also more than sufficient to validate the other
prognostic models (i.e. PPI, PPS, PaP and FPN).

Statistical analyses

Descriptive analysis
Predictors and outcomes were summarised using descriptive analysis. Categorical predictors have been
reported as raw numbers and percentages. Continuous variables have been summarised using mean
or median and standard deviation (SD) or interquartile range (IQR) as appropriate. The percentage of
values missing for each predictor has also been presented. The survival times of patients have been
summarised using median and IQRs, and Kaplan–Meier graphs.
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Primary analyses

Validation of PiPS models (comparison between PiPS model predictions and patients’ actual
survival) For both PiPS-A and PiPS-B, in the original study,11 two separate models were developed to
predict the 2-week (14-day) and 2-month (56-day) survival of patients. The models were then combined
using the original PiPS decision rule, thereby generating three prognostic categories (i.e. survival of
< 2 weeks, 2 weeks to 2 months and > 2 months).

The performance of prognostic models is typically assessed by calculating measures of model discrimination
and calibration. The discrimination of a model refers to how well it differentiates between those at
higher risk of having the event of interest and those at lower risk. Calibration refers to the level of
agreement between the observed outcomes and the predictions.39 The discriminatory ability of the PiPS
models has been assessed using the c-statistic. Separate c-statistics have been calculated for the 2-week
and 2-month survival models. The c-statistic can vary between zero and 1.0, where a value of 0.5 means
that the model shows no ability to discriminate. Model performance has also been assessed by plotting
Kaplan–Meier survival curves for each of the three risk groups identified by the PiPS models (days,
weeks and months+).

Model calibration has been assessed by comparing observed and predicted probabilities by calculation
of the calibration in the large (CiL) and calibration slope (CS).40 For a prognostic model to be well
calibrated, the CiL should be close to zero and the CS should be close to 1.0.41

Comparison between PiPS-B model predictions and clinical prediction of survival To compare
the accuracy of the model predictions and CPS, the primary analysis focused on the PiPS-B model.
McNemar’s test was used to compare the proportion of overall patient deaths predicted correctly
by PiPS-B (using the original decision rule11) with the corresponding proportion predicted correctly
by clinicians.

Secondary analyses
As part of the secondary analyses, the PiPS models’ predictions for the 2-week and 2-month cut-off
points were combined to produce a categorical prediction of survival (days, weeks or months+) and
were compared with clinicians’ estimates and the corresponding observed values with respect to their
accuracy. Linear-weighted k has also been used to compare the performance of the clinicians with that
of the models.

The PPI, PPS, PaP and FPN prognostic models were also assessed as part of the secondary analyses.
The calibration of these prognostic models were assessed using the CS,40 based on a logistic model
for binary outcomes and the Cox model for survival outcomes.42 Model discrimination was assessed
using the c-statistic for binary outcomes and Harrell’s concordance index for survival outcomes.41 The
performance measures estimated for the various models were compared descriptively. The predictions
made by these prognostic models were also compared with the corresponding observed outcomes and
clinician predictions (where available or where possible).

As multiple comparisons are performed in this report, a Bonferroni correction43 has been used to adjust
the significance level for the secondary analyses. The amended significance level of 0.05/7 (0.0071) has
been used for the secondary analyses.

Bias owing to missing data was investigated and multiple imputation based on chained equations44 was
used to impute missing predictor values.

Data checking
Before analysis, basic checks were performed to confirm the quality of the data. Incomplete or
inconsistent data included missing data, data outside the expected range and other inconsistencies.
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If any inconsistencies were found, the corresponding values were double checked with the researchers
and corrected if necessary. All changes were documented by the study statistician. Analyses were
performed after dates of death had been obtained from NHS Digital, 3 months after completion of
the study. Prior to the final analysis, all relevant data were entered, checked and locked, the analysis
plan was finalised and approved and the analysis programs were prepared. The primary analysis was
performed independently by two statisticians (VV and RO) to ensure accuracy.

Software
Data were downloaded from the study-specific online database provided by Sealed Envelope into a
format suitable for Stata® (StataCorp LP, College Station, TX, USA). Statistical analyses were performed
using Stata version 14.

Methods of nested qualitative substudy

A purposive sample of patients, carers and clinicians who had been asked to participate in the quantitative
study in the Manchester and Derby areas (hospice, community and hospital sites) were also asked to
consider participation in the qualitative substudy. Semistructured, face-to-face interviews were conducted
with patients, carers and clinicians.

Sample size
The final sample size was determined by data saturation.

Study setting
For pragmatic reasons the setting for the qualitative substudy was mostly the Greater Manchester
area. The demographic diversity of this area permitted us to recruit from a wide range of backgrounds.
However, following advice from the Study Steering Committee, we extended the sampling frame to
Derby, to recruit a small number of palliative home care patients.

Characteristics of patient and carer sample
The patient and carer sample comprised patients with capacity to consent and carers of patients
with or without capacity to consent, who had agreed to participate in the quantitative study. We
also approached patients and carers who had declined to participate in the quantitative study. We
purposively sampled patients and carers according to prespecified characteristics so that our sample
was as varied as possible and represented the views and experiences of a wide range of patients and
carers. Gender and age are known examples of factors that may influence the decision to receive
prognostic information45–49 and, therefore, were characteristics for which we purposively sampled.

Characteristics of health-care professional sample
The clinician sample was pragmatic and comprised health-care professionals who routinely cared for
patients with advanced cancer and made prognostic predictions, such as palliative care specialists,
oncologists, nurses and GPs.

Recruitment procedure

Patients and carers
Patients or carers in the qualitative substudy were initially approached by a member of the clinical
team after they had been approached about the quantitative study. At this point they were handed the
PIS for the qualitative substudy and asked if they would be happy to speak to a member of the research
team about the study in more detail. Because interviewing patients/carers about prognosis is sensitive
and could potentially cause distress, we employed a researcher experienced in interviewing palliative
patients/discussing sensitive topics.
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Health-care professionals
Health-care professionals were given at least 24 hours to decide whether or not they wanted to take
part and were told that they were free to withdraw at any time. Written consent was taken prior to
the interview.

Scope and nature of the interviews
Interviews were interactive and explored the acceptability of PiPS and other models. Interviews
used topic guides (see Appendices 1 and 2) that were based on reviews of the literature, results of
previous consultations with service users and the MORECare (Methods Of Researching End of life
Care) recommendations for conducting research at the end of life.50 The topic guides were iterative to
allow new themes that emerged during interviews to be explored with future participants. Interview
duration was mindful of participants’ needs to ensure that they were not overburdened and were
expected to last < 1 hour. Interviews took place at a venue of the participant’s choice.

Topics explored in patient/carer interviews
Patient/carer interview content included the following topic areas: experiences of being approached to
take part in the PiPS2 prognostic study, perspectives on the development and use of prognostic indicators,
views and opinions of how best, and the most sensitive way, to present prognostic information to patients
and/or relatives/carers, and opinions about the usefulness of such an indicator/tool.

Topics explored in health-care professional interviews
Clinicians were shown the prognostic models, tried them out during the interview and commented on
their perceived clinical usefulness (e.g. ease of completion and interpretability of outputs). Clinician
interview content included the following topic areas: experiences of making predictions of survival
length to patients/carers, the information currently shared with patients/carers about prognosis and
how it is conveyed, opinions on the development and use in clinical practice of prognostic indicators/
tools, and barriers to and facilitators of clinical use of prognostic indicators/tools.

Conduct of the interviews
Face-to-face interviews were conducted by the researcher at a location to suit the participant.
Generally this was a private side room of the hospice/hospital ward. However, some patients preferred
the interview to take place at their bedside, especially if they were feeling particularly unwell. Some
participants wished to be interviewed in their own homes.

Qualitative data analysis
Interview data were entered into NVivo 10 (QSR International, Warrington, UK) and analysed using
the five stages of framework analysis:51 familiarisation, developing a thematic framework, indexing,
charting, and mapping and interpretation. During the first stage (familiarisation), the research team
became immersed in the data52 by reading and rereading the transcripts and discussing emerging
themes. A thematic framework was then developed based on the topic guide.53 After this, transcripts
were indexed (coded) line by line using the thematic framework but we remained open to new themes
that emerged.54 Next, the data were entered into a chart so that coded extracts could be attributed
to individual participants. Finally, participants’ views were compared and contrasted and the data were
presented schematically (mapping). Rival explanations were explored.

An iterative and inductive approach to analysis was followed so that data analysis started alongside data
collection. Themes and issues identified from interviews informed further questions and probing in both
ongoing and future interviews. Memoranda and notes were written about emerging themes to summarise
or analyse a point and to relate emerging ideas and concepts to existing literature. The qualitative research
team met on a regular basis to discuss the development of codes, themes, categories and theories about
the phenomenon being studied.
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Emotional/physical distress during qualitative interviews
Owing to the sensitive nature of the research relating to discussions of prognostic information of palliative
care patients, we developed a distress policy for the researcher completing face-to-face interviews to
consider. For the qualitative substudy we collected data from patients, their relatives/carers and clinical
staff shortly (a few days) after patients had been approached to take part in PiPS2. If the patient/carer
became upset during the interview, the researcher asked if they would like to stop the interview and,
if the interview was stopped, whether or not they wished to resume. If further support was needed, the
researcher linked participants to existing support mechanisms in the hospice/organisation. All patients
had already been referred to palliative care services and the relevant clinical services were notified of
any distress detected during the study for follow-up.
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Chapter 3 Research results

The results of the validation study and the qualitative substudy are presented separately.

Results of validation study

Recruitment
Between 1 August 2016 and 30 April 2018, 1833 patients (with capacity to consent, n = 1610; without
capacity to consent, n = 223) were recruited at 27 different sites in England and Wales. One site failed
to correctly follow study procedures and recruited only one participant. This site and this participant
were withdrawn from the study and have not been included in any of the analyses. The numbers of
patients recruited at each stage of the recruitment process are shown in Figure 1.

Ineligible patients
Of 17,014 patients screened, 4642 (27.3%) were ineligible for the study. The most common reason for
not being eligible was a non-cancer diagnosis.

Patients who were not approached
Of 12,372 eligible patients, 9073 (73.3%) were not approached by a member of the research team to
be considered for study enrolment. The most common reasons for failure to approach patients about
the study were:

l clinical reasons (i.e. the clinician judged that involvement in the research study would not be
appropriate for that patient)

l premature death of the patient (i.e. before there was time for them to be approached)
l early discharge from the service
l because staff were not available to discuss the study with the potential participant.

Patients who did not provide consent
Of 3299 patients (with capacity, n = 2969; without capacity, n = 330) who were approached about the
study by a member of the research team, 1458 (44.2%) did not provide consent (or their relatives did
not agree to their involvement, in the case of patients lacking capacity). Patients (or relatives) who
declined consent were not obliged to provide any reason for doing so. Those who did so provided
a wide variety of reasons. The most common reasons were that they were experiencing extreme
fatigue, distress or malaise, or they had too many other competing priorities.

Recruitment by site
The number of patients recruited at each site is summarised in Appendix 5. The median number of
participants recruited at each site was 47.

Patient participant characteristics
Participant characteristics are shown in Tables 2 and 3. These summaries are based on actual observations
only (no data have been imputed).

The mean age of participants was 70.2 years and 51.2% were men. The majority of participants
were recruited from IPCUs. The most common tumour types were lung, head and neck and upper
gastrointestinal cancers and the most common sites of metastases were bone, liver and lymph nodes.
Most patients were no longer receiving tumour-directed therapies, although, consistent with the
trend to initiate palliative care earlier in the course of the disease trajectory, 21.3% of patients were
still receiving active oncological therapies. Most participants had a poor ECOG performance status,
with 59.8% having a score of 3 or 4 (i.e. in bed for > 50% of the day, or completely bed-bound).
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Characteristics of the doctors
Doctors who participated in the research by providing prognostic estimates were also asked to provide
some data about themselves, including age, gender, specialty, years working as a doctor, years of experience
in palliative medicine and their professional grade. However, doctors were not individually identified and
many doctors participated in the research on more than one occasion, thus making it difficult to summarise
the characteristics of the individual doctors. To provide insight into the characteristics of the physician
prognosticators, we assumed that doctors working in the same institution who were of the same gender
and age and had the same professional grade, years qualified and years working in palliative care were

Patients screened
(n = 17,014)

Patients eligible
(n = 12,372)

Patients approached
(n = 3299)

Patients consented
(n = 1841)

Patients available for
analysis

(n = 1833)d

Patients with
capacity to consent

(n = 1610)

Patients without
capacity to consent

(n = 223)e

Patients withdrawn (n = 8)

Patients did not consent (n = 1458)

Patients not approached (n = 9073)b

Ineligible patients (n = 4642)a

• Non-cancer diagnosis, n = 3528
• Curative cancer, n = 93
• Aged < 18 years, n = 6
• Insufficient English language, n = 248
• Already in the study, n = 428
• Not classified as ‘palliative’, n = 341

• Clinical reasons, n = 2914
• Died too soon, n = 2224
• Discharged too soon, n = 1532
• Previously refused study, n = 182
• Patient not available, n = 138
• Consultee not available, n = 124
• Staff not available, n = 1242
• Other reasons, n = 726c

• No reason provided, n = 477
• Did not want blood test, n = 83
• Other reasons, n = 898c

• Did not want blood test, n = 3
• Too unwell, n = 2
• Died too soon, n = 1
• No reason provided, n = 1
• Unconfirmed diagnosis of incurable
    cancer, n = 1

FIGURE 1 Flow diagram of patient recruitment to the PiPS2 validation study. a, For two patients there was more than
one reason for being ineligible; b, nine patients were not approached for more than one reason; c, other reasons include
patients’ extreme fatigue, distress and feeling too unwell; d, the original paper CRFs had been misplaced for two patients at
two distinct participating sites and data had not been entered in the eCRF. Both patients were included in the analysis and
data were treated as missing; e, 61 of the participants without capacity to consent had blood taken as part of routine
assessment and therefore were included in the primary analysis of the PiPS-B model.
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TABLE 2 Participant characteristics

Variable Total (N= 1833)

Age (years), mean (SD) (N= 1832)a 70.2 (11.9)

Gender, n (%) (N = 1832)a

Male 938 (51.2)

Female 894 (48.8)

Location, n (%)

IPCU 1241 (67.7)

CPCT 468 (25.5)

HPCT 124 (6.8)

Site of primary tumour,b n (%)

Lung 362 (19.8)

Upper gastrointestinal tract 337 (18.4)

Lower gastrointestinal tract 280 (15.3)

Prostate 160 (8.7)

Breast 146 (8.0)

Gynaecological 133 (7.3)

Other 123 (6.7)

Urological (bladder, testes, renal) 112 (6.1)

Head and neck 81 (4.4)

Haematological 70 (3.8)

Unknown 45 (2.5)

Neurological 38 (2.1)

Rare tumour 27 (1.5)

Site of metastatic diseases, n (%)

Bone 555 (30.3)

Liver 538 (29.4)

Nodal 516 (28.2)

Lung 477 (26.0)

Other 353 (19.3)

None 279 (15.2)

Brain 134 (7.3)

Pleural effusion 98 (5.4)

Ascites 95 (5.2)

Adrenal 79 (4.3)

Unknown 60 (3.3)

Skin 36 (2.0)

Renal 20 (1.1)

continued
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TABLE 2 Participant characteristics (continued )

Variable Total (N= 1833)

Currently receiving tumour therapy, n (%) 391 (21.3)

Chemotherapy 190 (48.6)

Radiotherapy 118 (30.2)

Hormone therapy 76 (19.4)

Other tumour directed therapy (e.g. immunotherapy) 42 (10.7)

Capacity to consent, n (%) 1610 (87.8)

Time between diagnosis and date became incurable (months) (N = 1821)

Mean (SD) 13.2 (32.8)

Median (IQR) 0 (0–12)

AMTS, n (%) (N= 1826)

< 4 208 (11.4)

≥ 4 1618 (88.6)

Presence of key symptoms, n (%)

Anorexia (N = 1830) 968 (52.9)

Dysphagia (N = 1830) 554 (30.3)

Dyspnoea (N = 1831) 652 (35.6)

Fatigue (N = 1831) 1617 (88.3)

Weight loss (N = 1831) 1194 (65.2)

Clinical assessments, n (%)

Ascites (N= 1830) 245 (13.4)

Presence of peripheral oedema (N= 1831) 685 (37.4)

Pulse rate (b.p.m.); mean (SD) (N = 1817) 82.2 (14.7)

Presence of delirium (N= 1830) 66 (3.6)

Considered to be caused by a single medication 2 (3.0)

Oral intake (N = 1830), n (%)

Normal 587 (32.1)

Moderately reduced 666 (36.4)

Severely reduced 577 (31.5)

ECOG performance status grade, n (%) (N = 1831)

0 15 (0.8)

1 202 (11.0)

2 520 (28.4)

3 822 (44.9)

4 272 (14.9)
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TABLE 2 Participant characteristics (continued )

Variable Total (N= 1833)

General health status (overall health), n (%) (N = 1823)

1 (Very poor) 144 (7.9)

2 414 (22.7)

3 680 (37.3)

4 348 (19.1)

5 180 (9.9)

6 49 (2.7)

7 (Excellent) 8 (0.4)

KPS, n (%) (N = 1830)

10 63 (3.4)

20 108 (5.9)

30 136 (7.4)

40 229 (12.5)

50 465 (25.4)

60 404 (22.1)

70 276 (15.1)

80 114 (6.2)

90 33 (1.8)

100 2 (0.1)

b.p.m., beats per minute.
a One participant preferred not to say.
b Seventy-three participants had more than one primary tumour.

TABLE 3 Laboratory results of participants for whom blood results were available

Results N Mean (SD) Median (IQR)

Full blood count

White blood cell count (×109/l) 1602 11.3 (11.2) 9.5 (6.8–12.9)

Lymphocyte count (×109/l) 1596 1.2 (2.0) 1.1 (0.7–1.45)

Neutrophil count (×109/l) 1600 8.8 (6.2) 7.4 (4.9–10.6)

Platelet count (×109/l) 1601 312.9 (147.6) 289 (210–391)

Biochemistry

Urea concentration (mmol/l) 1601 8.0 (6.4) 6.4 (4.7–9.2)

Albumin concentration (g/l) 1600 30.1 (7.0) 30 (25–35)

Alkaline phosphatase concentration (U/l) 1587 231.7 (319.9) 122 (86–232)

Alanine transaminase concentration (U/l) 1581 33.3 (71.7) 19 (11–32)

CRP concentration (mg/l) 1565 68.6 (73.5) 45 (14.4–96)

LDH concentration (mmol/l) 1467 505.4 (446.0) 381 (251–572)
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the same individual. We allowed for an increase of up to 2 years over the duration of the study for age,
years qualified and years working in palliative care. On this basis, the characteristics of the estimated
431 individual doctor participants are shown in Table 4.

Characteristics of the doctor–patient relationship
When doctors provided a prognostic estimate for patient participants in the validation study they
were also asked to indicate how long they had been caring for the patient and when they had last
assessed them. The summary statistics for each of these prognostic estimates are shown in Table 5.
Most commonly, the doctor providing the prognostic estimate had known the patient for < 1 week.
However, most of the estimates were made soon after the doctor had last reviewed the patient,
with 75.8% of estimates occurring after the doctor had reviewed the patient in the previous 3 days
and more than half occurring on the same day.

Characteristics of nurses
Nurses who participated in the research by providing prognostic estimates were also asked to provide
data about themselves, including age, gender, specialty, years working as a nurse, years of experience
in palliative care and professional grade. However, nurses were not individually identified, and
many nurses participated in the research on more than one occasion, making it difficult to summarise
the characteristics of the individual nurses. To provide insight into the characteristics of the nurse
prognosticators, we assumed that nurses working in the same institution who were of the same gender
and age and had the same professional grade, years qualified and years working in palliative care were
the same individual. We allowed for an increase of up to 2 years over the duration of the study for age,
years qualified and years working in palliative care. On this basis, the estimated characteristics of the
individual nurse participants are shown in Table 6.

TABLE 4 Characteristics of doctors

Variable n (%) Mean (SD) Median (IQR)

Estimated number of individual doctors (N= 431) – – –

Specialty (N= 420)

Palliative care 360 (85.7) – –

Oncology 13 (3.1) – –

GP 24 (5.7) – –

Medicine 12 (2.9) – –

Other 15 (3.6) – –

Professional grade (N = 419)

Foundation years 33 (7.9) – –

Core medical trainee 44 (10.5) – –

Specialist trainee 118 (28.2) – –

Consultant 110 (26.3) – –

Non-consultant, non-trainee doctor 87 (20.8)

Other 27 (6.4) – –

Years working as a doctor since qualified (N = 415) – 12.8 (9.7) 9 (5–20)

Years working in palliative medicine (N= 412) – 6.2 (7.1) 3 (0–10.5)

Gender (N = 418)

Male 117 (28.0) – –

Female 301 (72.0) – –

Age (years) (N = 351) – 37.3 (9.0) 35 (30–44)
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TABLE 5 Characteristics of the doctor–patient relationship for the prognostic estimates

Variable n (%)

Length of relationship with patient

< 1 week 1211 (67.0)

< 1 month 223 (12.3)

< 3 months 95 (5.3)

≥ 3 months 38 (2.1)

Never met patient 241 (13.3)

Last assessed patient

Today 963 (53.2)

Within last 3 days 409 (22.6)

Within last week 110 (6.1)

Within last month 72 (4.0)

> 1 month ago 15 (0.8)

Never met patient 240 (13.3)

TABLE 6 Characteristics of nurses

Variable n (%) Mean (SD) Median (IQR)

Estimated number of individual nurses (N= 777) – – –

Specialty (N= 768)

Palliative care 755 (98.3) – –

Oncology 8 (1.0) – –

Other 5 (0.7) – –

Professional grade (N= 1066) –

Band 5 529 (68.6) – –

Band 6 102 (13.2) – –

Band 7 120 (15.6) – –

Band 8 10 (1.3) – –

Nurse consultant 2 (0.3) – –

Other 8 (1.0) – –

Years worked as a nurse since qualified (N = 768) – 19.4 (11.8) 19 (9–30)

Years working in palliative care (N= 770) – 8.5 (7.6) 6 (2–12)

Gender (N= 768)

Male 36 (4.7) – –

Female 732 (95.3) – –

Age (years) (N = 652) – 45.6 (10.5) 47.5 (37–54)
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Characteristics of the nurse–patient relationship
Nurses providing a prognostic estimate of survival for patient participants in the validation study were
also asked to indicate how long they had been caring for the patient and when they had last assessed
them. The summary statistics for each of these prognostic estimates are shown in Table 7. Most commonly,
the nurse providing the prognostic estimate had known the patient for < 1 week. However, most of
the estimates were made soon after the nurse had last reviewed the patient, with 82.6% of estimates
occurring after the nurse had reviewed the patient in the previous 3 days and nearly three-quarters
occurring on the same day.

Overall survival of the patient participants
The median survival of the patients was 45 days (IQR 16–140 days). The survival time of patients
was categorised into days (0–13 days), weeks (14–55 days) and months+ (≥ 56 days) because this
corresponded to the predictions provided by the PiPS models. The number of participants in the days
category was 405 (22.1%), the weeks category 601 (32.8%) and the months+ category 827 (45.1%).

The survival curve for the study population is shown in Figure 2.

TABLE 7 Characteristics of the nurse–patient relationship for the prognostic estimates

Variable n (%)

Length of relationship with patient

< 1 week 1246 (68.3)

< 1 month 362 (19.9)

< 3 months 83 (4.6)

≥ 3 months 47 (2.6)

Never met patient 86 (4.7)

Last assessed patient (N = 1809)

Today 1295 (71)

Within last three days 211 (11.6)

Within last week 96 (5.3)

Within last month 118 (6.5)

> 1 month ago 17 (0.9)

Never met patient 87 (4.8)
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FIGURE 2 Kaplan–Meier curve displaying survival for all participants.
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The median survival time of all patients (n= 1833) was 45 days (IQR 16–140 days). The median survival
time of patients recruited from IPCU (n= 1241) was 29 days (IQR 11–72 days). The median survival time of
community palliative care patients (n= 468) was 171 days (IQR 73–418 days). The median survival time of
patients recruited from HPCTs (n= 124) was 43 days (IQR 15–129 days). The results are shown in Figure 3.

Predicted survival time of patients by doctors and nurses and an agreed multiprofessional
estimate of survival
The predicted survival time of patients in the study are shown in Table 8. Slightly more nurses
than clinicians were available (and able/willing) to provide a survival estimate for participants.
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FIGURE 3 Kaplan–Meier curve displaying survival of participants by setting of recruitment.

TABLE 8 Predicted survival times of study participants

Variable Doctors’ estimates, n (%) (N= 1809) Nurses’ estimates, n (%) (N= 1824)

Estimated survival by PiPS categories

Days (0–13 days) 197 (10.9) 178 (9.8)

Weeks (14–55 days) 670 (37.0) 672 (36.8)

Months (≥ 56 days) 942 (52.1) 974 (53.4)

More specific survival estimates (weeks)

≤ 1 122 (6.7) 111 (6.1)

2 114 (6.3) 101 (5.5)

3 99 (5.5) 79 (4.3)

4 135 (7.5) 128 (7.0)

5 47 (2.6) 64 (3.5)

6 159 (8.8) 133 (7.3)

7–8 208 (11.5) 247 (13.5)

9–10 153 (8.5) 112 (6.1)

11–12 218 (12.1) 210 (11.5)

> 12 554 (30.6) 639 (35.0)

Estimated survival time (days) Mean (SD) Median (IQR) Mean (SD) Median (IQR)

1 95.5 (11.1) 100 (95–100) 96.4 (11.8) 100 (99–100)

3 90.6 (17.3) 98 (90–100) 91.6 (17.9) 100 (90–100)

7 83.2 (22.7) 90 (80–99) 84.5 (23.6) 95 (80–100)

15 73.1 (26.7) 80 (60–93) 74.1 (28.0) 80 (60–100)

30 58.2 (29.2) 60 (40–80) 59.8 (30.8) 70 (40–80)

60 43.1 (29.8) 50 (20–70) 45.0 (31.6) 50 (20–70)
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Health-care professionals were initially asked to provide a broad survival estimate according to the PiPS
categories (days, weeks or months+) and were then asked for a more specific prognosis in terms of
weeks. Finally, they were asked to estimate the probability of patients surviving to different time points.

If the clinician and the nurse independently agreed on the length of survival (using the PiPS categories)
then this was regarded as representing the AMPES. If they disagreed, then they were asked to confer
with each other and come to an agreed response. The AMPES was days on 188 occasions (10.3%),
weeks on 696 occasions (38.1%) and months+ on 947 occasions (51.7%).

Accuracy of survival predictions by health-care professionals
The accuracy of clinicians’ survival predictions (using the PiPS prognostic categories of days, weeks and
months+) was assessed by comparing the predictions with the observed outcomes.

Accuracy of nurses’ predictions of survival
A comparison between the nurses’ predictions and actual survival is shown in Table 9. The overall
accuracy of the nurses’ predictions was 1080 out of 1824 (59.2%).

Accuracy of clinicians’ predictions of survival
A comparison between the clinicians’ predictions and actual survival is shown in Table 10. The overall
accuracy of the clinicians’ predictions was 1094 out of 1809 (60.5%).

Accuracy of agreed multiprofessional estimates of survival
A comparison between the AMPES and actual survival is shown in Table 11. The overall accuracy of
AMPESs was 1134 out of 1831 (61.9%).

Validation of the PiPS models
In the development study, for both PiPS-A and PiPS-B two separate models were developed to predict
2-week (14-day) and 2-month (56-day) survival, thus generating three prognostic categories: days
(< 14 days), weeks (14–55 days) and months+ (> 55 days). The weeks and months+ models included
different sets of predictors. The variables included in PiPS-A and PiPS-B are shown in Appendix 6.

TABLE 9 Nurses’ predictions of survival against observed survival

Nurses’ predictions

Observed survival

TotalDays Weeks Months+

Days 142 29 7 178

Weeks 195 299 178 672

Months+ 62 273 639 974

Total 399 601 824 1824

TABLE 10 Clinicians’ predictions of survival against observed survival

Clinicians’ predictions

Observed survival

TotalDays Weeks Months+

Days 153 35 9 197

Weeks 194 302 174 670

Months+ 44 259 639 942

Total 391 596 822 1809
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The regression equations for calculating the PiPS-A and PiPS-B scores are shown in Appendix 7.
To combine the outputs from the 14-day and the 56-day models to provide a unitary prediction
about survival, the PiPS investigators combined the outputs of each model using a simple decision
rule. The decision rule (see Appendix 7) was that, for both models (weeks and months+), if the
predicted probability of the event (i.e. survival) exceeded 50% for a patient then the patient was
classified to have the event (i.e. survived at least 14 or 56 days for each model). Otherwise, it was
assumed that the patient did not have the event (i.e. did not survive 14 or 56 days for each model).
Thus, if the models predicted that a patient would survive 2 weeks, but predicted that the patient
would die within 2 months then the PiPS prediction would be that the patient would die in weeks.

The first analyses were undertaken using complete data sets only (without imputation). They are
described below.

Analysis without imputation of missing data

Performance of the 14-day and 56-day models
Before considering the global performance of the PiPS-A and PiPS-B models (which involved assessing
how well the combined 14-day and 56-day models performed using the decision rule), each model was
assessed independently.

Discriminatory ability of 14-day and 56-day models The discriminatory ability of the models was
assessed using the c-statistic. Separate c-statistics [with 95% confidence intervals (CIs)] were calculated
for the weeks and months+ models. For the PiPS-A 14-day model (n = 1802) the c-statistic was 0.825
(95% CI 0.803 to 0.848) and for the PiPS-A 56-day model (n = 1803) the c-statistic was 0.776 (95% CI
0.755 to 0.797). For the PiPS-B 14-day model (n = 1484) the c-statistic was 0.837 (95% CI 0.810 to
0.863) and for the PiPS-B 56-day model (n = 1498) the c-statistic was 0.810 (95% CI 0.788 to 0.832).
The discrimination of the models was good or excellent.55

Calibration of 14-day and 56-day models The calibration of the prognostic models was assessed using
the CiL and CS based on a logistic regression model fitted to the validation data using the predicted
log-odds as the only predictor. The CiL and CS are shown in Table 12.

A risk model is considered to be well calibrated if the CiL is close to zero and the CS is close to 1.
The PiPS-A14 and PiPS-A56 were both well calibrated. The PiPS-B56 model was well calibrated.
PiPS-B14 showed some degree of overfitting (CS 0.840), with predictions slightly higher for the
57–74% risk group.

The calibration of both the PiPS-B14 and PiPS-B56 models has also been assessed by comparing the
observed and the predicted proportions of events (Figures 4 and 5, respectively).

TABLE 11 Agreed multiprofessional predictions of survival against observed survival

AMPES

Observed survival

TotalDays Weeks Months+

Days 154 28 6 188

Weeks 215 321 160 696

Months+ 36 252 659 947

Total 405 601 825 1831
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FIGURE 4 Observed and predicted proportion of events using PiPS-B14 model. n= 1497; proportion of events= 1238 out of
1498 (82.7%). One participant was removed from the analysis because their PiPS-B prognostic index was an outlier. The data
have been divided into 10 equal-sized groups (deciles) to produce the graph.

TABLE 12 Calibration in the large and CS for PiPS-A and PiPS-B models

Variable CiL (95% CI) CS (95% CI)

PiPS-A

14 days (‘2 weeks’) –0.037 (–0.168 to 0.095) 0.981 (0.872 to 1.09)

56 days (‘2 months’) 0.109 (0.002 to 0.215) 0.946 (0.842 to 1.05)

PiPS-B

14 days (‘2 weeks’) –0.202 (–0.364 to –0.039) 0.840 (0.730 to 0.950)

56 days (‘2 months’) 0.152 (0.030 to 0.273) 0.914 (0.808 to 1.02)
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FIGURE 5 Observed and predicted proportion of events using PiPS-B56 model. n= 1498; proportion of events = 727 out
of 1498 (48.5%).
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Performance of the combined PiPS-A and PiPS-B models using the decision rule
When the outputs from the 14- and 56-day models were combined using the decision rule previously
described (see also Appendix 7), the result was a prediction about whether the patient would survive
for days (0–13 days), weeks (14–55 days) or months+ (> 55 days).

Accuracy of PiPS-A and PiPS-B predictions using the decision rule The accuracy of the resulting
predictions of the combined PiPS-A and PiPS-B models are shown in Tables 13 and 14. The overall
accuracy of the PiPS-A combined model was 1012 out of 1802 (56.2%). The overall accuracy of the
PiPS-B combined model was 910 out of 1484 (61.3%).

The discriminatory performance of the 14-day and 56-day models using the decision rule was calculated
using the c-statistic. The discrimination of all models is reduced after applying the decision rule. The
c-statistic for the PiPS-A 14-day model (n = 1802) using the decision rule was 0.680 (95% CI 0.655 to
0.705). The c-statistic for the PiPS-A 56-day model (n = 1802) using the decision rule was 0.687 (95% CI
0.666 to 0.708). The c-statistic for the PiPS-B 14-day model (n = 1484) using the decision rule was 0.631
(95% CI 0.602 to 0.659). The c-statistic for the PiPS-B 56- day model (n = 1484) using the decision rule
was 0.735 (95% CI 0.713 to 0.757).

Kaplan–Meier survival curves for PiPS-A and PiPS-B models The performance of the PiPS-A and
PiPS-B models (using the decision rule for combining the 14-day and 56-day models) was further
assessed by plotting Kaplan–Meier survival curves for each of the three risk groups: days, weeks
and months+. The results are shown in Figures 6 and 7. The Kaplan–Meier curves were also redrawn
(Figures 8 and 9) to illustrate the ability of the PiPS-A and PiPS-B models to discriminate between the
three risk categories at the clinically relevant time points of 14 and 56 days.

TABLE 13 Predicted against observed survival categories for PiPS-A using the decision rule

PiPS-A predictions

Observed survival

TotalDays Weeks Months+

Days 159 45 15 219

Weeks 199 377 324 900

Months+ 37 170 476 683

Total 395 592 815 1802

TABLE 14 Predicted against observed survival categories for PiPS-B using the decision rule

PiPS-B predictions

Observed survival

TotalDays Weeks Months+

Days 75 26 16 117

Weeks 157 340 209 706

Months+ 22 144 495 661

Total 254 510 720 1484
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FIGURE 6 Kaplan–Meier curve by PiPS-A predictions.
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FIGURE 7 Kaplan–Meier curve by PiPS-B predictions.
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FIGURE 8 Kaplan–Meier curve by PiPS-A predictions, censored at 56 days. Reference lines show day 14 and day 56.
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Survival times by risk categories The summary statistics of the survival times for the participants
separated by PiPS-A and PiPS-B predictions are shown in Table 15.

The median survival of the patients predicted to die within days (0–13 days), weeks (14–55 days) or
months (≥ 56 days) was in the required range for both PiPS-A and PiPS-B predictions.

Accuracy of PiPS-A and PiPS-B models (using the decision rule) against agreed multiprofessional
estimates of survival The accuracy of the PiPS-A and PiPS-B models (using the decision rule to combine
the 14-day and 56-day models) was compared with the accuracy of AMPESs. These results are shown in
Tables 16 and 17 for PiPS-A and PiPS-B, respectively.

A McNemar’s test was used to compare the proportion of overall patient deaths predicted correctly by
PiPS-A with the corresponding proportion predicted correctly by using an AMPES. There was a statistically
significant (p < 0.001) difference between the percentage of correct AMPESs and the percentage of correct
PiPS-A risk model predictions when compared with the observed deaths. The percentage of correct
AMPESs was higher than the percentage of correct PiPS-A risk categories (using the decision rule).
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FIGURE 9 Kaplan–Meier curve by PiPS-B predictions, censored at 56 days. Reference lines show day 14 and day 56.

TABLE 15 Participant survival times for PiPS-A and PiPS-B risk groups

Variable n

Survival time (days)

25% 50% 75%

PiPS-A

Days 219 2 6 16

Weeks 900 15 35 82

Months 683 43 120 300

Total 1802 16 46 142

PiPS-B

Days 117 4 8 26

Weeks 706 15 31 65

Months 661 55 135 326

Total 1484 21 52 161
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A McNemar’s test was used to compare the proportion of overall patient deaths predicted correctly by
PiPS-B with the corresponding proportion predicted correctly by an AMPES. There was no statistically
significant (p = 0.851) difference between the percentage of correct AMPESs and the percentage of
correct PiPS-B risk categories when compared with the observed deaths. Odds ratios have been
calculated to compare the proportion of overall patient deaths predicted correctly by PiPS-B with the
corresponding proportion predicted correctly by the AMPES. The odds of correctly predicting the patient
death is similar for PiPS-B compared with AMPESs (OR 0.983, 95% CI 0.814 to 1.186). Given that the
clinically important difference (OR 1.28) is not included in this CI, we can conclude that AMPESs are no
better than PiPS-B.

Secondary analyses comparing the accuracy of PiPS-A and PiPS-B risk categories (using the
decision rule) with doctors’ and nurses’ survival predictions In addition to comparing the accuracy
of the PiPS-A and B risk categories with the AMPES, we compared the performance of the risk
categories with doctors’ and nurses’ uni-professional survival estimates. For these secondary analyses
the threshold for statistical significance level was corrected for multiple statistical testing using a
Bonferroni adjustment.43 The threshold for comparison was set at a p-value of 0.007 (i.e. 0.05/7).

Comparison with doctors’ survival estimates
The comparison between the doctors’ survival estimates and those provided by PiPS-A and PiPS-B risk
categories (using the decision rule) is shown in Tables 18 and 19, respectively.

A McNemar’s test was used to compare the proportion of overall patient deaths predicted correctly
by PiPS-A risk categories with the corresponding proportion predicted correctly by the doctors.

TABLE 17 Comparison between PiPS-B risk categories (using the decision rule) and AMPESs

PiPS-B risk categories compared with
observed deaths

AMPES compared with observed deaths

Total (n)
Number (%) of patients when
AMPES was correct

Number (%) of patients when
AMPES was incorrect

Number (%) of patients when PiPS-B
risk category was correct

685 (46.2) 225 (15.2) 910

Number (%) of patients when PiPS-B
risk category was incorrect

229 (15.4) 345 (23.2) 574

Total 914 570 1484

TABLE 16 Comparison between PiPS-A risk categories (using the decision rule) and AMPESs

PiPS-A risk categories compared with
observed deaths

AMPES compared with observed deaths

Total (n)
Number (%) of patients when
AMPES was correct

Number (%) of patients when
AMPES was incorrect

Number (%) of patients when PiPS-A
risk category was correct

762 (42.3) 250 (13.9) 1012

Number (%) of patients when PiPS-A
risk category was incorrect

355 (19.7) 435 (23.6) 790

Total 1117 685 1802
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There was a statistically significant (p = 0.002) difference between the percentage of correct predictions
made by doctors and the percentage of correct PiPS-A risk categories when compared with the
observed deaths. The percentage of doctors’ overall correct predictions was higher than that of the
combined PiPS-A model risk categories (using the decision rule).

A McNemar’s test was used to compare the proportion of overall patient deaths predicted correctly
by PiPS-B risk categories with the corresponding proportion predicted correctly by the doctors.
The percentage of correct predictions made by PiPS-B risk categories and the doctors were similar
and there was no statistically significant (p = 0.191) difference between the percentage of correct
predictions made by doctors and the percentage of correct PiPS-B risk categories when compared
with the observed deaths.

Comparison with nurses’ survival estimates
The comparison between the nurses’ survival estimates and those provided by PiPS-A and PiPS-B risk
categories (using the decision rule) is shown in Tables 20 and 21, respectively.

A McNemar’s test was used to compare the proportion of overall patient deaths predicted correctly by
PiPS-A risk categories with the corresponding proportion predicted correctly by the nurses. There was
no statistically significant (p = 0.036) difference between the percentage of correct predictions made by
nurses and the percentage of correct PiPS-A risk categories when compared with the observed deaths.

A McNemar’s test was used to compare the proportion of overall patient deaths predicted correctly by
PiPS-B with the corresponding proportion predicted correctly by the nurses. There was no statistically
significant (p = 0.085) difference between the percentage of correct predictions made by nurses and
the percentage of correct PiPS-B risk model predictions when compared with the observed deaths.

TABLE 19 Comparison between PiPS-B risk categories (using the decision rule) and doctors’ predictions

PiPS-B risk categories compared
with observed deaths

Doctors’ predictions compared with observed deaths

Total (n)
Number (%) of patients when
doctors’ prediction was correct

Number (%) of patients when
doctors’ prediction was incorrect

Number (%) of patients when
PiPS-B risk category was correct

662 (45.1) 243 (16.5) 905

Number (%) of patients when
PiPS-B risk category was incorrect

215 (14.6) 349 (23.8) 564

Total 877 592 1469

TABLE 18 Comparison between PiPS-A risk categories (using the decision rule) and doctors’ predictions

PiPS-A risk categories compared
with observed deaths

Doctors’ predictions compared with observed deaths

Total (n)
Number (%) of patients when
doctors’ prediction was correct

Number (%) of patients when
doctors’ prediction was incorrect

Number (%) of patients when
PiPS-A risk category was correct

738 (41.5) 263 (14.8) 1001

Number (%) of patients when
PiPS-A risk category was incorrect

338 (19.0) 441 (24.8) 779

Total 1076 704 1780
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Analysis using multiple imputation for missing data in the PiPS-B model
Parts of this section have been reproduced with permission from Stone et al.56 This is an Open Access
article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0)
license, which permits others to distribute, remix, adapt and build upon this work, for commercial use,
provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The text
below includes minor additions and formatting changes to the original text.

The PiPS-B model requires blood test results for its calculation. For patients with capacity to consent, a
blood sample was obtained. For patients without capacity to consent, blood tests results were available
only if the patient had had a blood specimen collected as part of their routine clinical care within
72 hours of study entry. A total of 1610 patients with capacity to consent consented to participate
in the study. A further 61 participants, without capacity, had blood results obtained as part of routine
clinical care. Consequently, we were potentially able to calculate PiPS-B values for a maximum of
1671 participants. In fact, we had the complete data required to calculate PiPS-B model values on
only 1484 patients (1423 participants with capacity to consent and 61 participants without capacity
to consent). Consequently, we had complete PiPS-B data on 89% (1484/1671) of those participants
who were potentially available to have a PiPS-B value calculated.

In the statistical analysis plan we had prespecified that if the proportion of missing data to calculate
the PiPS-B model was > 10% then we would use multiple imputation for the primary analysis of the
PiPS-B model. Given that the proportion of missing data was 11%, we used multiple imputation based
on chained equations to impute missing predictor values.

The imputation model for missing values included the predictors in the PiPS-B risk model, AMTS
(the only predictor of missingness) and centre (given that there was variation in the proportion of
missing data across the centres). Additionally, the intracluster correlation coefficient for the setting

TABLE 20 Comparison between PiPS-A risk categories (using the decision rule) and nurses’ predictions

PiPS-A risk categories compared
with observed deaths

Nurses’ predictions compared with observed deaths

Total (n)
Number (%) of patients when
nurses’ prediction was correct

Number (%) of patients when
nurses’ prediction was incorrect

Number (%) of patients when
PiPS-A risk category was correct

705 (39.3) 304 (16.9) 1009

Number (%) of patients when
PiPS-A risk category was incorrect

358 (19.9) 428 (23.8) 786

Total 1063 732 1795

TABLE 21 Comparison between PiPS-B risk categories (using the decision rule) and nurses’ predictions

PiPS-B risk categories compared
with observed deaths

Nurses’ predictions compared with observed deaths

Total (n)
Number (%) of patients when
nurses’ prediction was correct

Number (%) of patients when
nurses’ prediction was incorrect

Number (%) of patients when
PiPS-B risk category was correct

644 (43.5) 263 (17.8) 907

Number (%) of patients when
PiPS-B risk category was incorrect

225 (15.2) 347 (23.5) 572

Total 869 610 1479
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was 0.21 (95% CI 0.05 to 0.57). We used Rubin’s rules to combine the performance measures for the
c-statistic, CiL and CS. For the McNemar’s test using the imputed data sets it was necessary to pool
the p-values. We used the methods proposed by Rubin57 and extended by Li et al.58

We used 10 imputed data sets. Predictive mean matching imputation was used for the continuous and
ordinal values and logistic regression was used for the binary outcomes. To represent the centres we
used the setting (inpatient, community or hospital).

Discriminatory ability of PiPS-B using imputed data
The discriminatory ability of the PiPS-B models was assessed using the c-statistic. Separate c-statistics
were calculated for the weeks and the months+ models. For the PiPS-B 14-day model the c-statistic
was 0.836 (95% CI 0.810 to 0.861). For the PiPS-B 56-day model the c-statistic was 0.808 (95% CI
0.787 to 0.829). The results are very similar to those obtained using the complete data sets without
imputation. The discrimination of both models was excellent.55

Calibration of PiPS-B 14-day and 56-day models using imputed data The calibration of the prognostic
models was assessed using the CiL and CS based on a logistic regression model fitted to the validation
data using the predicted log-odds as the only predictor. The CiL and CS are shown in Table 22.

Accuracy of PiPS-B risk categories (using the decision rule and with imputed data) against agreed
multiprofessional estimates of survival
McNemar’s test was used to compare the proportion of overall patient deaths predicted correctly by
PiPS-B risk categories (in the imputed data set) with the corresponding proportion predicted correctly
by AMPES. There was no statistically significant (p = 0.875) difference between the proportion of patient
deaths predicted correctly by PiPS-B risk categories (using the decision rule) and the corresponding
proportion predicted correctly by AMPES. The 2 × 2 tables are not presented because the results are
based on the calculation of the p-value across 10 imputed data sets.

Secondary analysis of the validation study
As part of the secondary analyses, we investigated the agreement between each PiPS model’s
predictions, the AMPES and actual survival (using linearly weighted Cohen’s kappa). We also validated
the other risk models (PaP, FPN, PPI and PPS).

Secondary analysis of PiPS models
Table 23 provides a comparison of the AMPES and the model risk categories with observed survival.
This shows that AMPESs were correct on 1134 out of 1831 (61.9%) occasions and that incorrect
AMPESs tended to be overoptimistic (503 estimates; 27.5%). PiPS-A risk categories were correct on
1012 out of 1802 (56.2%) occasions and incorrect PiPS-A risk categories also tended to be overoptimistic
(406 estimates; 22.5%). PiPS-B model risk categories were correct on 910 out of 1484 (61.3%) occasions
and incorrect PiPS-B risk categories also tended to be overoptimistic (323 estimates; 21.8%).

Linear weighted kappa has been used to compare the performance of the AMPES against actual
survival with that of the PiPS-A and PiPS-B risk categories against actual survival. For the PiPS-A risk
categories, the agreement with actual survival was 76.6%, the expected agreement was 61.2% and

TABLE 22 Calibration in the large and CS for PiPS-B using the imputed data set

Variable CiL (95% CI) CS (95% CI)

14 days (‘2 weeks’) –0.266 (–0.419 to –0.114) 0.792 (0.689 to 0.895)

56 days (‘2 months’) 0.145 (0.030 to 0.261) 0.900 (0.798 to 1.00)
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the kappa was 0.398 [standard error (SE) 0.018]. For the PiPS-B risk categories, the agreement with
actual survival was 79.4%, the expected agreement was 63.9% and the kappa was 0.43 (SE 0.02).
For the AMPES, the agreement with actual survival was 79.8%, the expected agreement was 61.0%
and the kappa was 0.48 (SE 0.02).

The kappa value shows that there is a moderate strength of agreement between the PiPS risk categories
and actual survival as well as between the AMPES and actual survival.

The c-statistic, CS and CiL were initially estimated without taking into account the potential patient
clustering in each setting. In a secondary analysis, these performance measures have been calculated
for each setting separately (Tables 24–26).

For both models, the discriminatory ability is lowest in the hospital setting. The number of non-events
(deaths) was small in the community setting. The number of participants was very small in the
hospital setting.

A risk model is considered to be well calibrated if the CS is close to 1. The CS varies across the three
settings. PIPS-B14 showed a degree of overfitting for all settings. The PiPS-A56 and PiPS-B56 models
are not well calibrated in the hospital setting.

The participants’ characteristics in the development and validation sample were compared (Table 27).
A greater proportion of participants had capacity to consent in the validation sample than in the
development sample (87.8% vs. 76.1%, respectively). A greater proportion of participants in the
validation sample than in the development sample were recruited from the community (25.5% vs. 12.1%,
respectively) and fewer participants were recruited from the hospital (6.8% vs. 17.9%, respectively).
In the validation sample, 10% of the patients were receiving chemotherapy treatment compared with

TABLE 23 Comparing the observed survival with AMPES and the PiPS risk categories

Variable

Observed survival, n (%)

Total (n)Days Weeks Months

AMPES

Days 154 (81.9) 28 (14.9) 6 (3.2) 188

Weeks 215 (30.9) 321 (46.1) 160 (23) 696

Months 36 (3.8) 252 (26.6) 659 (69.6) 947

Total 405 (22.1) 601 (32.8) 825 (45.1) 1831

PiPS-A model risk categories

Days 159 (72.6) 45 (20.6) 15 (6.9) 219

Weeks 199 (22.1) 377 (41.9) 324 (36) 900

Months 37 (5.4) 170 (24.9) 476 (69.7) 683

Total 395 (21.9) 592 (32.9) 815 (45.2) 1802

PiPS-B model risk categories

Days 75 (64.1) 26 (22.2) 16 (13.7) 117

Weeks 157 (22.2) 340 (48.2) 209 (29.6) 706

Months 22 (3.3) 144 (21.8) 495 (74.9) 661

Total 254 (17.1) 510 (34.4) 720 (48.5) 1484
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TABLE 26 Calibration slope using predicted prognostic index for PiPS-A and PiPS-B risk models by setting and pooled
across the settings

Model

Setting

Inpatient Community Hospital

n (number
of events) CS (95% CI)

n (number
of events) CS (95% CI)

n (number
of events) CS (95% CI)

PiPS-A14 1214 (864) 0.932
(0.808 to 1.056)

465 (449) 0.833
(0.427 to 1.239)

123 (94) 0.714
(0.357 to 1.07)

PiPS-A56 1215 (383) 0.809
(0.678 to 0.939)

465 (378) 0.865
(0.616 to 1.113)

123 (54) 0.265
(–0.055 to 0.586)

PiPS-B14 981 (760) 0.75
(0.625 to 0.874)

408 (394) 0.638
(0.356 to 0.92)

109 (85) 0.721
(0.366 to 1.076)

PiPS-B56 977 (341) 0.749
(0.621 to 0.876)

409 (337) 0.94
(0.687 to 1.193)

112 (49) 0.489
(0.163 to 0.815)

TABLE 25 C-statistic using the predicted survival at ≥ 14 days and ≥ 56 days for PiPS-A and PiPS-B models to validate
the decision rule created from the PiPS models by setting

Model

Setting

Inpatient Community Hospital

n (number
of events)

c-statistic
(95% CI)

n (number
of events)

c-statistic
(95% CI)

n (number
of events)

c-statistic
(95% CI)

PiPS-A14 1214 (864) 0.625
(0.597 to 0.653)

465 (449) 0.677
(0.62 to 0.733)

123 (94) 0.56
(0.478 to 0.642)

PiPS-A56 1215 (383) 0.619
(0.588 to 0.65)

465 (378) 0.672
(0.542 to 0.803)

123 (54) 0.664
(0.562 to 0.765)

PiPS-B14 981 (760) 0.679
(0.648 to 0.71)

408 (394) 0.720
(0.659 to 0.78)

109 (85) 0.623
(0.535 to 0.711)

PiPS-B56 977 (341) 0.679
(0.652 to 0.706)

409 (337) 0.559
(0.475 to 0.643)

112 (49) 0.651
(0.561 to 0.742)

TABLE 24 C-statistic using predicted probability of survival using PiPS-A and PiPS-B models by setting and pooled
across settings

Model

Setting

Inpatient Community Hospital

n (number
of events)

c-statistic
(95% CI)

n (number
of events)

c-statistic
(95% CI)

n (number
of events)

c-statistic
(95% CI)

PiPS-A14 1214 (864) 0.797
(0.770 to 0.825)

465 (449) 0.782
(0.678 to 0.886)

123 (94) 0.735
(0.624 to 0.846)

PiPS-A56 1215 (383) 0.733
(0.704 to 0.762)

465 (378) 0.738
(0.676 to 0.799)

123 (54) 0.563
(0.46 to 0.665)

PiPS-B14 981 (760) 0.808
(0.776 to 0.841)

408 (394) 0.790
(0.642 to 0.939)

109 (85) 0.793
(0.68 to 0.906)

PiPS-B56 977 (341) 0.755
(0.723 to 0.786)

409 (337) 0.810
(0.755 to 0.864)

112 (49) 0.684
(0.584 to 0.784)
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TABLE 27 Participant characteristics in the development sample and validation sample

Variable Development sample (%) Validation sample (%)

Capacity to consent 76.1 87.8

Gender: male 54.7 51.2

Location

IPCU 68.9 67.7

CPCT 12.1 25.5

HPCT 17.9 6.8

Other 2.5 –

Site of primary tumour

Breast 7.3 8.0

Lung 23.4 19.8

Prostate 7.0 8.7

Urological (bladder, testes, renal) 6.7 6.1

Haematological 3.5 3.8

Digestive organs (upper/lower gastrointestinal tract) 30.0 33.7

Head and neck 3.2 4.4

Gynaecological 5.1 7.3

Neurological 3.7 2.1

Rare tumour/unknown/other 10.1 10.7

Site of metastatic diseases

Liver 27.1 29.4

Lung 20.9 26.0

Bone 26.3 30.3

Brain 8.8 7.3

Skin 2.0 2.0

Nodal 20.5 28.2

Adrenal 2.5 4.3

Ascites 6.7 5.2

Pleural effusion 4.9 5.4

Other/unknown 8.1 22.6

None 32.8 16.3

Currently receiving tumour therapy

Chemotherapy 0.0 10.4

Radiotherapy 3.1 6.4

Hormone therapy 9.9 4.1

Other tumour-directed therapy (e.g. immunotherapy) 0.0 2.3

Survival

Days 27.6 22.1

Weeks 33.1 32.8

Months 39.3 45.1
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none in the development sample. There was a smaller proportion of participants in the validation sample
than in the development sample who died within days (22.1% vs. 27.6%, respectively) and a greater
proportion of participants who died within months (45.1% vs. 39.3%, respectively). There was a smaller
proportion of participants with anorexia in the validation sample than in the development sample (52.9%
vs. 65.6%, respectively). There was a greater proportion of participants with dyspnoea in the validation
sample than in the development sample (35.6% vs. 27.6%, respectively). There was a smaller proportion
of people with very poor health (as measured by the general health status) in the validation sample than
in the development sample (7.9% vs. 12.3%, respectively).

Validation of other prognostic models
As part of the secondary analyses we also investigated the prognostic performance of other models
and (where possible) compared their performance with the predictions of clinicians.

Palliative Prognostic score
The PaP score categorises patients into one of three risk groups to predict 30-day survival: A (> 70%
probability of surviving 30 days), B (30–70% probability of surviving 30 days) and C (< 30% probability
of surviving 30 days). Higher scores predict shorter survival. The PaP score is generated by applying a
weighted score to each of six variables (i.e. CPS, KPS, anorexia, dyspnoea, total white blood cell count
and lymphocyte percentage). There were survival data available for 1592 patients with PaP scores
recorded. There were 794 (49.1%) study participants in risk group A, 655 (41.1%) in risk group B and
143 (9.0%) in risk group C.

TABLE 27 Participant characteristics in the development sample and validation sample (continued )

Variable Development sample (%) Validation sample (%)

AMTS

< 4 23.1 11.4

≥ 4 76.9 88.6

Anorexia 65.6 52.9

Dysphagia 28.8 30.3

Dyspnoea 27.6 35.6

Fatigue 86.7 88.3

Weight loss 69.4 65.2

ECOG performance status grade

0 0.2 0.8

1 8.0 11.0

2 21.3 28.4

3 42.9 44.9

4 27.7 14.9

General health status (overall health)

1 (very poor) 12.3 7.9

2 15.2 22.7

3 33.1 37.3

4 28.6 19.1

5 9.3 9.9

6 1.6 2.7

7 (excellent) 0.0 0.4
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Kaplan–Meier survival curves The discrimination of the PaP was investigated by plotting survival
curves for each risk group, which are shown in Figure 10.

Survival times by Palliative Prognostic score risk categories The median survival for patients for
whom PaP scores were available was 51 days (IQR 21–151 days). The median survival for risk group A
was 121 days (IQR 49–289 days). The median survival for risk group B was 28 days (IQR 14–60 days).
The median survival for risk group C was 7 days (IQR 4–19 days).

Because PaP is specifically designed to predict survival at 30 days, we also calculated the number of
participants in each risk group who were observed to survive 30 days. For risk group A, the observed
proportion of patients actually surviving ≥ 30 days was 86.5% (687/794). For risk group B, the
observed proportion of patients actually surviving ≥ 30 days was 46.8% (306/655). For risk group C,
the observed proportion of patients actually surviving ≥ 30 days was 15.4% (22/143).

It was not possible to compare PaP predictions against agreed multiprofessional estimates of 30-day
survival, because these data were not collected. However, Table 28 provides a comparison of clinicians’
predictions of 30-day survival with the PaP predictions.

Comparison between Palliative Prognostic score predictions and clinicians’ predictions of survival It is
not possible to make a straightforward comparison between the accuracy of the PaP score and the
accuracy of clinicians’ predictions. This is because, for any individual, the PaP provides a prognostic
output that is a broad range of survival probabilities and it does not make a categorical prediction about
whether or not the patient will or will not survive for 30 days.

Feliu Prognostic Nomogram
The FPN uses five variables (ECOG performance status, serum albumin concentration, LDH concentration,
lymphocyte counts and TTD) to predict the probability of survival at 15, 30 and 60 days.

Discriminatory ability of Feliu Prognostic Nomogram The discriminatory ability was assessed using
Harrell’s c-index. For the FPN model, the c-index was 0.684 (95% CI 0.669 to 0.700; n = 1432), which
is somewhat low.
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FIGURE 10 Kaplan–Meier survival curves for PaP risk groups. This figure has been reproduced with permission from
Stone et al.59 This is an Open Access article distributed in accordance with the terms of the Creative Commons
Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work, for commercial
use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The figure includes
minor additions and formatting changes to the original figure.
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Calibration of Feliu Prognostic Nomogram The CS for the FPN model is 1.049 (95% CI 0.939 to 1.158),
which is well calibrated.

Comparison between Feliu Prognostic Nomogram predictions and clinicians’ predictions of
survival Because the FPN provides a probabilistic rather than a temporal prediction of survival, it is
not possible to make a straightforward comparison between the accuracy of the FPN prediction and
the accuracy of AMPESs.

Palliative Prognostic Index
The PPI is calculated using five clinical variables (PPS, oral intake and the presence or absence of
dyspnoea, oedema and delirium). The model stratifies into three groups: survival of < 3 weeks (score
of > 6), survival of < 6 weeks (score of > 4) and survival of > 6 weeks (score of ≤ 4). In our patient
population, 501 (49.2%) participants had a PPI score of > 6, 428 (23.4%) had a score of > 4 and
900 (49.2%) had a score of ≤ 4.

Kaplan–Meier survival curves for Palliative Prognostic Index The discrimination of the PPI was
investigated by plotting Kaplan–Meier survival curves for each risk group, which are shown in Figure 11.

Survival times by Palliative Prognostic Index risk categories The median survival of patients in the
PPI risk group that predicts survival of less than 3 weeks was 16 days (IQR 2–52 days). The median
survival of patients in the PPI risk group that predicts survival of less than 6 weeks was 38 days
(IQR 15–106 days). The median survival of patients in the PPI risk group that predicts survival of more
than 6 weeks was 79 days (IQR 32–219 days).
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FIGURE 11 Kaplan–Meier survival curves for PPI predictions by risk group. This figure has been reproduced with
permission from Stone et al.59 This is an Open Access article distributed in accordance with the terms of the Creative
Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work,
for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
The figure includes minor additions and formatting changes to the original figure.

TABLE 28 Comparison between clinicians’ predictions and PaP risk groups

PaP risk group

Clinicians’ predictions (n)

Total (n)> 70% 30–70% < 30%

> 70% (score 0–5.5) 627 157 3 787

30–70% (score 5.6–11.0) 156 396 93 645

< 30% (score 11.1–17.5) 1 31 109 141

Total 784 584 205 1573
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The median survival of the patients predicted to die within 3 weeks, within 6 weeks or after 6 weeks
was in the required range.

Discriminatory ability of Palliative Prognostic Index The discriminatory ability of the models has been
assessed using the c-statistic. Separate c-statistic have been calculated using predicted survival for
3 weeks and 6 weeks to validate the PPI model. For the PPI risk category predicting survival of less
than 3 weeks (n = 1829), the c-statistic was 0.675 (95% CI 0.652 to 0.699). For the PPI risk category
predicting survival of more than 6 weeks (n = 1829), the c-statistic was 0.655 (95% CI 0.633 to 0.676).

Comparison of clinicians’ predictions and Palliative Prognostic Index predictions with actual
survival Table 29 provides a comparison of the clinicians’ predictions and the model predictions with
observed survival.

Overall, the PPI correctly predicted the outcome on 991 out of 1829 (54.2%) occasions and the doctor’s
estimate was correct on 1137 out of 1809 (62.9%) occasions. Table 30 shows a direct comparison
between the number of correct predictions made by PPI and by the clinicians.

There was a statistically significant (p < 0.001) difference between the proportion of overall patient
deaths predicted correctly by PPI and the corresponding proportion predicted correctly by the clinicians.
The clinicians had a higher percentage of correct predictions than the PPI model.

TABLE 29 Comparison between PPI and clinicians’ predictions and observed survival

Variable

Observed survival (n)

Total (n)< 3 weeks < 6 weeks > 6 weeks

PPI predictions

< 3 weeks 280 75 146 501

< 6 weeks 130 99 199 428

> 6 weeks 127 161 612 900

Total 537 335 957 1829

Clinicians’ predictions

< 3 weeks 196 25 15 236

< 6 weeks 140 72 69 281

> 6 weeks 186 237 869 1292

Total 522 334 953 1809

TABLE 30 Comparison between accuracy of PPI predictions and accuracy of clinicians’ predictions

PPI predictions compared with
observed deaths

Clinicians’ predictions compared with observed deaths

Total (n)Clinician was correct, n (%) Clinician was incorrect, n (%)

PPI was correct (%) 738 (40.8) 239 (13.2) 977

PPI was incorrect (%) 398 (22.0) 432 (23.9) 830

Total 1136 671 1807
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Palliative Performance Scale
The PPS is a measure of functional status and is one of the variables included in the PPI score. The PPS is
scored by health-care professionals and consists of 10 categories. A score of 10% represents the poorest
functional status (totally bed-bound, unable to do any activity, mouth care only and drowsy or in a coma).
A score of 100% represents the best functional status (full ambulation, normal activity and work with no
evidence of disease, able to take care of themselves, normal intake of food and full conscious level).

Variation of Palliative Performance Scale scores among participants The PPS scores for the
participants are shown in Table 31. Just under half of the participants (n= 873; 27.6%) scored 50–60%. At
60%, the PPS score represents reduced ambulation, significant disease, occasionally needs assistance for
self-care, normal or reduced food intake and full or confused conscious level. At 50%, the PPS score
represents mainly sitting and lying, extensive disease (meaning that they are unable to do any work),
considerable assistance required for self-care, normal or reduced food intake and full or confused
conscious level.

Discriminatory ability of the Palliative Performance Scale The discriminatory ability of the PPS as a
prognostic tool was assessed by plotting the Kaplan–Meier survival curve for each of the PPS levels
(Figure 12).

The median survival for each PPS level is shown in Table 32. With the exception of PPS level 100%
(for which there were too few participants to judge), the median survival of each group increased in
the expected direction as the performance status improved.

Comparison between Palliative Performance Scale and clinicians’ predictions of survival The PPS
was not specifically developed as a prognostic tool, although it has previously been used to categorise
patients into prognostic groups.20 It is therefore not possible to make a straightforward comparison
between the accuracy of the PPS prediction and the accuracy of clinicians’ predictions.

Results of nested qualitative substudy

Parts of this section have been reproduced with permission from Stone et al.56 This is an Open Access
article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0)
license, which permits others to distribute, remix, adapt and build upon this work, for commercial use,
provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The text
below includes minor additions and formatting changes to the original text.

TABLE 31 Number of participants in each of the PPS categories

PPS score (%) n (%)

10 60 (3.3)

20 78 (4.3)

30 138 (7.6)

40 273 (14.9)

50 493 (27.0)

60 376 (20.6)

70 265 (14.5)

80 109 (6)

90 33 (1.8)

100 2 (0.1)
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Data were collected between April 2017 and July 2018. Semistructured interviews were conducted with
a purposive sample of patients, carers and clinicians to determine the acceptability of using prognostic
indicators and barriers to and facilitators of clinical use.

Description of participants

Patients
A total of 29 patients were recruited to the qualitative substudy. Patients’ demographic details are shown
in Table 33. The majority of patients (25/29; 86%) were recruited from two hospices in the Greater
Manchester area. Patients had received a cancer diagnosis and were eligible for enrolment into the PiPS2
clinical study (i.e. estimate of survival for > 1 year). Five of the patients interviewed had declined to take
part in the clinical study and their reasons for refusal were explored during the interview. Four patients
were recruited from hospital day care and were receiving palliative care in a rural community trust.

TABLE 32 Summary statistics of the survival of participant separated by the PPS levels

PPS score (%) n

Survival time (days)

25% 50% 75%

10 60 1 2 4

20 78 3 6 16

30 138 7 20 42

40 273 10 24 69

50 493 19 40 97

60 376 28 65 172

70 265 44 99 284

80 109 85 186 477

90 33 135 252 568

100 2a 161 161 –

a Too few participants to judge survival times.

0 200 400 600 800
Time (days)

10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

1.00

0.75

0.50

0.25

0.00

C
u

m
u

la
ti

ve
 s

u
rv

iv
al

FIGURE 12 Kaplan–Meier curve by PPS level. This figure has been reproduced with permission from Stone et al.59 This is
an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0)
license, which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the
original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The figure includes minor additions and
formatting changes to the original figure.
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Carers
A total of 20 carers were interviewed in the qualitative substudy. The majority of carers (17/20) were
recruited from the two hospices in the Greater Manchester area. The remaining three carers were recruited
from the rural community trust. All were relatives of patients recruited to the study. Most participants
cared for patients who had consented to participate in the PiPS validation study and four carers were
recruited from patients who had declined to participate. Carers’ demographic details are shown in Table 34.

TABLE 33 Patients’ demographic details

ID Gender Age (years) Primary tumour Former occupation Setting
In validation
study

P1 Male 70 Liver Salesman Hospice Yes

P2 Female 85 Stomach Carer Hospice Yes

P3 Male 76 Prostate Joiner Hospice Yes

P4 Female 61 Breast Chef Hospice Yes

P5 Male 61 Rectum Manager Hospice Yes

P6 Female 63 Ovary Teacher Hospice Yes

P7 Female 71 Skin Teacher Hospice Yes

P8 Male 63 Pancreas Accountant Hospice Yes

P9 Male 80 Lung Printer Hospice Yes

P10 Male 81 Prostate Manager Hospice Yes

P11 Male 70 Bile duct Engineer Hospice Yes

P12 Male 63 Throat Researcher Hospice Yes

P13 Female 80 Lymphoma Tailor Hospice Yes

P14 Female 67 Pancreas HSE inspector Hospice Yes

P15 Female 61 Bladder Receptionist Hospice Yes

P16 Female 84 Colon IT worker Hospice Yes

P17 Male 64 Myeloma Police officer Hospice Yes

P18 Male 65 Oesophagus Mill worker Hospice Yes

P19 Male 79 Lung Boiler worker Hospice Yes

P20 Male 88 Prostate Manager Hospice Yes

P21a Female 92 Lymphoma Housewife Hospice No

P22a Male 73 Colon Carer Hospice No

P23a Male 58 Oesophagus Accountant Hospice No

P24a Female 60 Uterus Housewife Hospice No

P25a Female 69 Breast Housewife Hospice No

P26 Female 85 Neck Researcher Day care Yes

P27 Female 72 Lung Secretary Day care Yes

P28 Male 62 Bowel Engineer Day care Yes

P29 Male 69 Prostate Financial advisor Day care Yes

HSE, Health and Safety Executive; ID, identifier; IT, information technology.
a Patient was interviewed but declined to take part in the validation study because they were not willing to give a

blood sample.
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Clinicians
A total of 32 clinicians were recruited into the qualitative substudy. Clinicians’ demographic details are
shown in Table 35.

Findings
The patient and carer results are presented together, followed by the results of the interviews with the
health-care professionals.

Patient and carer interviews
The primary aim of the nested qualitative research study was to assess the acceptability of the prognostic
models to patients, carers and clinicians. The secondary objectives were to understand how clinicians
discuss prognostic information with patients and relatives/carers from both the patients’ and clinicians’
perspectives. The main themes identified from analysis of the patient and carer interviews were desire
for detailed prognostic information, acceptability of PiPS predictor models and preferred presentation
of sensitive information.

TABLE 34 Carers’ demographic details

ID Gender Age (years)
Relationship to
patient

Occupation/former
occupation Setting

Patient in
validation study

C1 Female 42 Daughter Unemployed Hospice Yes

C2 Female 67 Daughter Company director Hospice Yes

C3 Female 32 Daughter Administrative clerk Hospice Yes

C4 Female 48 Daughter-in-law Carer Hospice Yes

C5 Female 63 Daughter Personal assistant Hospice Yes

C6 Female 78 Wife Teacher Hospice Yes

C7 Female 35 Wife Housewife Hospice Yes

C8 Female 86 Wife Shop owner Hospice Yes

C9 Male 59 Son Entrepreneur Hospice Yes

C10 Female 46 Daughter Carer Hospice Yes

C11 Female 60 Daughter Nurse Hospice Yes

C12 Female 65 Daughter NHS administrative
clerk

Hospice Yes

C13 Female 53 Daughter Secretary Hospice Yes

C14 Female 75 Wife Seamstress Hospice No

C15 Male 50 Son Builder Hospice No

C16 Male 65 Brother Engineer Hospice No

C17 Male 64 Son Engineer Hospice No

C18 Female 56 Wife Secretary Day care Yes

C19 Male 63 Husband Roofer Day care Yes

C20 Female 62 Wife Book-keeper Day care Yes

ID, identifier.
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TABLE 35 Health-care professionals’ demographic details

ID number Gender Age (years) Professional group/grade

H1a Female 28 Staff nurse (band 5)

H2a Female 23 Staff nurse (band 5)

H3a Female 25 Staff nurse (band 5)

H4 Male 38 GP

H5 Male 29 Trainee doctor (F2)

H6 Female 34 Trainee doctor (F1)

H7 Male 42 Consultant (palliative care)

H8 Female 50 Associate specialist (palliative care)

H9 Male 39 GP

H10 Male 32 GP

H11 Female 47 GP

H12 Female 50 GP

H13 Male 45 Consultant (palliative care)

H14 Male 57 Consultant (palliative care)

H15 Male 28 Trainee doctor (F2)

H16 Female 30 Specialist trainee doctor (palliative care)

H17 Female 30 Specialist trainee doctor (palliative care)

H18 Female 30 GP

H19 Female 34 GP

H20 Male 48 Consultant oncologist

H21 Female 36 Specialist palliative care nurse (band 7)

H22 Female 45 Specialist palliative care nurse (band 7)

H23 Female 42 Consultant (palliative care)

H24 Female 44 Consultant (palliative care)

H25 Female 31 Trainee doctor (F2)

H26 Female 54 Associate specialist (palliative care)

H27 Female 45 Consultant (palliative care)

H28 Female 46 Consultant oncologist

H29 Female 39 Consultant (palliative care)

H30 Female 45 Consultant (palliative care)

H31 Male 44 Consultant (palliative care)

H32 Female 50 Specialist community practitioner (district nurse)

ID, identifier.
a Interviewed at the beginning of the study to pilot the topic guide. Their data were not included in the findings

because they are not routinely involved in prognostication.
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Desire for detailed patient prognostic information
The majority of patients and carers expressed a desire for detailed information from doctors about life
expectancy. Few reported that they had received this information, however, and reported that what
information was given was not expressed clearly. A number of patients who said that they had asked
about their life expectancy commented that doctors tended to be vague, overoptimistic and unwilling
to deliver news that was considered bad or uncertain:

Whenever I have asked doctors about my prognosis, nearly everybody’s been vague, to be honest. I know
that I’m going, but I want to know, even now, have I got a couple of weeks, a couple of months, the end
of the year? I certainly know it isn’t anything further than that, but nobody dare tell me. I think doctors
tend to be optimistic, I’d rather they would be more realistic.

P8: male patient aged 63 years (hospice)

Doctors are reluctant to give estimates of survival, their approach is very uncommunicative. When the
prognosis is negative, you have to really probe and ask lots of questions, doctors would rather get out of
giving you negative information altogether. I think it’s because they don’t want to give people bad news.

P5: male patient aged 61 years (hospice)

The specialist said to me it won’t be that long. Now, what does long mean, it’s a piece of string, isn’t it?
I think they’re [doctors] very reluctant to say, ‘oh you’ve got 6 months’, and then you drop dead the following
day. I would say the specialist was being extremely vague. He said, ‘it will kill you’, but he didn’t say when.

P3: male patient aged 76 years (hospice)

It is noteworthy that the first quotation seems to confirm our choice of presenting information in
terms of days, weeks or months. A number of carers commented that, even if it was not shared with
the patient, they would have preferred more detailed prognostic information. They described that they
found clinicians reluctant to give a definite answer:

Nobody told him whether he’d got a week, a month or a year to live. They [the oncologist] just said the
cancer was bad and we were just in shock because nobody could tell us what time my husband had left,
the oncologists are reluctant to say, but I think as individuals you need some idea.

C18: female carer aged 56 years (community)

I was told that Mum had less than a year to live and that was 12 months ago . . . Mum wouldn’t want to
know how long she has, plus she gets a bit confused, but the family would like more detailed information
about her prognosis.

C2: female carer aged 67 years (hospice)

The main reason that both patients and carers gave for wanting more detailed prognostic information
was to make plans and sort out family affairs. This related to sorting out individual and family finances
and making funeral arrangements:

I said right from the start, if it’s terminal, tell me. I’d rather know so plans can be made and things can be put
into place. I mean, I’m going to leave a wife behind so I wanted to get myself and my finances sorted out.

P29: male patient aged 69 years (community)

My husband has just turned 40 and is now on his seventh month without any treatment. The hardest
part is the not knowing how long he has got. I think if I had a rough idea I think that would make things
a little bit easier for me, with regards to organising his affairs and planning his funeral. But I am still in
limbo, it could be next week or it could be 6 months.

C7: female carer aged 35 years (hospice)
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A minority of patients explained that they did not want to discuss their life expectancy with clinicians.
The main reason was that they preferred not to feel anxious or upset during the time they had left;
in the following example, the patient was very elderly and did not have much time left irrespective of
her advanced disease:

I would rather not know when I am going to go . . . I’ve lived a long life and I think I’d probably be more
anxious, if I knew exactly when.

P21: female patient aged 92 years (hospice)

However, where patients did not want detailed prognostication, there was evidence in the carers’ data
that patients were happy for relatives to receive it:

My wife doesn’t want to know what time she has left, she doesn’t, but we decided that I should be given
detailed prognostic information.

C19: male carer aged 63 years (community)

One community care patient explained that his reluctance to discuss his prognosis was because he
considered that he was still fighting his cancer, although the quotation perhaps also reveals his
insight into his condition and the tension this represents for many patients between knowing and
not knowing:

My doctor asked if I wanted to know my prognosis, but I said I didn’t. I know I have a life-limiting
condition and I am still fighting the cancer, I am not ready to give up and think about my prognosis just
yet. It is not the right time for me to be discussing my life expectancy.

P28: male patient aged 62 years (community)

The quotations on this theme clearly indicate that, for most patients, prognostic information is
considered helpful, but there is likely to be a minority of patients who, for a number of reasons, do not
wish to know.

Acceptability of PiPS predictor models
All participants considered that the PiPS models were acceptable for use in clinical practice and a useful
aid in helping clinicians to more accurately predict life expectancy:

I think the tool is useful as it gives an indication of time left for people, however accurate it might be, that
doctors can then pass on. At least it’s not this big open space that I have at the moment, the tool would
help narrow the time frame, at least to give patients like me some idea.

P7: female patient aged 71 years (hospice)

I think developing this tool is massively needed. I’ve found the hardest part of going through all of this is
the not knowing. I’m always asking, ‘can you tell me how long?’, and everybody says the same thing:
‘sadly, we can’t’. We were given a rough estimation, like, obviously 12 months being the longest survival
rate from the oncologist, and we are actually past that now.

C7: female carer aged 35 years (hospice)

Patients and carers also considered that the PiPS model could help doctors initiate sensitive conversations
with patients and carers about prognostication, potentially helping them to overcome their reported
reluctance to do so (as cited in the context of the previous theme):

At the end of the day, doctors leave patients to ask about prognostic information because they [doctors]
don’t want to volunteer the uncertainty. Any tool that helps must be useful for all concerned, especially in
helping doctors explain this sort of information to patients.

P22: male patient aged 73 years (hospice)
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I think the tool would be useful to help doctors start that sort of conversation about time left for people.
I have felt that it is treated as a big secret, as if they [doctors] feel embarrassed to tell you or don’t know
what to say. But I think if you’ve got something saying, look, we’ve had a look at this tool and it says maybe
it’s months not years, you know, a bit of power to your elbow is always useful, isn’t it?

P15: female aged 61 years (hospice)

These are insightful comments from the patients and a theme that resonates with doctors’ concerns.
We return to this theme when considering the views of the health-care professionals.

Presentation of sensitive information
Patients and carers agreed that the most appropriate way of receiving prognostic information was
during face-to-face discussions and that this should be verbal rather than written:

I’ve had a number of face-to-face discussions with my doctors about my cancer and prognosis. I know
talking about dying is a sensitive topic, it is part of life, I’ve accepted it.

P27: female patient aged 72 years (community)

I don’t think it is a good idea to show patients any written information about their prognosis, I think it
could make people feel very anxious. I also think showing patients’ information about their probability of
survival is hard for people to grasp. It could be very stressful for some, especially if they have a more
negative outlook on things.

C1: female carer aged 42 years (hospice)

When having these conversations, patients and carers preferred doctors to convey prognostic information
truthfully, honestly and sensitively. Participants confirmed that life expectancy presented as days, weeks
or months was most meaningful to them:

I’d just like to know truthfully how quickly this is going to affect me . . . how soon am I going to get to
the stage where I can’t swallow at all; what’s going to happen, when I’m going to die? I want to be well
informed about the different stages.

P26: female aged 85 years (community)

Rather than being given statistical information about my husband’s time left, I’d rather doctors say to me,
it’s days or weeks, rather than there’s a 50% chance he will still be here in 2 months. It’s just clearer to
understand that way for me.

C7: female carer aged 35 years (hospice)

I’d personally go for the actual weeks, days, years, sort of number rather than percentages or a significant
event, it’s more informative.

P27: female patient aged 72 years (community)

These data lend support to our presentation of PiPS results as days, weeks or months, although, overall,
there appears to be misunderstanding among patients and carers about the ability of PiPS to predict
longer survival. The scope and limits of PiPS would need to be clearly explained by clinicians.

Clinician interviews
The main themes identified from analysis of the clinicians’ interviews were (1) challenges and
difficulties with predicting length of survival, (2) language used when discussing prognosis,
(3) reasons for overestimating prognosis, (4) clinicians’ acceptability of PiPS models, (5) facilitators
of use in clinical practice, (6) barriers to use in clinical practice and (7) clinicians’ views on existing
prognostic models.
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Challenges and difficulties with predicting length of survival
All clinicians commented on the complex nature of estimating length of survival for patients with
advanced cancer and many found it difficult. A number of clinicians described how difficult it was to
predict survival in ‘well’ patients who had not started to deteriorate. The following quotes are from
two trainee doctors:

In the past I’ve found it extremely difficult to give prognostic information, especially when working in
a hospital, as it seems more unpredictable and you are not really working in a specific palliative care
environment, you do sometimes feel a bit lost with these kinds of conversations.

H15: trainee doctor (F2)

I think it’s difficult to predict exactly when someone is going to die and I think you do have to sort of
explain about uncertainties to people because I know from talking to patients, in the past the oncologist
may have said ‘oh, you’ve got 6 months’, and then 6 weeks later patients find themselves in a hospice
and they’re dying.

H6: trainee doctor (F1)

Interestingly, this view was supported by more senior clinicians:

I find predicting length of survival extremely difficult. I think once there’s a change in somebody’s health
condition it’s certainly a lot easier, because then you’ve got a reason to suspect that they may well be
deteriorating. If somebody continues in a stable disease phase without the presence of imaging, I think it’s
difficult to prognosticate.

Consultant (palliative care), ID number H24

If somebody has other aspects of their general condition that shows they’re in decline, then it’s easy to
give an estimation of time left because you’ve got some benchmarks to say, this person is deteriorating.
Other than that, I think it’s just . . . we don’t have any more discernible information, really, that would
allow us to give an accurate prediction.

Consultant (palliative care), ID number H27

If there’s nothing in the patient’s disease trajectory which would suggest a change in their condition,
then I think it’s very difficult to prognosticate, so I think you’d struggle to give an accurate prognosis if
somebody’s condition doesn’t change. If somebody’s condition deteriorates, then it’s the rapidity of that
decline that gives you the best guide. And then it is just a guide.

Consultant oncologist, ID number H20

A number of senior clinicians said that they would generally explain to patients that accurately predicting
length of survival was, in many cases, an impossible task owing to the amount of uncertainties involved:

I’ll often say it’s not like on TV, we’re not good enough to estimate accurately how long an individual is
going to live, and then we talk about months or weeks, or . . . I’ll often tag onto the end of . . . so let’s say
I think it’s likely to be weeks, because they’re going down quite quickly; I say how many weeks that is
I’ve honestly no idea, things could flatten off and it might be quite a lot of weeks and that might turn
into a few months, or things could get worse and we might be talking about a very small number
of weeks.

Consultant oncologist, ID number H28

I say that, even with all of our experience, we’re often no better at predicting the future than relatives and
patients are themselves. But patients and relatives don’t often get that. I’ve had one patient’s relative think
I was withholding information from him, and that of course I must know, I’m the consultant, I must know
how long the person has, and got really very angry with me. But I genuinely wasn’t certain with that patient.

Consultant (palliative care), ID number H13
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These quotations are from interviews with senior clinicians with considerable experience of observing
deterioration in patients with advanced cancer. It is interesting, therefore, that in the validation study,
clinicians’ estimates were found to be quite good, with around 60% accuracy. There appears to be a
mismatch between perceptions and reality. Clinicians’ lack of confidence in their ability to predict
survival using clinically observed parameters might explain the next theme, which is the language they
used with patients and families when discussing prognosis.

Language used when discussing prognosis
During the interviews, clinicians were asked about the type of language they used when discussing
prognostication with patients and carers. The majority of clinicians, irrespective of experience or seniority,
explained that they tended to avoid giving detailed prognostic information with specific time frames.
Clinicians said that this was usually because they actually did not know, as these quotations illustrate:

Patients do ask but I keep it quite vague, especially just trying to sort of judge how much a patient wants
to sort of talk to you about it. Yes, I wouldn’t just, answer just says weeks, or whatever, I think you just
have to be quite kind and gentle. Also some patients just don’t want to know about prognosis. We just
talk more in terms of sort of the rates of deterioration, that’s how I talk about it a bit more, you know,
things are progressing over days, weeks, months, that kind of time frame.

H25: trainee doctor (F2)

Rather than giving an approximate time frame, I might say, as you’ve seen, things have been going downhill
and if there are things that needs to be done, such as, you know, getting your financial, social affairs in order,
I wouldn’t delay them any longer. I refrain from giving any specific time, like you’ve got 2 weeks or you’ve got –
I don’t know – exactly 2 months, because I don’t think you’re going to know exactly how long it’s going to be.

Consultant (palliative care), ID number H31

Generally I try and keep the answer vague, I mean, you’re obviously able to give an indication as to when
someone’s obviously breathing their last or when someone is very unwell, but when someone is in that
stage where they’re kind of on a knife edge, I always say, well, it could be the next few weeks, but at the
same time we’ve all been surprised and seen people last for months and months. So it’s about discussing
the uncertainness involved in predicting survival.

Consultant (palliative care), ID number H30

In the third quotation, when predicting survival the clinician balances bad news with hope that the
patient could live much longer. Referring back to the patient and carer data, this may be perceived as
‘vague’ rather than honest and kind. In the following quotation, the clinician describes how he explains
to patients the process by which predictions are made and how observed changes support estimates
or ‘guesses’. The process is shared with the patient and carer to some extent:

I’m careful to, I think, really try to avoid any certainty. And I usually, before I start talking about what
my guess might be, I often talk about the fact that we don’t know, and that we guess, and how we guess.
And I, sort of, try to give them a little bit of an understanding of how we’re prognosticating; that we’re
using what we know about their illness, yes, and their scans, but actually, we’re using how they are, how
things are changing, how they’ve been changing, and we use that to see how we’re going to predict.

Consultant (palliative care), ID number H23

Another clinician discussed how he avoids giving a number to patients because it will inevitably be
wrong. He also considered that a vague prediction is probably more helpful:

I tend not to put numbers on it, I tend to think about things in terms of, you know, days, weeks, months,
years. But I don’t usually put a number on it because that immediately means that I’m going to be wrong,
if I put a number on it. And I tend to use that, sort of, language. Also, I think that actually, there’s no way
of being sure, and often that, sort of, vague idea of a guess is often, for a lot of people, more helpful than
adding numbers to the guess, is what I tend to say.

Consultant (palliative care), ID number H7
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Junior clinicians also described how they avoided giving numbers to patients and preferred to convey
vaguer estimations of prognosis:

I’ve always avoided numbers and will talk generally; well, it may be months. I talk about things will then
change and then we might find that you’re changing and we’re looking at weeks, but nobody can say
when that change is occurring, whether it’s going to occur tomorrow, next week, or in several months’ time.
So, trying to get across that it’s a very inexact science.

H5: trainee doctor (F2)

I acknowledge that the prognostic information that I’m giving to patients is relatively vague and I apologise
for that, but generally patients understand, and I don’t use numbers because I think patients and relatives
pick up on the number and they focus on that number. Whereas actually, you’ve invariably got a scale of a
very short time to a very long time and you’ve no idea where the patient is on that scale.

Specialty trainee doctor, ID number H16

A number of senior clinicians further considered that giving specific time frames could cause psychological
harm to patients and carers, especially once patients had survived beyond their maximum given prediction.
The following quotations illustrate this:

So, one of the questions that almost everyone wants to know is how long they’ve got, and I think it probably is
the hardest question to answer because none of us know. I tend to be quite guarded and careful about how I
answer that question, and usually probably far too vague for their liking, mainly because I’ve seen the negative
effects of people having been given a very clear time scale, often from a hospital clinic they’re given x number
of months, and more often than not they might exceed that and then they feel like they’re living on borrowed
time, and actually, psychologically, for them and their family that’s often more damaging.

H9: GP

I’ll really try and avoid anything that might give them [patients] a number. And that’s, I suppose, because
I’ve had many patients who feel like they’ve been given a number and then it causes them problems, because
they’re counting on that. Others aren’t bothered so much by it, because then they get to the point, and once,
when they outlive it, it can be a positive thing, but for some of them, they’re just waiting to die.

Consultant (palliative care), ID number H29

I don’t ever use numbers, because it fixes people’s focus onto a particular time scale, and rather than
making what they can and enjoying each day for its own right and, you know, having an eye to the things
that they need to be sorting out. I think that’s the sense of a much more vague time line from that point
of view is far more helpful for most people.

Consultant (palliative care), ID number H31

Insights from this theme suggest that the ‘vague’ language that some patients and carers dislike is used
by clinicians because they consider it to be a more honest response when so many factors are at play.
There is also some reticence about giving a number in case a patient becomes fixated on it, which is a
theme we pick up later when we discuss barriers to using PiPS.

Reasons for overestimating prognosis with patients
During the interviews, clinicians were asked about the accuracy of estimating length of survival for patients
with advanced cancer and about existing studies suggesting that clinicians tend to give inaccurate and
overoptimistic prognostic information. All agreed that the main reason they felt clinicians may give
an overestimate of length of survival was that colleagues prefer to convey kinder, optimistic information
that was perceived as less harmful. The following two quotes are from GPs:

I suppose you don’t want to cause harm if patients are in that good place, but also you’re then thinking,
well, am I going to cause more harm by not addressing this now if patients are in a state of denial,
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and when it does hit them . . . those kinds of things. I suppose breaking any bad news, you do it at a rate
the patient can cope with and there’s . . . I suppose there’s no rush, it’s not going to affect any change in
the management, more how you’re handling the circumstances, in a way.

H12: GP

I don’t often get any negative criticism off patients, but when I have maybe a couple of times due to this
factor where I’ve tried to sensitively discuss end of life and maybe the patient’s not been ready for it.
Once I was on a home visit and the next time I saw the patient he was like, are you going to tell me I’m
going to die again? And obviously that’s how he perceived it and I wasn’t aware . . . maybe I could have
done it better or more sensitively. But he wasn’t ready for that discussion and it was me that was leading
it instead of the patient. You can cause a lot of harm if you’re not careful, just by your manner and how
you communicate with patients.

H11: GP

The following quotation further illustrates that this kinder, optimistic approach is also adopted by more
junior clinicians:

It’s about all sorts of complex reasons why doctors may over estimate prognosis, really. It’s trying not to
upset patients, not be a failing doctor, trying to understand what death and prognosis means to patients
and what else is going on in people’s lives.

Specialty trainee doctor, ID number H17

Other clinicians also considered that it was better not to challenge patients’ or carers’ perceptions of
the patient’s disease trajectory and described not wanting to reduce people’s hope if they were using
denial as an effective coping mechanism:

It’s not that clinicians are overestimating prognosis it may be that sometimes, we can see that a patient
is operating at a high level of denial, we wouldn’t necessarily challenge if we thought that was a useful
coping mechanism for them, any challenge may cause stress and harm to the patient, but it might be that
we then have to subtly bring along the patient and family’s understanding over time to try and prepare
them for what’s going to happen.

Consultant (palliative care), ID number H14

In the next quotation, the clinician describes his experience of rapid deterioration in patients when
such coping mechanisms are removed:

If they’re [patients] coping quite well with their perception of actually time left and we as clinicians
change that quite drastically, that’s when you can do harm, and it can seem that people deteriorate very
quickly then. So there’s that difficult line to tread between giving patients more optimistic information
which may give patients time to still function, so they can plan things that are important, compared with
taking away hope and doing harm.

Consultant (palliative care), ID number H24

I think when they [oncologists] have given prognostic indicators, I think they generally err on the side
of saying they’ve got slightly longer than maybe they have to patients. They are trying not to destroy
people’s hope. I think everybody wants to give people good news, don’t they, and in this scenario there
isn’t much good news.

H19: GP

This theme therefore presents a tension. Clinicians withhold detailed estimations of survival because
experience suggests they can get it wrong and that it can erode hope, and some consider denial to
be an effective coping strategy. Yet the majority of patients want to know how long they have left.
There appears to be a mismatch between what patients want and clinicians’ perception of this.
This leads to the next theme, which presents their views on whether or not PiPS would help.
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Clinicians’ acceptability of PiPS models
When asked about the acceptability of the PiPS models, clinicians gave a number of positive responses.
The majority considered the model to be a useful algorithm that could offer a more scientific approach
to estimating patients’ prognoses than a clinical judgement or hunch:

I think it’s useful to have it [PiPS] there and offer it to patients and say there is a scientific tool that can
give you a better idea about what time you have left, which gives you closer numbers than I can, which
might help your planning.

H4: GP

I think where PiPS would sit for me as a tool is if a patient asked me what I thought their prognosis
would be, because currently I’ve got only my experience to use; whereas I wonder how it would work
in my clinic. So, if, for example, a patient asked me, what do you think my prognosis is, we would have
our usual probable discussion exploring what he thought, what they thought; and then I think I would
probably say, there is an online tool that actually is more accurate than me, if you want us to use that
tool we can do it now if you like.

Consultant oncologist, ID number H28

It would appear from the validation study that PiPS-B risk categories are as accurate as AMPESs,
if not more so. Anticipating this as a possible outcome, we asked clinicians whether or not PiPS would
still be beneficial. Clinicians stated that PiPS could help improve their confidence in making accurate
predictions of life expectancy:

Even if PiPS is no more accurate than a clinician’s estimate, it would be useful for use in clinical practice,
especially with less experienced staff, as when you’re a junior doctor you don’t necessarily have the
experience to be confident in identifying a dying patient, so often you’re very hopeful. I think sometimes
when you’re a junior doctor, you could err on the side of false reassurance. So I think because of the lack
of experience, I think it’s more difficult for junior staff to prognosticate accurately.

Consultant (palliative care), ID number H7

I think we’re a little bit uncomfortable when we are asked the question about what time is left, because
we know that it’s an estimate. We don’t want to be completely wrong, I suppose, and yet we understand
that something sudden can happen at any point, can’t it? So, I think the PiPS tool perhaps gives you more
confidence in making a prediction.

Consultant oncologist, ID number H20

I think for a lot of doctors having something more solid, where we can say actually it’s looked at blood tests,
it’s looked at different clinical markers and it gives you something more firm to back you up and give you
some numbers. We know that we can never be 100% sure, but what this tool does is gives you a bit more
confidence. Maybe more doctors would have the conversation if they felt more confident about what they
were saying, and actually that would be much better if doctors started talking about it more, that would
be a really good thing.

Consultant (palliative care), ID number H14

I think for you to be confident with a consistent approximation, so a consistent level of knowledge that
you can apply to how long, PiPS would be very useful, because it would give you some assurance that
your approach every time is the same to the information that you’re being given. So you can use the tool
to measure how accurate your own predictions are.

Specialist palliative care nurse, ID number H21
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Importantly, and echoing findings from the patient and carer interviews, clinicians agreed that PiPS
would be a useful communication prompt that could be used when conveying prognostic information.
It could make starting, and holding, difficult conversations easier:

When communicating prognostic information it would be nice to wrap it around something, and I’m presuming
with something like PiPS you can almost wrap it round, you know, we’ve filled in a tool, what we do is we
look at you, we look at lots of things, such as your symptoms, we take them into consideration, and what
the tool shows us that you’re very poorly and then I would maybe wait for the ‘how long?’ question.

Specialist district nurse, ID number H22

I mean PiPS is another way of starting this sort of difficult conversation which I do think a lot of clinicians
have the gut reaction to shy away from. It is important to talk to people and to give them an idea,
because I think the worst possible case scenario is these people who lose their relatives and it’s a terrible
shock because nobody has had the balls to actually front it with them, so I think it could have a place.

H12: GP

A number of participants further discussed that PiPS would be helpful for encouraging clinicians to give a
more realistic prediction by using it in a way that takes the responsibility for making that prediction away
from clinicians themselves:

Sometimes oncologists might overestimate because they’re trying to be nice and maybe we [GPs] do that
as well. So it might actually help a doctor who has that tendency to be more optimistic to use PiPS.
I suppose then it’s not the doctor that’s giving the bad news, it’s like the tool, it’s the computer results
that are saying this, which a doctor may find useful.

H10: GP

These points are particularly important when considering the use of PiPS in clinical practice, because,
as the interviewees indicate, even if PiPS were to be no more accurate that clinician estimates, it might
provide clinicians with more confidence and a framework around which to initiate a discussion of prognosis.
For the clinician, using a prognostic tool like PiPS would be more akin to giving a patient the results
of a test. This would remove some of the direct responsibility for the ‘bad news’ from the clinician and
may make it easier for them to broach the subject. Nonetheless, the clinician will still need excellent
communication skills to convey this information in a sensitive way and, therefore, if PiPS is to be used
in this way it is clear that clinicians will need to develop good communication skills for this approach to
be successful.

Facilitators for use in clinical practice
All clinicians commented that the online PiPS prognosticator tool was user friendly and quick and
easy to use:

The tool is quick and easy to use, I could put one of our junior doctors in front of PiPS, and they would
complete it, without any training really.

Consultant (palliative care), ID number H14

I find the online tool quite straightforward to use, once everything is entered it is just a case of submit
and the results appear.

Consultant (palliative care), ID number H27

I think PiPS is very straightforward. It’s available online, so you can put the data in. I have no difficulty at
all with it.

Consultant oncologist, ID number H20
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A number of clinicians considered that PiPS could be beneficially used as an educational training tool,
especially for less experienced staff:

It would be interesting for junior staff like me to use PiPS that are new to palliative care. Say, OK, for
your first month in your job, try and plug in the details of the patients that we’ve actually got the relevant
details for, and then just get a feel yourself on how that’s matching up to your own reality and clinical
judgement of what time patients have left.

H6: trainee doctor (F1)

Well, PiPS would be useful in clinical practice, if you found the tool gives the same prediction as an
experienced clinician on more or less every occasion, then your junior staff should be trained to that
standard; and that would be a way of saying, right, let’s look at a patient, OK, tell me what your gut
feeling is, assess your patient. Then you could say, well, why do you feel that, and I feel this . . . OK, let’s
have a look on the PiPS tool, let’s see if you are right or not . . . that would be something that would help
with learning and development, wouldn’t it?

Specialist district nurse, ID number H22

Participants further commented on how the PiPS tool could help inform decision-making in relation to
treatment options and/or discharge planning:

If it’s [PiPS] no more accurate than clinical judgement, it’s probably got a good basis for training,
I guess. You may have a particular patient and you may think to yourself, I wonder what the numbers
are re[garding] length of time. And then you could use the tool and see how close you get, to help build
up your experience.

H10: GP

Even if it’s no more accurate than clinicians’ estimate, I would still use it, especially in the hospital setting.
The reason being I think one of the things . . . or at least from a palliative care point of view, is that it
could aid any MDT [multidisciplinary team] discussions as sometimes it is difficult to convince other
clinicians about a patient’s prognosis. If we can use PiPS, then at least we could use this as an evidence
base to say why we think the particular patient has got weeks or months.

Consultant (palliative care), ID number H30

Interestingly, a trainee doctor (F2) described that PiPS could support doctors attempting to convince
more senior colleagues about a patient’s prognosis. The following quotation illustrates this point:

I think PiPS is a useful tool, especially for us junior palliative care staff working in a hospital
setting, trying to convince more senior clinicians about a patient’s prognosis. It also aids the decision
about stopping curative treatment or not and thinking what is best for the patient and the time they
have left.

H5: trainee doctor (F2)

Clinicians further highlighted that PiPS would be helpful when commissioning care packages
for patients:

PiPS is definitely helpful, with commissioning care packages, so commissioners like statistics, and certainty,
because they don’t want to think that they’re going to be funding continuing health care for ages and
ages, so being able to put some statistics in from a prediction, I think is helpful in the right people getting
continuing health care, when we’re looking at arranging discharges and care packages.

Consultant (palliative care), ID number H27
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A few participants considered that PiPS would be a helpful tool for use outside specialist palliative
care, such as in the community. For example, the GP in the next quotation commented that PiPS would
be useful in helping colleagues estimate length of survival for patients:

The value, I suppose, comes down to if we do have to diagnose somebody in primary care and they say,
well, how long have they got, and the usual answer at GP level at the moment is, I don’t really know, why
don’t you go and see the specialist and they will give you more information. At least then if we had PIPS
in place we could run the patient’s details through it to generate an estimate.

H9: GP

Overall, therefore, there are a number of reasons why PiPS might be adopted in routine clinical practice.

Barriers to use in clinical practice
A minority of participants considered that it was not appropriate to use the PiPS tool, especially if blood
tests were needed to improve the accuracy of the prediction. This related to both the practicalities of
organising blood tests for patients with advanced cancer and the ethics implications of drawing blood
from very unwell patients:

I tend not to run a lot of blood tests on patients that are palliative and cancer based. I am not sure how
ethical it is to be taking bloods with patients that have advanced cancer, especially if I am seeing them at
home. It is about making them comfortable, not sticking them with needles.

H4: GP

I think what does sit with me a little is to say to patients, well, we might be able to work out how long
you are going to live but you’ve got to wait a couple of weeks to have a blood test done, because it’s a
couple of weeks’ wait to get them back for their bloods.

Consultant oncologist, ID number H20

I don’t think PiPS is a waste of time. I think it’s potentially a waste of resources but wouldn’t say it’s a
waste of time, but I’d say it’s a waste of blood tests and cost.

H5: trainee doctor (F2)

A few GPs considered that introducing PiPS into clinical practice could be time-consuming, both
completing the tool and finding time to support patients emotionally:

We’re saturated at the moment in primary care, so to have to do something else like complete and run
a PiPS estimate could be time-consuming. Also then you’ve got to find time to give patients the result.
You’re grappling with time to deal with the results and to give patients time to talk and that kind of thing,
like making time in supporting the patient emotionally.

H11: GP

Another, potentially more important, barrier relates to previous discussion about clinicians preferring
to rely on their clinical judgement and avoiding prognostic discussions with patients and carers.
The latter was due to difficulties with balancing a kinder, more optimistic stance with being realistic
with patients considered not ready for receiving devastating news. If PiPS is perceived to potentially
do more harm than good, it is unlikely to be used:

All the statistics doesn’t fit well with everyone and I just would always trust my own clinical judgement
because that’s what I’ve always done. And if using a tool doesn’t benefit the patient in any way then it
won’t be used. If you don’t actually feel that it’s going to actually help, it’s just another box-ticking exercise.

H9: GP
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I think people do feel that if they’re told they’ve got 3 to 6 months they’ll come to my clinic and say,
‘I’m now 6 months and a week, what am I going to do now, what does that mean now?’. I’ve certainly
looked after a few people who have been stuck because they’re either dying or just here waiting because
somebody said they should have died. So, they’re left with, well what does that mean, where am I now,
what do I do with life while I wait? It can feel much more that they’re waiting for something rather than
just getting the most out of life, which is clearly what we’re aiming to help them do.

Consultant (palliative care), ID number H11

Clinicians’ attitudes to existing prognostic models
Clinicians were shown existing prognostic models (PPI, PPS, PaP and FPN) and asked to comment on
their impressions of their usefulness. Clinicians considered these prognostics tools to be cumbersome
and difficult to use compared with PiPS. They liked being able to complete PiPS online:

Compared with PiPS, the PPS tool scores are too wide-ranging and the PPI I suppose it’s not bad, it’s
not as easy to do as running the PiPS on the computer one. I suppose the [FPN] is similar in a little way
because it’s looking at some of the same parameters in the bloods and then it’s giving you the probability
scores a bit like a percentage, 0.9–90%. I suppose it’s how user friendly it is in that format there, it
doesn’t look that easy to use. Yeah, so it’s a lot easier to be able to press a button on the computer and
get the results.

H12: GP

I think all these tools [PPI, PPS, PaP and FPN] are a bit cumbersome unless you’re of a certain mind and
you like your stats and your figures . . . you’re going to have a low uptake of clinicians using them, whereas if
it’s a click of a button we have the answer it’s a lot easier for people to use.

H11: GP

For some of these existing tools we’ve not got the influence of those recognised markers in the bloods,
so I would have less confidence in it. They also just look more difficult to use than PiPS.

Consultant (palliative care), ID number H14

Others described the outcome from the tools other than PiPS as vague:

The PPS tool is rather vague and a bit wishy-washy. I probably wouldn’t find it useful. For the PPI tool the
information is more detailed there, it makes a bit more sense in the sense it’s less vague in re[garding] the
time frames.

H4: GP

The PPS results are a little wide-ranging to explain to the patient, therefore it is not very useful really.
It wouldn’t be easy explaining to patients that they have a 30–70% chance of surviving 30 days. Patients
prefer less statistical information.

Consultant (palliative care), ID number H24

Clinicians clearly found PiPS easier to use and were happier with the way the results are presented by
PiPS than by other prognostic indicators that are available.

Summary of qualitative results

Patients’ and carers’ information needs and acceptability of PiPS
The majority of patients and carers clearly expressed a desire for detailed prognostic information but
found clinicians vague, overoptimistic and unwilling to deliver accurate information about length of
patient survival. The main reasons for wanting detailed information were to put finances in order and
to make funeral plans. All patients and carers considered that the PiPS models/tools were acceptable
for use in clinical practice and were a potentially useful aid in helping clinicians more accurately predict
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life expectancy and initiate sensitive conversations about prognostication with patients and carers.
Participants confirmed that life expectancy presented as days, weeks or months was most meaningful
to them.

Clinicians’ perspectives
Clinicians found estimating length of survival complex and often challenging and the process of
conveying prognostic information to patients and carers a difficult and uncomfortable task. Clinicians,
regardless of seniority, explained that they avoided giving specific time frames in discussions, either
because they did not know or because they did not want the discussion to have a negative impact on
the patient or carer. All clinicians described the challenges and difficulties they faced in predicting
length of survival and admitted to being vague and avoiding the discussion of time frames with
patients and carers. Clinicians considered that PiPS might have a place as an educational training tool,
especially for training less experienced staff. Clinicians further commented on how PiPS could help
inform decision-making in relation to treatment options, discharge planning and admission to hospices,
or when commissioning care packages for patients. Clinicians said that even if PiPS was no more
accurate than a clinician’s estimate they would still regard it as a potentially beneficial tool that could
help improve their confidence in making predictions about survival. Clinicians considered that PiPS
could be a useful communication aid when conveying prognostic information to patients and carers.
Clinicians further discussed that PiPS might be a helpful way of encouraging clinicians to give more
realistic predictions and could possibly be used in a way that took the responsibility of making
predictions away from clinicians themselves.

We identified a few barriers to using PiPS in clinical practice. The first was the practical and ethics
difficulties of organising blood tests for patients with advanced cancer. Two GPs considered that
introducing PiPS into clinical practice could be time-consuming in relation to both completing the tool
and finding time to communicate the results to patients and families. This barrier was not mentioned
by their hospice colleagues. Other barriers related to clinicians preferring to rely on their own clinical
judgement or wanting to avoid prognostic discussions with patients and carers.
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Chapter 4 Discussion

Statement of principal findings

This study has demonstrated that the PiPS-B risk categories to predict whether a patient will survive for
days, weeks or months+ are as accurate as an AMPES in palliative care patients with advanced cancer.
The study also found that the PiPS-A risk categories were not as accurate as an AMPES. All four models
(PiPS-A14, PiPS-A56, PiPS-B14 and PiPS-B56) performed well individually. The discriminatory ability
(c-statistic) of each model varied from 0.776 (95% CI 0.755 to 0.797) for PiPS-A56 to 0.837 (95% CI 0.810
to 0.863) for PiPS-B14. The calibration of PiPS-A14 [CiL–0.037 (95% CI –0.168 to 0.095), CS 0.981 (95% CI
0.872 to 1.09)] and of PiPSA-56 [CiL 0.109 (95% CI 0.002 to 0.215), CS 0.946 (95% CI 0.842 to 1.05)] was
good. The calibration of PiPS-B14 [CiL–0.202 (95% CI –0.364 to –0.039), CS 0.840 (95% CI 0.730 to 0.950)]
and PiPS-B56 [CiL 0.152 (95% CI 0.030 to 0.273), CS 0.914 (95% CI 0.808 to 1.02)] was less good.

This study also provided validation data about other prognostic tools. The study was not powered to detect
differences in the predictive accuracy of these other tools compared with clinicians’ predictions, and for
methodological reasons a direct comparison of the performance of different methods of prognostication
was not always possible. Where a direct comparison was possible, the discriminatory ability of the FPN
[c-index 0.684 (95% CI 0.669 to 0.700)] and the PPI [c-statistic for > 6 weeks’ survival 0.655 (95% CI 0.633
to 0.676); c-statistic for < 3 weeks’ survival 0.675 (95% CI 0.652 to 0.699)] was lower than PiPS-A14
[c-statistic 0.776 (95% CI 0.755 to 0.797)], PiPS-A56 [c-statistic 0.825 (95% CI 0.803 to 0.848)], PiPS-B14
[0.810 (95% CI 0.788 to 0.832)] or PiPS-B56 [c-statistic 0.837 (95% CI 0.810 to 0.863)]. Moreover, the
PPI predictions were statistically significantly (p < 0.001) worse than those of clinicians.

The nested qualitative substudy found that patients and their carers were generally in favour of having
access to more accurate prognostic information and preferred the PiPS method of couching a prognostic
estimate in terms of whether individuals were expected to survive for days, weeks or months+.
Clinicians were generally in favour of using PiPS, even if it were no better than an AMPES, because it
could have other benefits in terms of communication, training, supporting junior colleagues and providing
objective information for the commissioning of care packages. Some clinicians expressed the view that
they would be reluctant to use PiPS-B because they preferred to use their own clinical judgement or
because they did not believe that taking a blood specimen was appropriate in these circumstances.

Strengths of the study

Validation study
This study – PiPS2 – has been one of the largest prospective palliative care studies undertaken in the
UK. A total of 1833 patients across 27 sites in England and Wales were included in the study. PiPS2
has demonstrated that there is an enthusiasm to participate in research among palliative care service
professionals, patients and their carers, even when the patient population concerned is gravely ill.
The final sample size exceeded the minimum required for the primary analysis and was achieved
within the originally estimated time frame.

One of the main strengths of PiPS2 is that it was powered to demonstrate a difference between the
accuracy of PiPS-B risk categories compared with those of an AMPES. Previous prognostic studies
have simply validated various prognostic tools statistically and have reported their discrimination,
calibration and accuracy. However, the current default method for predicting survival in palliative care
practice is to use clinician predictions. Therefore, it is important that any newly proposed prognostic
method should be at least as accurate as this before being considered for adoption into clinical practice.

DOI: 10.3310/hta25280 Health Technology Assessment 2021 Vol. 25 No. 28

© Queen’s Printer and Controller of HMSO 2021. This work was produced by Stone et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in
professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial
reproduction should be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House,
University of Southampton Science Park, Southampton SO16 7NS, UK.

61



Another strength of PiPS2 has been the robustness of the data collection and validation procedures.
Data were collected at 27 different sites, a number of which had never been involved in multicentre
research projects. Data were entered onto a secure online database and the accuracy of data were
checked remotely by the trial manager. In addition, each site was subject to at least one data-monitoring
review visit at which CRFs and source documents were checked for accuracy and consistency and
at which further data queries were raised. A final check of all data was independently conducted by
the trial manager and statistician. Therefore, it is possible to have high confidence in the robustness,
consistency and reliability of the study data. Furthermore, the PiPS database will be made available
(open access) after the main results have been published, and this will provide a valuable resource for
answering other research questions and/or for the development/refinement of prognostic models.

Qualitative substudy
As well as conducting a large quantitative validation of prognostic tools, PiPS2 included an embedded
qualitative substudy designed to investigate patients’, carers’ and clinicians’ perspectives on the use of
the predictor models of survival. This complementary work was a great strength of the study because it
allowed a greater understanding of the perceived value of these tools to patients, their families and the
health-care professionals looking after them. The qualitative benefits and disadvantages of routine use of
prognostic algorithms is not something that has been adequately explored in research studies previously.
A major strength of the qualitative substudy is that the patient and carer sample was comparatively large
and varied and data saturation was reached. We are confident, therefore, that the views of patients and
carers presented in this report are transferable to other settings in the UK. The clinician sample was
similarly large and varied and included the views of practitioners across disciplines who would potentially
use PiPS in routine clinical practice. Again, we are confident that the clinicians’ findings are transferable.

Another strength of the qualitative substudy was that data collection was carried out over a long
period of time, allowing constant comparative analysis throughout the study, and iteration of the topic
guides. We were able to constantly revise the topics to be discussed with prospective participants
and feed their views into subsequent interviews. A wide range of views was therefore captured.

The study was greatly strengthened by the participation of service user representatives throughout,
from generation of the research proposal to membership of the Study Management Group and Study
Steering Committee. Our service user representatives fully engaged in the research endeavour and
will continue to be involved in the dissemination of study results.

Weaknesses of the study

Validation study
One of the main limitations of this study was that it has not always been possible to make a straightforward
comparison between the accuracy of the prognostic tools and the accuracy of clinicians’ predictions, nor
to directly compare the prognostic accuracy of different tools. Where head-to-head comparisons have
been possible, they have been undertaken and have shown that the PiPS tools (both PiPS-A and PiPS-B)
show greater discrimination than FPN or PPI and that the PPI is less accurate than clinicians’ predictions.
However, it has not been possible to directly compare the performance of the PaP or the PPS to either
the PiPS models or AMPESs. It is therefore not possible to make a recommendation about which of these
tools would be best to use in clinical practice.

Another potential limitation of this research is that a number of the assessments required for the
calculation of prognostic scores were rather subjective in nature or were challenging to obtain. For
instance, the calculation of the FPN requires an estimate of the TTD, which is defined as the time
elapsing between diagnosis and the point at which the disease becomes ‘terminal’. This was not always
easy or straightforward to obtain. As another example, both PiPS-A and PiPS-B require clinicians to score
the patient’s general health on a 7-point scale and this requires an element of subjective judgement.
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It is important for cohort studies to have a clear inception point. In PiPS2 the inception point was
recent referral to palliative care services. However, the nature of palliative care practice is such that
the type of patients referred to each service can vary from place to place according to local practice
and admission guidelines. Patients in our study are therefore likely to have been referred to palliative
care services at different stages in their disease trajectory. Moreover, ‘referral to palliative care services’
as an inception point may not be easily transferable to the population of patients seen in other countries.
Nonetheless, all of the patients included in the study had advanced, incurable cancer and were thus
clearly recognisable as a defined population.

It should be noted that PiPS2 was exclusively concerned with determining the prognosis of patients with
advanced cancer. This is because the primary aim of the study was to validate the PiPS-B prognostic
tool, which was developed solely as a cancer prognosis tool. There is an increasing recognition of the
need to widen the access to palliative care services to more patients with non-malignant disease.
Moreover, some authors have described cancer as presenting with a more predictable trajectory than
other diseases, with ‘a short period of evident decline’.60,61 This suggests that there may be a greater
need to develop and validate prognostic tools in non-malignant palliative care populations. Nonetheless,
it remains the case that cancer patients currently make up the majority of palliative care referrals.

Qualitative substudy
One potential limitation was that the Manchester-based research fellow (KS) recruited patients to
both the quantitative and qualitative studies and conducted the qualitative interviews. It is possible
that when patients were being asked about the PiPS tools there was risk of reporting overly positive
experiences. However, methodologically (and ethically), it was appropriate for KS to recruit to the
nested study because we were purposively sampling according to certain characteristics. In terms of
ethics, the patients were very unwell and we needed to recruit as sensitively as possible. In addition,
although KS was part of the research team for PiPS2, she was not involved in the development of PiPS
and had no vested interest in a positive or negative response from patients.

Relatively few views were represented from patients who did not want to participate in the PiPS2
quantitative study. A small number of patients who took part in the interview study (n = 5) had
declined to take part in the larger clinical study. The reason that they were not recruited to the
validation study was because they did not want to give a blood sample. However, these patients were
equally positive about the PiPS tool. Another small number (n = 4) of patients declined to take part in
both the clinical study and the nested qualitative interview study. Reasons given were that they were
in too much pain or discomfort to take part in either study.

The number of community patients interviewed was small (n = 4), so findings from these patients should
be interpreted with caution. It appears that their views were slightly different from the other participants’
because they were generally at an earlier stage in the disease trajectory and not ready to think about
how long they had left to live.

Relation to other research

Comparison with PiPS1
There were some differences between the patient populations included in PiPS111 and PiPS2. In PiPS1,
the median survival of participants was 34 days, and in PiPS2 it was 45 days. There are several possible
reasons why the population in PiPS2 had a longer survival than that in PiPS1. It is possible, for instance,
that referral criteria to palliative care services have changed between the two studies and that patients
are being referred earlier in their disease trajectories. Another explanation may be that the types of
patients included in the two studies were different. In PiPS1, the proportion of patients recruited from
IPCUs, HPCTs and community settings was 69%, 18%, and 12%, respectively.62 The corresponding
figures for PiPS2 were 68%, 7% and 25%, respectively. Thus, a greater proportion of participants in
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PiPS2 were recruited from community settings and a smaller proportion from HPCTs. As shown in
Figure 3, the survival of patients in each setting was different, with those recruited from IPCUs (hospices)
having the worst prognosis and those recruited from the community having the best prognosis. In
PiPS1, none of the patients were receiving chemotherapy, whereas in PiPS2 10.4% were doing so.
It is increasingly the case that patients under the care of palliative care services receive simultaneous
cancer therapies (chemotherapy, radiotherapy, endocrine treatments, immunotherapies and biological
therapies). For this reason, we did not exclude patients who were receiving palliative cancer treatments
from PiPS2. In a subgroup analysis in a previous study, Baba et al.63 reported that the PiPS prognostic
models performed just as well in patients who were or were not receiving palliative cancer therapies.

It has been hypothesised that it is easier to predict survival in patients who are closer to death.
By analogy with weather forecasting, this phenomenon is known as the ‘horizon effect’.64 Just as it is
easier to predict that it will rain in the afternoon when one can see storm clouds on the horizon in the
morning, and more difficult to predict the weather 1 month in advance, so it is hypothesised that it is
easier to predict survival when someone is going to die imminently than when they are expected to live
longer. Therefore, one might have expected that the longer survival of patients in PiPS2 would have
made them a more difficult population in which to prognosticate than that of PiPS1. In fact, in PiPS1, the
AMPESs were accurate on 57.5% of occasions, whereas in PiPS2 their accuracy was 61.9%. The reasons
for the superior prognostic accuracy in PiPS2 is not clear; it perhaps represents an improvement in
clinical prognostic skills between the two studies. It is noteworthy that the overall accuracy of the PiPS-B
risk categories was unchanged between the two studies, at 61.5% in PiPS1 and 61.9% in PiPS2.

The primary tool of interest in PiPS2 was PiPS-B, which consists of two prognostic models (PiPS-B14
and PiPS-B56) combined by a decision rule to create three prognostic risk categories (days, weeks and
months+). In the original study by Gwilliam et al.,11 the PiPS-B models and decision rule together were
found to be slightly more accurate than a clinician’s or a nurse’s estimate of survival (but not better
than an AMPES). In PiPS2, the PiPS-B14 and PiPS-B56 algorithms performed well individually but
the PiPS-B risk categories (created using the decision rule) performed less well. It is possible that the
performance of the PiPS-B may be improved by recalibration and/or adjustment of the decision rule.

Relation to other studies

PiPS
Since PiPS1 was published,11 Baba et al.63 have undertaken an independent validation of the PiPS models
in 2426 Japanese cancer patients in palliative care units, community services and hospitals, including
patients receiving palliative chemotherapy. They had data for 2212 patients who completed PiPS-A and
for 1257 patients who completed PiPS-B. They reported that the PiPS instruments performed as well as
in PiPS1.11 However, the Japanese study did not compare the accuracy of PiPS risk categories with the
accuracy of CPS. In a subsequent subanalysis, the same group also reported that PiPS-A was feasible
to use in palliative care populations because the variables required for its calculation were routinely
available in 91–96% of patients, depending on setting,65 whereas the data required to calculate PiPS-B
were only routinely available in 29–65% of patients dependent on setting, with the lowest availability
being in the community, where fewer patients have blood tests. In a secondary analysis using the same
data, the researchers developed an alternative prognostic tool that did not rely on the presence or
absence of symptoms, which the authors regarded as being ‘too subjective’ to include in a prognostic
score.66 They termed their newly developed tool the Objective Prognostic Indicator for Advanced
Cancer (OPI-AC) and reported that PiPS-B was better than the OPI-AC for predicting 14-day survival
(AUC 0.86 vs. 0.81, respectively) but worse than the OPI-AC at predicting 56-day survival (AUC 0.83 vs.
0.90, respectively). Kim et al.67 conducted a prospective study in 202 advanced cancer patients admitted
to a Republic of Korea cancer centre and reported that the PiPS instruments performed approximately
as well as in PiPS1, and confirmed that the PiPS risk categories were better than a clinician’s estimate
of survival.
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Palliative Prognostic score
The PaP score has previously been independently validated by numerous groups23–26 and the proportion
of patients surviving in each of the three prognostic categories is usually found to fall within the specified
boundaries (< 30% probability of surviving 30 days, 30–70% probability of surviving 30 days and > 70%
probability of surviving 30 days). Some studies have intended to compare the accuracy of the PaP with
the accuracy of clinicians’ estimates of survival.24,27,68–73 However, there are methodological challenges
to doing this because the PaP score does not make a specific prediction about whether a patient will or
will not survive for 30 days. It is therefore not possible to compare directly the prediction made by PaP
with that made by a clinician. To illustrate the problem, consider what it means for the PaP score to place
someone in risk group B (30–70% probability of surviving 30 days). How could one judge whether or not
such a prediction was correct or incorrect? It could be compatible with either outcome (died or survived
for 30 days). How informative, therefore, would this information be to clinicians?

These methodological difficulties are illustrated in a study by Tavares et al.73 These authors attempted to
compare the accuracy of the PaP with the accuracy of clinician predictions. They did this by categorising
predictions as ‘adequate’, ‘optimistic’ or ‘pessimistic’. For the CPS, this was relatively straightforward (CPS
was ‘adequate’ if it was within 1 week of actual survival). However, for the PaP predictions, it was not
straightforward to determine whether or not the ‘prediction’ made by PaP was accurate or inaccurate.
The authors decided that, if patients in the best risk group survived > 21 days, then the PaP estimate
was adequate; if the patients in the intermediate risk group survived 21–35 days, then the PaP estimate
was adequate; and, if the patients in the worst risk group survived for 0 to 35 days, then the PaP
estimate was adequate. On this basis, the authors concluded that PaP estimates were adequate on 47%
of occasions compared with adequate predictions by junior doctors on 10.5% of occasions and by palliative
care experts on 23.7% of occasions. However, the median survival of the patients in this study was
24 days and, according to the authors’ definitions of ‘acceptable’ predictions, the PaP would provide an
adequate prediction for any patient surviving between 22 and 35 days whichever prognostic category
they were placed in.

To get around this problem, most authors have evaluated the performance of the PaP score (which
can range between 0 and 17.5) as a continuous prognostic variable and have compared it with the
temporal survival predictions made by clinicians.24,27,68,69 Using this scoring method, a higher PaP score
is simply regarded as representing a worse prognosis and the three prognostic risk groups (< 30%
probability of surviving 30 days, 30–70% probability of surviving 30 days and > 70% probability of
surviving 30 days) as described in the original development study are ignored.22 Using this approach,
Hui et al.27 studied 222 cancer patients and reported that the c-index for the PaP was 0.64 (95% CI
0.54 to 0.74) and that this was significantly better (p < 0.0001) than the c-index for the CPS [0.56
(95% CI 0.46 to 0.66)]. Ermacora68 studied 334 advanced cancer patients and reported that the AUC
of the PaP was 0.82 (95% CI 0.77 to 0.86) and that this was higher than the AUC reported for two
physicians [physician 1, AUC 0.77 (95% CI 0.72–0.81); physician 2, AUC 0.76 (95% CI 0.71–0.81)] and
one nurse [AUC 0.78 (95% CI 0.72–0.82)].

Palliative Prognostic Index
Palliative Prognostic Index scores can vary between 0 and 15. If patients score ≤ 4 they are predicted
to survive for > 6 weeks. If the PPI score is > 6 then the patient is predicted to survive < 3 weeks.
Therefore, it ought to be relatively straightforward to compare the accuracy of PPI predictions with
CPS at 3 or 6 weeks. In PiPS2, we found that there was a statistically significant (p < 0.001) difference
between the proportion of overall patient deaths predicted correctly by PPI and the corresponding
proportion predicted correctly by clinicians (see Table 30). The doctors were better than the PPI model
at correctly identifying the prognosis. However, none of the other published studies has directly
compared the accuracy of the PPI and clinicians in this manner.68,69,72–74 Studies have reported on the
performance of the PPI for predicting survival at 3 and 6 weeks (which the PPI is designed to predict)68

but also its performance at predicting 30-day,69,74 100-day74 or 90-day survival.73 One study reported
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the accuracy of the PPI and the accuracy of CPS using the AUC,68 one used the c-index69 and two studies
used a correlation coefficient.72,73 Stiel et al.72 reported that the Spearman’s rank-order correlation
between PPI and actual survival was –0.678, whereas the correlation between the clinicians’ predictions
and actual survival was −0.556.

Feliu Prognostic Nomogram
The FPN uses five variables (i.e. ECOG performance status, serum albumin concentration, LDH
concentration, lymphocyte count and TTD) to predict probability of survival at 15, 30 and 60 days.18

Since its publication, the FPN has not been validated by any independent groups. Because the FPN
does not make a temporal prediction of survival, it is difficult to directly compare its accuracy with
that of clinicians’ predictions. In Feliu et al.’s18 original report, the c-index for the FPN was 0.70 and it
was well calibrated. In PiPS2, we found that the discrimination of the FPN was similar [c-index 0.684,
95% CI 0.669 to 0.700] and confirmed that it was well calibrated.

Palliative Performance Scale
The PPS was not specifically designed to be used as a prognostic tool. However, in a large (n = 6066)
retrospective analysis20 of referrals to a Canadian hospice service, the PPS was found to discriminate
between groups with different survival prospects. Lau et al.20 reported that the median survival of
patients with a PPS of 10% was 1 day, with PPS 20% was 2 days, with PPS 30% was 5 days, with
PPS 40% was 13 days, with PPS 50% was 28 days, with PPS 60% was 43 days and with PPS 70%
was 63 days. In PiPS2 we similarly found that the PPS was able to discriminate between groups with
different survival prospects, although the median survival for each PPS group was different in our
population (see Table 46). Because the PPS does not make specific survival predictions, it was not
possible to directly compare its performance with that of clinicians.
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Chapter 5 Conclusions

Implications for health care

Our study has shown that, for patients with advanced cancer newly referred to palliative care services
in the UK, the PiPS-B risk categories are as accurate as an AMPES. There are reasons to believe that
the PiPS-B may be a valuable addition to clinical practice. Clinicians have said that they would value a
prognostic tool even if it were no better than a CPS because it would be more objective and reproducible
and could be used as an educational, training and communication aid. Clinicians find that prognosticating
is an uncomfortable task and they are more likely to avoid discussing time scales, instead choosing to
give only vague estimates or avoiding the issue altogether.

However, we believe that, on the basis of the evidence, it would be premature to recommend the
routine use of PiPS-B in palliative care clinical practice. Further work is needed to assess the impact
of introducing such a prognostic tool on the outcomes for patients and their families. Moreover,
although PiPS-B shows promising characteristics (in terms of discrimination), it may be in need
of recalibration and may benefit from a modification in the existing decision rule that is used to
categorise patients into the three prognostic categories.

Our study provides good evidence that PPI is significantly worse than clinicians’ predictions of survival
and should not be recommended for use in routine clinical practice. The PiPS-A risk categories (created
using the existing decision rule) were also significantly worse than an AMPES and should not be used
in clinical practice in their current form. Our study also shows that, in this population, the FPN has
poorer discrimination than PiPS-A or PiPS-B.

Unanswered questions and further research

Further research is needed to determine whether or not the routine use of prognostic tools can improve
outcomes for palliative care patients. This will probably require a large, multicentre randomised controlled
trial comparing usual practice with the use of one or more validated prognostic tool. One of the difficulties
with the design of such a study will be determining which clinical outcomes are the most likely to be
affected by better prognostication and identifying suitable instruments with which to reliably measure
the desired outcomes.

Further exploratory analyses are required to optimise the performance of the PiPS tools, by adjustment
of the decision rules, recalibration or a combination of the two. It may also be possible to use the PiPS2
data set (possibly combined with the PiPS1 data and other existing data sets) to create a new prognostic
model or to adjust the PiPS-B model to produce incremental improvements in performance.

The AMPESs in PiPS2 were more accurate than those in PiPS1. The predictions in both studies were
made by specialist palliative care clinicians and nurses. It is possible that in other clinical settings (e.g.
primary care or acute oncology) or among other practitioners (e.g. junior doctors or nurses) the CPS may
be less accurate. In those circumstances, PiPS-B may have a greater role as an aid to prognostication.
Our qualitative work also suggests that PiPS-B may have a role to play in educating less experienced staff
in how to prognosticate and in improving prognostic communication between clinicians and patients.
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Appendix 1 The PiPS2 qualitative
substudy interview topic guide: patients
and carers/relatives

This appendix has been reproduced with permission from Stone et al.56 This is an Open Access
article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0)

license, which permits others to distribute, remix, adapt and build upon this work, for commercial use,
provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The text
below includes minor additions and formatting changes to the original text.

At the start

We have approached you to ask you to share your experiences of being approached and/or involved
with the Prognosis in Palliative Care Study. We would also like to ask your views about the development
of a prognosis tool for palliative care patients and what you think about doctors and nurses using
prognostic tools with patients.

Where necessary, prompts will be used to guide the discussion.

Sample questions

l I wondered if I could start by asking you a little about your illness/the illness of your relative/
the person you are caring for?

l Can you tell me about some of the reasons why you or your relative or the person you care for
decided to or not to take part in the prognostic study?

l Was the decision made following discussion with others around you/them?
l What opinions do you have about the development of a tool/indicator that can estimate the life

expectancy of palliative care patients?
l If we could develop a method/tool that is similar or better than a clinician’s prediction of life

expectancy, would you want it?
l Should health professionals check what prognostic information patients/carers desire before initiating

prognostic conversations? (Respecting patients’/carers’ information wishes).
l Do you believe that health professionals should always share prognostic information with patients

to help patients/family carers make decisions and plans? Why/why not?
l If it is no more accurate than clinicians’ predictions is it a useful way of starting the conversation

with palliative patients/their carers about life expectancy?
l What do you think is the best and most sensitive way to present prognostic information to patients

and/or relatives/carers? For example: how do you think the tool/indicator should be introduced to
patients/relatives/carers? Prompt: over time, in writing, via face-to-face conversations.

l Do you think that patients/carers would prefer/find it easier to understand if the prognostic tool/
indicator said: (1 – probability) the patient/person you care for has X% probability of surviving for
X amount of time, (2 – length of survival – precise) the patient/person you care for is predicted to
live for this long (number of days, weeks, months or years) or (3 – length of survival – vaguer) the
outlook for patients like you/the person you care for is good, bad or average?

l Do you think that patients would be more comfortable receiving prognostic information in relation
to the probability of reaching a significant future event?

DOI: 10.3310/hta25280 Health Technology Assessment 2021 Vol. 25 No. 28

© Queen’s Printer and Controller of HMSO 2021. This work was produced by Stone et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in
professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial
reproduction should be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House,
University of Southampton Science Park, Southampton SO16 7NS, UK.

77

http://creativecommons.org/licenses/by/4.0/


l What are your opinions about the usefulness of such a tool/indicator?
l Do you think that there are any disadvantages for patients or carers? If yes, can you tell me about

what they are?
l Do you think that most palliative care patients and their carers want to know this information?
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Appendix 2 The PiPS2 qualitative
substudy interview topic guide: clinicians
(palliative care specialists, oncologists,
general practitioners and specialist nurses)

This appendix has been reproduced with permission from Stone et al.56 This is an Open Access
article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0)

license, which permits others to distribute, remix, adapt and build upon this work, for commercial use,
provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The text
below includes minor additions and formatting changes to the original text.

At the start

We have approached you to take part in this research to share your views and opinions about giving
prognostic information to patients/carers as well as using prognostic tools to possibly improve the
delivering of survival-length prognosis to patients/carers with advanced cancer.

l Can you tell me about your clinical role and how long you have worked in palliative care?
l What are your experiences of making predictions of survival length to patients, relatives or carers?
l Do you discuss with patients/carers how accurate/inaccurate survival predictions can be?
l How easy or difficult do you find it to predict length of survival?
l What information do you share with patients/carers about prognosis and how do you convey it?
l How do you feel delivering such news to relatives or carers? Prompt: uncomfortable, stressful, etc.

Is there anything that makes it easier? More difficult?
l If patients/carers don’t specifically ask about the time that they/patients have left, do you share

your estimate of survival time?
l If patients do specifically ask about the time they have left, how do you respond?
l How accurate do you find the estimates that you make?
l Do you/health professionals document in patients’ notes the length of time they have left?
l Is professional guidance (e.g. standards) available for clinicians on the best way of approaching

prognostic discussions?
l Do you check and discuss with patients/carers first if they want prognostic information and what

type of information they would prefer, such as the probabilities of cure, survival rates, general
expected outcome of the disease?

Next, I would like to start by showing you some prognostic models/tools:

www.pips.sgul.ac.uk/pipsforma.php (online link PiPS)

www.eoc.ch/dms/site-eoc/documenti/pallclick/strumenti/I-UCP-003—PaP/I-UCP-003%20-%20PaP.pdf
(online link PaP)

http://jnci.oxfordjournals.org/content/suppl/2011/10/04/djr388.DC1/S1_JNCI-10–1736-s02.pdf
(online link FPN)

www.sciencedirect.com/science/article/pii/S0885392407007981 (online link PPI)

www.collaborativecurriculum.ca/en/modules/PPS/PPS-thepalliativeperformancescale-01.jsp
(online link PPS)

DOI: 10.3310/hta25280 Health Technology Assessment 2021 Vol. 25 No. 28

© Queen’s Printer and Controller of HMSO 2021. This work was produced by Stone et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in
professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial
reproduction should be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House,
University of Southampton Science Park, Southampton SO16 7NS, UK.

79

http://creativecommons.org/licenses/by/4.0/
https://www.pips.sgul.ac.uk/pipsforma.php
https://www.eoc.ch/dms/site-eoc/documenti/pallclick/strumenti/I-UCP-003�PaP/I-UCP-003 - PaP.pdf
https://jnci.oxfordjournals.org/content/suppl/2011/10/04/djr388.DC1/S1_JNCI-10�1736-s02.pdf
https://www.sciencedirect.com/science/article/pii/S0885392407007981
https://www.collaborativecurriculum.ca/en/modules/PPS/PPS-thepalliativeperformancescale-01.jsp


What are your first impressions of the models/tools?

l Clinical usefulness
l Ease of completion
l Interpretability of outputs

Barriers to and facilitators of clinical use

l If the tool is no more accurate than clinicians’ predictions, is it something that you would use?
Prompt: could it be a useful way of having that conversation with patients/carers?

l If such a tool was subject to the same clinical errors in judgement, would you use it or would you
just rely on your own clinical judgement?

l How would you explain to patients the probability/statistics of survival rates?
l If such a tool absolved you of responsibility of delivering inaccurate prognostic information to

patients/carers, would that make it more acceptable for you to use?
l Would you consider using these types of prognostic tools in day-to-day clinical practice?

Prompt: why?
l What processes and structures in your work place would help or hinder you using such tools?
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Appendix 3 List of participating units and
the principal investigators at each site

This appendix has been reproduced with permission from Stone et al.56 This is an Open Access
article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0)

license, which permits others to distribute, remix, adapt and build upon this work, for commercial use,
provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The text
below includes minor additions and formatting changes to the original text.

The list of participating sites along with the names of the PIs are shown in Table 36.

TABLE 36 List of participating sites and PIs

Site (n= 28) PI

Birmingham St Mary’s Hospice Dr Christina Radcliffe

Bronglais General Hospital Dr Gokulkrishnan Lingesan

Coventry & Warwickshire Partnership NHS Trust Ms Claire Plumb

Derby Teaching Hospitals NHS Foundation Trust Professor Vaughan Keeley

Douglas Macmillan Hospice Dr Claire Hookey

ELiPSe community palliative care team Dr Sarah Yardley

John Eastwood Hospice Dr Alpna Chauhan

King’s College London Dr Matthew Maddocks

St Gemma’s Hospice, Leeds Community Healthcare NHS Trust Professor Michael Bennett

LOROS Hospice Professor Christina Faull

Marie Curie West Midlands Hospice Dr Claire Ferguson

Norfolk Community Health and Care NHS Trust Dr Katie Carpenter (née Soden)

Nottingham University Hospital Dr Andrew Wilcock

Phyllis Tuckwell Hospice Care Dr Joanna Vriens

Pilgrims Hospice Dr Stephen Cox

Princess Alice Hospice Dr Jennifer Todd

Royal Surrey County Hospital NHS Foundation Trust Dr Andrew Davies

St Andrew’s Hospice Dr Jason Boland

St Ann’s Hospice (Heald Green) Dr Ashique Ahamed

St Ann’s Hospice (Little Hulton) Dr Ashique Ahamed

St Catherine’s Hospice Dr Amanda Gregory

St George’s University Hospitals NHS Foundation Trust Dr Ollie Minton

St Giles Hospice (Walsall) Ms Katie Burbridge (née Taroni)

St Giles Hospice (Whittington) Ms Katie Burbridge (née Taroni)

St Richard’s Hospice Dr Nicola Wilderspin

Sue Ryder Leckhampton Court Hospice Dr Paul Perkins

University College London Hospitala Dr Sarah Yardley

Worcestershire Royal Hospital Dr Nicola Heron

a Withdrawn from the study.
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Appendix 4 Case report form used for
validation study

Parts of the CRF are reproduced with permission, as detailed below.

The Record of Capacity Assessment Under the Mental Capacity Act – CURB has been reproduced
with permission from the Royal College of General Practitioners (RCGP). Copyright RCGP 2011.
The Confusion Assessment Method (CAM) has been reproduced with permission from the American
Geriatrics Society (AGS) CoCare: HELP™ program, (AGS, 2020, personal communication).75 Confusion
Assessment Method. Copyright 2003, Hospital Elder Life Program, LLC. Not to be reproduced without
permission. No responsibility is assumed by the AGS or the Hospital Elder Life Program, LLC for any
injury and/or damage to persons or property arising out of the application of any of the content at
help.agscocare.org.

The Palliative Performance Scale version 2 (PPSv2) has been reproduced with permission from Victoria
Hospice Society.76 Copyright Victoria Hospice Society, BC, Canada (2001) www.victoriahospice.org.

The Victoria Hospice logo has been reproduced with permission from Victoria Hospice Society
(Victoria Hospice Society, 2020, personal communication).
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Appendix 5 Number of participants
recruited at each site

TABLE 37 Number of participants recruited at each site

Site Type of service

Number of participants
recruited at each service
(excluding withdrawals)a

Number of participants
recruited at each site
(excluding withdrawals)a

Birmingham St Mary’s Hospice CPCT 51 51

Bronglais General Hospital IPCU

CPCT

21

8

29

Coventry and Warwickshire Partnership
NHS Trust

CPCT 21 21

Derby Teaching Hospitals NHS
Foundation Trust

CPCT

HPCT

IPCU

60

3

125

188

Douglas Macmillan Hospice CPCT 68 68

ELiPSe community palliative care team CPCT 28 28

John Eastwood Hospice CPCT

IPCU

56

98

154

King’s College London HPCT 42 42

St Gemma’s Hospice, Leeds Community
Healthcare NHS Trust

CPCT

IPCU

5

182

187

LOROS Hospice IPCU 114 114

Marie Curie West Midlands Hospice IPCU 83 83

Norfolk Community Health and Care
NHS Trust

IPCU 133 133

Nottingham University Hospital CPCT

IPCU

11

138

149

Phyllis Tuckwell Hospice Care CPCT 41 41

Pilgrims Hospice CPCT

IPCU

39

49

88

Princess Alice Hospice CPCT 17 17

Royal Surrey County Hospital NHS
Foundation Trust

CPCT

HPCT

19

31

50

St Andrew’s Hospice IPCU 10 10

St Ann’s Hospice (Heald Green) IPCU 76 76

St Ann’s Hospice (Little Hulton) IPCU 40 40

continued
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TABLE 37 Number of participants recruited at each site (continued )

Site Type of service

Number of participants
recruited at each service
(excluding withdrawals)a

Number of participants
recruited at each site
(excluding withdrawals)a

St Catherine’s Hospice IPCU 101 101

St George’s University Hospitals NHS
Foundation Trust

HPCT 40 40

St Giles Hospice (Walsall) IPCU 26 26

St Giles Hospice (Whittington) IPCU 6 6

St Richard’s Hospice IPCU 47 47

Sue Ryder Leckhampton Court Hospice IPCU 36 36

University College London Hospitalb HPCT NA NA

Worcestershire Royal Hospital HPCT 8 8

Total 1833 1833

a Of 1841 patients who were initially recruited across sites, eight were withdrawn from the study [Bronglais General
Hospital (n= 1), Norfolk Community Health & Care NHS Trust (n= 1), Phyllis Tuckwell Hospice (n= 3), St Ann’s Hospice
(Heald Green) (n= 1) and St Catherine’s Hospice (n= 1)].

b PiPS2 initially opened to recruitment at 28 sites; however, this site was withdrawn from the study owing to failure
to correctly follow study procedures.
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Appendix 6 Comparison of variables
included in PiPS-A and PiPS-B

The differences between the variables included in PiPS-A and PiPS-B are summarised in Table 38.

TABLE 38 Variables included in PiPS-A and PiPS-B

Variable PiPS-A PiPS-B

ECOG performance status ✗ ✗

General health status ✗ ✗

AMTS > 3 ✗ ✗

Primary breast cancer ✗

Primary prostate cancer ✗ ✗

Distant metastases (any) ✗ ✗

Liver metastases ✗

Bone metastases ✗ ✗

Anorexia ✗ ✗

Dysphagia ✗

Dyspnoea at rest ✗

Weight loss in last month ✗

Pulse rate ✗ ✗

Fatigue ✗

Albumin concentration ✗

Alkaline phosphatase concentration ✗

Alanine transaminase concentration ✗

CRP concentration ✗

Lymphocyte count ✗

Neutrophil count ✗

Platelet count ✗

Urea concentration ✗

White blood cell count ✗
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Appendix 7 The PiPS model regression
equations

This appendix has been reproduced with permission from Stone et al.56 This is an Open Access
article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0)

license, which permits others to distribute, remix, adapt and build upon this work, for commercial use,
provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The text
below includes minor additions and formatting changes to the original text.

For both PiPS-A and PiPS-B, two separate models have been developed to predict the 2-week
(14-day) and 2-month (56-day) survival of patients (thus generating three prognostic categories:
< 2 weeks, 2 weeks to 2 months and > 2 months). The week and month models include different sets
of predictors. For both models (weeks and months), if the predicted probability of the event exceeded
50% for a patient then the patient was classified as having the event. Otherwise, it was assumed that
the patient did not have the event. Thus, if, for example, the models predicted that a patient would
survive 2 weeks and that the patient would die within 2 months then the PiPS model outcome would
be that the patient was predicted to die in weeks.

PiPS-A14

The PiPS-A14 log-odds are:

LOA14
= 3:82 + 1:273amts� 0:023pulse� 0:498distantmets � 0:538metsliver � 0:563ecog

+ 0:449overallhealth � 0:771anorexia + 0:519metsbone � 0:475dyspnoea� 0:54dysphagia,
(1)

where amts refers to AMTS (if ≤ 3 then = 0, if > 3 then = 1), pulse refers to pulse rate, distantmets to
presence of distant metastases (no = 0, yes = 1), metsliver to presence of liver metastases (no = 0,
yes = 1), ecog to ECOG score, overallhealth to Global Health Score, anorexia to anorexia (no = 0, yes = 1),
metsbone to presence of bone metastases (no = 0, yes = 1), dyspnoea to dyspnoea (no = 0, yes = 1) and
dysphagia to dysphagia (no = 0, yes = 1).

The corresponding probability of survival for PiPS-A14 is:

PiPSA14
=

1
1 + exp(� LOA14

)
. (2)

PiPS-A56

The PiPS-A56 log-odds are:

LOA56
= 0:471 + 0:851amts� 0:022pulse� 0:407distantmets � 0:596metsliver � 0:219ecog

� 0:421anorexia + 0:549overallhealth + 0:617primarybreast + 1:477mgocancer � 0:51lostweight ,
(3)

where amts refers to AMTS (if ≤ 3 then = 0, if > 3 then = 1), pulse refers to pulse rate, distantmets to
presence of distant metastases (no = 0, yes = 1), metsliver to presence of liver metastases (no = 0,
yes = 1), ecog to ECOG score, overallhealth to Global Health Score, primarybreast to primary cancer breast
(no = 0, yes = 1), mgocancer to primary cancer MGO [male genital organ cancer (prostate)] (no = 0, yes = 1)
and lostweight to lost weight (no = 0, yes = 1).
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The corresponding probability of survival for PiPS-A56 is:

PiPSA56
=

1
1 + exp(� LOA56

)
. (4)

PiPS-B14

The PiPS-B14 log-odds are:

LOB14
= 4:577 + 0:952amts� 0:017pulse� 0:835distantmets + 0:767metsbone � 0:678anorexia

� 0:531ecog + 0:393overallhealth � 0:061wbc + 0:003platelet � 0:058urea� 0:004alanine

� 0:006creactive,

(5)

where amts refers to AMTS (if ≤ 3 then = 0, if > 3 then = 1), pulse refers to pulse rate, distantmets to
presence of distant metastases (no = 0, yes = 1), metsbone to presence of bone metastases (no = 0,
yes = 1), anorexia to anorexia (no = 0, yes = 1), ecog to ECOG score, overallhealth to General Health Score,
wbc to WBC (× 109/l), platelet to platelet count (× 109/l), urea to urea concentration (mmol/l), alanine to
alanine aminotransferase concentration (U/l) and creactive to CRP concentration (mg/l).

The corresponding probability of survival for PiPS-B14 model is:

PiPSB14
=

1
1 + exp(� LOB14

)
. (6)

PiPS-B56

The PiPS-B56 log-odds are:

LOB56
=�0:075� 0:013pulse� 0:042wbc + 0:001platelet � 0:031neutrophil + 0:163lymphocyte10exp9
� 0:062urea� 0:001alkaline + 0:040albumin� 0:007creactive + 1:56mgocancer

� 0:673fatigue + 0:474overallhealth,

(7)

where pulse refers to pulse rate, wbc to WBC (× 109/l), platelet to platelet count (× 109/l), neutrophil to
neutrophil count (× 109/l), lymphocyte10exp9 to lymphocyte count (× 109/l), urea to urea concentration
(mmol/l), alkaline to alkaline phosphatase concentration (U/l), creactive to CRP concentration (mg/l),
mgocancer to primary cancer MGO (no = 0, yes = 1), fatigue to fatigue (no = 0, yes = 1) and overallhealth to
General Health Score.

The corresponding probability of survival for PiPS-B56 is:

PiPSB56
=

1
1 + exp(� LOB56

)
. (8)
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