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Abstract

Background: The Palliative Performance Scale (PPS) has been widely used for survival prediction among
patients with cancer; however, few studies have reviewed PPS scores in heterogeneous palliative care popu-
lations across multiple care settings.

Objective: The aim of this systematic review was to determine how the PPS tool has been used to estimate
survival at the end of life.

Methods: This review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines. PubMed, Embase, and the Cochrane Library were searched for the existing literature published from
2008 to 2017. We synthesized study characteristics, the PPS scores at baseline, and primary outcomes, and
explored differences in survival estimates by diagnosis. The quality of the studies was assessed using the Good
ReseArch for Comparative Effectiveness (GRACE) checklist.

Results: Seventeen studies were included in this review (nine with cancer and eight with mixed diagnoses). All
included studies reported that the PPS exhibited a significant association with survival. Survival estimates
ranged from 1 to 3 days for patients with PPS scores of 10% compared with 5 to 36 days for those with scores of
30%. The categorical cut-points for the PPS scores were not consistently reported across studies.
Conclusion: This review provides a broad overview on the prognostic value of the PPS tool for survival among
multiple patient populations across care settings. Consistent reporting of PPS scores would facilitate the
comparison of survival estimates across end-of-life diagnoses.
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Introduction mance 0f,2’7 and to g)redict survival among, palliative care
cancer patients.®'%"'> The PPS is a modification of the Kar-
nofsky Performance Scale,® which was originally developed

I( NOWING HOW MUCH TIME is left is a critical issue for
for cancer patients and later adapted to be more generalizable

terminally ill palliative care patients. Accurate survival

prognostication enables patients and their families to make
better decisions about goals of care and to prepare for the end
of life."? It is also important for healthcare providers to
proactively refer patients for hospice care at the appropriate
time.! A clear prognosis helps hospice organizations better
allocate the intensity of palliative care services, including
end-of-life treatments.> Given the importance of accurate
survival estimates, valid measures are needed.

The Palliative Performance Scale (PPS)* is a reliable and
valid tool that has been used to measure functional perfor-

to other end-of-life diagnosis. The PPS scores measure five
functional domains: ambulation, activity level and evidence
of disease, self-care, oral intake, and level of consciousness
(Appendix A). Each of the five domains is divided into 11
levels ranging from 0% to 100% in 10%-point intervals, with
0% indicating death and 100% being fully ambulatory and
healthy. The PPS is simple to use in various healthcare set-
tings,"” and the assessment of the PPS can be conducted by
multiple healthcare professionals, including physicians and
registered nurses.'
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This systematic literature review critically evaluates the re-
lationship between PPS scores and length of survival in patients
with end-of-life diagnoses. This is particularly relevant because
palliative and hospice services have expanded over the last
decade to include multiple end-of-life diagnoses after initially
focusing on patients with cancer. The aim of this systematic
literature review was to determine how the PPS tool has been
used to estimate survival at the end of life in both patients with
cancer and patients with other end-of-life diagnoses.

Methods

This systematic review was conducted based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.'®

Search strategy and selection criteria

A search of the literature was conducted between September
and October 2017 using the following electronic databases:
PubMed, Embase, and the Cochrane Library. The search strat-
egy was developed through a literature review and consultation
with an informationist in the health sciences library at Columbia
University. The searches used MeSH terms for PubMed, Emtree
terms for Embase, and free text terms. Boolean searching
techniques using “AND” and “OR” included the following
search terms: ‘‘palliative performance scale,” ‘‘prognosis,”
“mortality,” “‘survival,” ‘“‘rehospitalization,” and “length of
services.” More detailed search terms used for each database are
outlined in Appendix B.

Studies were included if they met the following criteria: (1)
published between January 2008 and October 2017, (2) written
in English, (3) original research study with data, (4) studies that
investigated survival times or survival/mortality proportions
after the PPS scores were administered, and (5) studies that
examined either the prognostic value of the PPS tool for sur-
vival or association between the PPS and survival/mortality.
Studies were excluded if they (1) provided only a discussion,
opinion, commentary, review, or editorial; (2) were a published
conference abstract only or presentation slides; (3) examined
healthcare providers’ outcomes (e.g., level of knowledge,
perspectives) without patient outcomes; or (4) involved patients
who were <18 years old.

Data extraction and analysis

Titles were screened (D.B.), and abstracts were indepen-
dently reviewed by two reviewers (D.B. and RM.C.) to
identify eligible studies. During the abstract review, the two
reviewers met and compared opinions on included and ex-
cluded articles, and consensus was reached through discus-
sion when there were different opinions. Full-text articles
were reviewed by two reviewers (D.B. and R.M.C.). The
following data were extracted in the final review and pre-
sented in a table of an Excel spreadsheet: (1) author, (2) year
of publication, (3) country, (4) study design, (5) study setting,
(6) patient characteristics (number of participants at baseline,
mean age, gender, race/ethnicity, diagnosis type, and PPS
scores at baseline), and (7) patient outcomes measured. After
the coding process, the extracted data were analyzed and
synthesized using descriptive statistics.
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Quality assessment

The Good ReseArch for Comparative Effectiveness
(GRACE) checklist'” was used to assess the quality of the
included studies. This tool was chosen because it is validated
and designed to systematically assess the rigor of observa-
tional research studies.'”"'® The GRACE checklist consists of
11 items, including 6 related to data and 5 related to methods.
The 11 items are scored by dichotomized responses of suf-
ficient (““+°’) or insufficient (“‘-""). Four reviewers (D.B.,
D.R,, L.J., and R.M.C.) independently assessed the quality of
the studies. Consensus was reached through discussion when
there were discrepancies.

Results
Study selection

A flow diagram illustrating our review process is shown in
Figure 1. The initial search yielded 219 articles from three
electronic databases. Of the 219 articles, 72 articles were
duplicates and removed. Titles of the remaining 147 articles
were screened based on the inclusion/exclusion criteria of
this review for eligibility. The titles for 53 of these articles
passed an initial screening, and the abstracts were more
closely reviewed. During the abstract review, 22 articles were
excluded because they did not meet the inclusion criteria of
this review. The remaining 31 articles were included for the
full-text review, and then 14 articles were excluded for sev-
eral reasons (e.g., not in English, presentation slides). In total,
17 articles were included for the final review.

Study information

All 17 reviewed studies were published between 2009 and
2017 in seven countries, with the majority in Canada (n=6;
35%) and the United States (n=35; 29%) (Fig. 2A). The most
common study design was a prospective study design (n=9;
53%), followed by retrospective (n=8; 47%). Studies included
in this review were conducted in inpatient palliative care
units (n=4; 23.5%), outpatient/ambulatory care/community-
dwelling settings (n=4; 23.5%), and mixed palliative care
settings (n=4; 23.5%), including skilled nursing facilities,
inpatient palliative care units, home hospice settings, and out-
patient palliative care settings (Fig. 2B).

Overall, nine studies (53%) included patients diagnosed
with cancer, and eight studies (47%) included palliative care
patients with mixed diagnoses such as cancer, cardiovascular
disease, and stroke. The majority of the studies (n=11; 65%)
recorded patients’ PPS scores by clinicians (physician or reg-
istered nurse) who cared for patients in the study settings. Of the
remaining six studies, four did not clearly report who measured
and recorded the PPS scores, while two studies stated that pa-
tients” PPS scores were recorded by research team members
(e.g., physician, registered nurse) who did not involve in caring
for patients in the study settings (Tables 1 and 2).

PPS scores at baseline

Of the 17 studies, 13 (76%) reported the detailed PPS scores
on admission or during a baseline interview. Of the four re-
maining studies, most either did not specify the initial PPS
scores or reported only the PPS range, mean, or median.
Among the 13 studies that reported the details of initial PPS
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FIG. 1. PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

scores, seven''%141922 reported the initial PPS as a categorical

variable that ranged from three to nine cut-points. Each of these
seven studies chose different categorical cut-points. For ex-
ample, Maltoni et al.*° reported three categories (PPS 10-20%,
PPS 30-50%, PPS >60%). Of the 13 studies, the 6 remain-
ing®>!213:2324 reported the initial PPS scores as discrete vari-
ables, which had different ranges of PPS scores (e.g., PPS 10—
70%, PPS 40-90%). Of the six studies, two studies™ reported
PPS ranging from 10% to 70%, while the four remaining studies
reported various ranges. For example, O’Mahony et al.* re-
ported PPS scores ranging from 40% to 90%, while Lau et al."!
reported PPS scores ranging from 10% to 80%.

Patient outcomes measured

The included studies measured patient outcomes as either
survival times (n=14; 82%) or survival/mortality propor-
tions (n=3; 18%). PPS scores were represented as categorical
or discrete variables within different cohorts. In this review,
survival time was defined as the period between the date of
admission or a baseline interview and the date of death.
Thirteen studies (76%) included covariates in their prediction
models when using the PPS to estimate survival times. The

most common covariate was age (n=10), followed by gender
(n=9) and diagnosis or cancer site (n=38).

Survival estimates by PPS scores

As described above, most studies (n=15; 88%) reported
survival time or proportions predicted by PPS scores. Spe-
cifically, survival estimates among five studies with PPS
scores of 10% ranged from one to three days."''~'** The
survival ranges for patients who scored 30% on the initial
PPS were substantially wider (5-36 days). To examine the
accuracy of PPS scores in predicting survival, three studies
(18%)"'%**2° measured the predictive validity of the PPS by
using sensitivity, specificity, or the area under the curve
(AUC). Mei et al.'” showed that the study model increased
predictive accuracy of survival in patients within 90 days,
with a positive predictive value (PPV) of 79% and an AUC of
0.70. Kim et al.?® reported that when the PPS scores are
<30%, the predictive accuracy of the PPS for three- and four-
week survival was acceptable (AUC=0.729 and 0.771, re-
spectively). The findings from these two studies differed
from Maltoni et al.?® who found that the predictive accuracy
of the PPS at 30 days was less than a PPV of 50%.
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FIG. 2. Characteristics of included studies. (A) Countries. (B) Study settings. *Mixed palliative care settings included
skilled nursing facilities, inpatient palliative care units, home hospice settings, and outpatient palliative care settings.

To better understand the use of the PPS for survival pre-
diction based on patient diagnoses, we analyzed the prog-
nostic value of the PPS tool on survival by dividing all
included studies into two diagnosis groups (cancer vs. mixed
diagnosis).

Survival estimates for cancer patients

The PPS survival among studies that only included cancer
patients (n=9) is summarized in Table 1. The studies were
most commonly conducted in Canada (n=3) and the United
States (n=2). The most common study settings were outpa-
tient/ambulatory care/community-dwelling settings (n=4),
followed by inpatient palliative care units (n=3). The num-
ber of participants at baseline ranged from 62 to 11,342. Of
the nine studies, seven reported mean age of patients with
cancer, which ranged from 61 to 71 years. Eight studies
reported the gender of patients; four studies included a
higher percentage of females, and the remaining four studies
consisted of a higher percentage of males. Most studies
(n=28) did not examine the race or ethnicity of study par-
ticipants; however, one study13 conducted in the United
States reported that the largest racial or ethnic group was

African American (46.3%), followed by Caucasian (30.9%).
All but one of the studies” reported specific types of par-
ticipants’ cancer diagnoses. Of the nine studies that in-
cluded cancer patients, eight reported initial PPS scores, and
each study chose to report different ranges of the PPS
scores. Five of these studies reported categorical scoring of
the PPS.'%!'*1921 However, these scoring categories dif-
fered considerably across studies, ranging from three to nine
categories. Three studies®'>?® reported the initial PPS
scores as a discrete variable and had different ranges of PPS
scores in their patient populations.

All nine studies reported detailed survival time stratified
by initial PPS scores recorded on admission or during a
baseline interview, and the survival time was reported by
categorical or discrete variables of the PPS scores within
different cohorts. All nine studies reported a significant as-
sociation between PPS scores and survival among palliative
care patients with advanced cancer.

Survival estimates for mixed diagnosis patients

The characteristics among eight of the studies with a mixed
diagnosis palliative care sample are summarized in Table 2.
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REVIEW OF USING THE PPS FOR SURVIVAL PREDICTION

The included studies were conducted in Canada (n=3), the
United States (n=3), Singapore (n=1), and the United
Kingdom (r=1). The most common study settings were
mixed palliative care settings (n=4), followed by acute care
units/inpatient hospitals (n=3). The number of participants
in these studies ranged from 123 to 118,532. Of the eight
studies, five™”!""!2** reported the mean age of study 2par-
ticipants ranging from 70 to 79 years. Seven'>%-!1:1222.3 of
the eight studies included a higher percentage of females.
Three studies”**** conducted in the United States exam-
ined the race or ethnicity of the study participants, and re-
vealed that the majority of the study participants were
Caucasian.

Of the eight studies, five examined detailed initial PPS scores,
and reported them with different ranges of the scores across
the studies. Two studies'** reported categorical initial PPS
scores using five and seven categories, respectively. Three
studies®***7 reported the initial PPS scores as a discrete
variable, and each chose different ranges of PPS scores
(e.g.,PPS 10% ~ PPS 70%, PPS 10% ~ PPS 80%, and PPS
50% ~ PPS 100%).

Regarding patient outcomes estimated by categorical or
discrete variables of the PPS scores, most studies (n=6, 75%)
measured survival time or proportions, and the remaining two
studies*>** analyzed mortality rates. All eight studies re-
vealed that the PPS was a significant predictor for survival
time or mortality rate.

Discussion

In this systematic literature review, we critically evaluated
the relationship between PPS scores and survival times or
proportions by synthesizing research across diverse care
settings and analyzing differences in the characteristics of
studies between two diagnosis groups (cancer vs. mixed di-
agnosis). The PPS was a significant predictor of survival for
patients with both cancer and other end-of-life diagnoses. As
such, this review confirms previous study findings among
patients with cancer’ and supports the use of the PPS tool for
estimating the length of survival among patients with mixed
end-of-life diagnoses such as heart disease, pulmonary dis-
ease, and dementia.

Most studies included in this review were conducted in
Canada and in the United States. This was consistent with
findings from a previous review,” and is most likely ex-
plained by the fact that the PPS was developed at the Victoria
Hospice Society in Canada.” Specifically, because there
were already established research teams in Canada, the evi-
dence base establishing the use of PPS as a tool for estimating
survival is larger compared with other countries.

Both prospective and retrospective designs were used in
the studies included in this review. Prospective designs were
defined as studies in which researchers recruited participants
to assess the PPS at baseline and collected follow-up data
about survival length or proportions. Retrospective designs
were defined as studies in which the researchers used medical
record data to define PPS scores and survival/mortality after
the point at which the patient had received treatment. The
retrospective studies may be limited by less accurate mea-
surements of PPS scores compared with prospective studies
because trained researchers could not interview palliative
care patients.”®
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Across studies, there was wide variation in how the PPS
scores and subsequent survival were reported. Some studies
examined the PPS scores using categorical variables, while
others used discrete measures of the PPS. Specifically,
studies reporting the categorical PPS scores included vari-
ous numbers of categories and cut-points. Studies reporting
the discrete measure of the PPS also described different
ranges of the PPS and subsequent survival estimates.
Moreover, these studies did not present the rationale re-
garding how or why they chose ways to categorize PPS
scores or decided to use certain ranges of PPS scores.
Downing et al.'® also reported the need for the consistency
in reporting survival probabilities and length of survival
based on the PPS scores. The lack of consistency in cate-
gorization of PPS scores hampers our ability to draw com-
parisons between studies utilizing survival analysis among
different palliative care populations. Downing et al.'® sug-
gested the following recommendations for consistently re-
porting survival based on the PPS scores: (1) reporting
median survival times according to PPS levels; (2) using
PPS quartiles with confidence intervals to convey infor-
mation about early, mid, and late survivors; or (3) estab-
lishing a life table from PPS survival curves.

A majority of the studies focused on examining the as-
sociation between the PPS and survival, while only three
studies investigated the predictive accuracy of the PPS by
using sensitivity, specificity, or AUC. Examining the opti-
mal cutoff points of the PPS for the prediction of survival
is essential to provide helpful information about when
and which diagnoses the PPS tool is effectively predictive
of survival. More studies investigating the predictive ac-
curacy of the PPS in estimating survival across heteroge-
neous palliative care populations are needed to help
healthcare providers predict accurate survival times using
the PPS tool.

Limitations

This review included only studies written in English;
thus, it may have missed studies that report the relationship
between the PPS and survival in non-English-speaking
countries. The PPS scores were not reported consistently
across studies; thus, the heterogeneity in how PPS scores
were reported in relation to survival times/proportions
limited our ability to conduct a meta-analysis. Incon-
sistencies may also be introduced in survival estimation
through the recent reorientation of palliative care away from
specialized clinicians trained in palliative medicine toward
a “‘palliative approach’ in which palliative knowledge and
expertise is integrated into models of care that do not for-
mally specialize in palliative care.”” This issue may be an
important topic for future reviews investigating the associ-
ation of PPS scores with survival among patients nearing the
end of life.

Conclusion

The findings from this review confirm that the PPS tool has
been used more frequently to estimate survival in patients
with cancer, and that there is a lot of opportunity to apply the
tool to palliative care patients with different end-of-life di-
agnoses. In studies that include the PPS as a measure, there
should be more consistency in how it is reported to support
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generalizability of the measure across study settings and
disease diagnoses. Additional research is needed to deter-
mine evidence-based cut-points for different patient popu-
lations. Moreover, further research is needed in countries
where the PPS is less widely used, such as countries in South
America, Africa, Europe, and Asia, to obtain more reliable
and validated measures for survival prediction by consid-
ering different races, ethnicities, and cultures. Specifically,
Europe mainly uses the Karnofsky Performance Scale, and
Japan incorporates the PPS into the Palliative Prognostic
Index.*® More research is also needed on how the PPS tool
can be used in other underrepresented palliative care patient
populations such as those with heart disease. Finally, we
recommend that the PPS is used in acute care or home care
settings to identify those who should receive palliative care
services earlier.
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APPENDIX A. PALLIATIVE PERFORMANCE SCALE

PPS
level (%) Ambulation Activity and evidence of disease Self-care Intake Conscious level
100 Full Normal activity & work Full Normal Full
No evidence of disease
90 Full Normal activity & work Full Normal Full
No evidence of disease
80 Full Normal activity & work Full Normal or Full
No evidence of disease Reduced
70 Reduced Unable Normal Job/Work Full Normal or Full
Significant disease Reduced
60 Reduced Unable hobby/house work Occasional Normal or Full or Confusion
Significant disease assistance necessary Reduced
50 Mainly Unable to do any work Considerable Normal or Full or Confusion
Sit/Lie Extensive disease assistance required Reduced
40 Mainly Unable to do most activity Mainly assistance Minimal Full or Drowsy
in Bed Extensive disease to sips +/— Confusion
30 Totally Unable to do any activity Total Care Mouth Full or Drowsy
Bed Bound Extensive disease care only +/— Confusion
20 Totally Unable to do any activity Total Care Full or Drowsy
Bed Bound Extensive disease +/— Confusion
10 Totally Unable to do any activity Total Care Drowsy or Coma
Bed Bound Extensive disease +/— Confusion
0 Death - - - -

PPS =Palliative Performance Scale.

APPENDIX B. SEARCH TERMS

Embase

Cochrane library

‘palliative performance scale’/exp OR

‘palliative performance scale’:ti,ab OR

PubMed
Phase 1. “palliative performance
scale’’[tiab]
OR ppsv2[tiab]
Phase 2. “prognosis”’[mesh] OR

prognosis[tiab] OR
prognos*[tiab] OR
predict*[tiab] OR
“mortality”’[mesh] OR
mortality[tiab] OR

ppsv2:ti,ab OR ppsv2

‘prognosis’/exp OR ‘prognosis’:ti,ab OR
‘prognos*’:ti,ab OR ‘predict*’:ti,ab OR
‘mortality’/exp OR ‘mortality’:ti,ab OR
‘survival’/exp OR ‘survival’:ti,ab OR
‘hospital readmission’/exp OR
‘rehospitalization’:ti,ab OR

““palliative performance
scale”:ti,ab OR ppsv2:ti,ab

prognosis (mesh) OR
prognos*:ti,ab OR
predict*:ti,ab OR
mortality (mesh) OR
mortality:ti,ab OR
survival (mesh) OR

“survival”’ [mesh] OR
survival[tiab] OR
rehospitalization[tiab] OR
rehospitalization[tiab] OR
length of service*[tiab]

‘re-hospialization’:ti,ab

survival:ti,ab OR
rehospitalization:ti,ab OR
rehospitalization: ti,ab OR
length of service*:ti,ab

Phase 1 AND Phase 2




