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Abstract

Introduction Survival prediction for patients with incurable malignancies is invaluable information during end-of-life discus-
sions, as it helps the healthcare team to appropriately recommend treatment options and consider hospice enrolment. Assessment
of performance status may differ between different healthcare professionals (HCPs), which could have implications in predicting
prognosis. The aim of this systematic review and meta-analysis is to update a prior systematic review with recent articles, as well
as conduct a meta-analysis to quantitatively compare performance status scores.

Methods A literature search was carried out in Ovid MEDLINE, Embase, and Cochrane Central Register of Controlled Trials,
from the earliest date until the first week of August 2019. Studies were included if they reported on (1) Karnofsky Performance
Status (KPS), Eastern Cooperative Oncology Group (ECOG) Performance Status, and/or Palliative Performance Scale (PPS) and
(2) assessment of performance status by multiple HCPs for the same patient sets. The concordance statistics (Kappa,
Krippendorft’s alpha, Kendall correlation, Spearman rank correlation, Pearson correlation) were extracted into a summary table
for narrative review, and Pearson correlation coefficients were calculated for each study and meta-analyzed with a random effects
analysis model. Analyses were conducted using Comprehensive Meta-Analysis (Version 3) by Biostat.

Results Fourteen articles were included, with a cumulative sample size of 2808 patients. The Pearson correlation coefficient was
0.787 (95% CI: 0.661, 0.870) for KPS, 0.749 (95% CI: 0.716, 0.779) for PPS, and 0.705 (95% CI: 0.536, 0.819) for ECOG. Four
studies compared different tools head-to-head; KPS was favored in three studies. The quality of evidence was moderate, as
determined by the GRADE tool.

Conclusions The meta-analysis’s Pearson correlation coefficient ranged from 0.705 to 0.787; there is notable correlation of
performance status scores, with no one tool statistically superior to others. KPS is, however, descriptively better and favored
in head-to-head trials. Future studies could now examine the accuracy of KPS assessment in prognostication and focus on model-
building around KPS.
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Introduction

Survival prediction for patients with incurable malignan-
cies is invaluable information during end-of-life discus-
sions, as it helps the healthcare team to appropriately
recommend treatment options and consider hospice en-
rolment [1]. A good estimate of survival, for example,
can help avoid aggressive medical care that may lead to
lower quality of life, worse caregiver bereavement out-
comes, and a greater economic burden from healthcare
[2-4].

Many studies have reported that performance status is
a good prognostic indicator in patients with advanced
cancer [5—10]. A literature review by Krishnan et al. in
2013 identified that 10 of 13 studied prognostic models
incorporated performance status scores, namely, the
Karnofsky Performance Status (KPS), Palliative
Performance Scale (PPS), or Eastern Cooperative
Oncology Group (ECOG) Performance Status [11].
These scales have also been used for enrolment eligibil-
ity into clinical trials as well as stratification factors in

oncology trial analysis [1]. These validated tools, how-
ever, are subjective and hence can be subject to bias and
high interobserver variability [12].

Performance status may differ between different
healthcare professionals (HCPs), which could have impli-
cations in predicting prognosis. It would therefore be of
interest to determine and subsequently use the performance
status with greatest interrater reliability during prognosti-
cation, to ensure minimal variation between clinicians. In
2016, a systematic review by Chow et al. studied interrater
reliability of HCPs and reported that KPS had better agree-
ment than both ECOG and PPS, based on narrative synthe-
sis [1]. A meta-analysis of study data may be able to pro-
vide a better comparison of performance scales. Since then,
several papers have also been published in the field, which
could provide further insight into the interrater
concordance.

The aim of this systematic review and meta-analysis is
to update the aforementioned systematic review with re-
cent articles, as well as conduct a meta-analysis to quanti-
tatively compare performance status scores.

Table 1 Study demographics
Study Country Sample  Performance Assessors
size scale
Hutchinson et al., 1979  Canada 60 KPS Emergency room physician and senior medical resident (n = 29)
[19] Two renal physicians (n=31)
Schag et al., 1984 [20] United States of 75 KPS Physicians/oncologists and mental health
America professionals/psychologists/psychiatrist
Conill et al., 1990 [21] Spain 100 KPS Two oncologists
ECOG
Roila et al., 1991 [22] Italy 209 KPS Two oncologists
ECOG
Sorensen et al., 1993 [23] Denmark 100 ECOG Three oncologists
Fantoni et al., 1999 [24]  Italy 657 KPS Experienced physician, young physician, and experienced nurse
Taylor et al., 1999 [25] Australia 100 KPS Oncologist, ward resident medical officer, and principal treating
ECOG nurse
Ando et al., 2001 [26] Japan 206 ECOG Oncologist and nurse
Liem et al., 2002 [27] United States of 117 KPS Attending and resident radiation oncologist
America
de Borja et al., 2004 [28] Canada 36 KPS Attending radiation oncologist, primary care nurse, staff radiation
ECOG therapist
Campos et al., 2009 [29] Canada 102 PPS Attending radiation oncologist and palliative radiation therapist
Zimmermann et al., 2010 Canada 457 KPS Physician and nurse
[30] ECOG
PPS
Kim et al., 2015 [31] United States of 278 ECOG Palliative care specialist, palliative care nurse, and medical
America oncologist
Neeman et al., 2019 [32] United States of 311 ECOG Oncologist and nurse
America

ECOG Eastern Cooperative Oncology Group Performance Status
KPS Karnofsky Performance Status
PPS Palliative Performance Scale
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Table 2 Interrater concordance of performance status scales

Study Concordance statistic

Interpretation

Karnofsky Performance Status (KPS)

Hutchinson et al., 1979 [19] Kappa coefficient = 0.50 (emergency room physician and resident) Kappa coefficient = 0.46 Good
(two renal physicians) Good
Schag et al., 1984 [20] Pearson correlation = 0.89 Good
Kappa coefficient=0.53 Good
Conill et al., 1990 [21] Kendall’s correlation =0.76 Good
Roila et al., 1991 [22] Kappa coefficient=0.921 Good
Fantoni et al., 1999 [24] Kendall’s correlation = 0.82 (experienced and young physician) Good
Kendall’s correlation = 0.77 (experienced physician and nurse) Good
Kendall’s correlation = 0.76 (young physician and nurse) Good
Taylor et al., 1999 [25] Spearman correlation = 0.60—1.00 Good
Liem et al., 2002 [27] Kappa coefficient =0.29 Poor
Pearson correlation = 0.85 Good
Spearman correlation = 0.76 Good
Kendall’s correlation = 0.67 Moderate
de Borja et al., 2004 [28] Spearman correlation = 0.74 (physician and nurse) Good
Spearman correlation = 0.67 (physician and radiation therapist) Good
Zimmermann et al., 2010 [30] Kappa coefficient = 0.74 Moderate
Eastern Cooperative Oncology Group Performance Status (ECOG)
Conill et al., 1990 [21] Kendall’s correlation =0.75 Good
Roila et al., 1991 [22] Kappa coefficient=0.914 Good
Taylor et al., 1999 [25] Spearman correlation = 0.60—1.00 Good
de Borja et al., 2004 [28] Spearman correlation = 0.77 (physician and nurse) Good
Spearman correlation = 0.57 (physician and radiation therapist) Good
Zimmermann et al., 2010 [30] Kappa coefficient = 0.67 Moderate
Kim et al., 2015 [31] Kappa coefficient = 0.26 (palliative care physician and medical oncologist) Poor
Kappa coefficient = 0.23 (palliative care nurse and medical oncologist) Poor
Kappa coefficient = 0.61 (palliative care physician and palliative care nurse) Moderate
Neeman et al., 2019 [32] Kappa coefficient = 0.486 Moderate
Spearman correlation = 0.612 Good
Palliative Performance Scale (PPS)
Campos et al., 2009 [29] Spearman correlation = 0.69 (physician and radiation therapist) Good
Spearman correlation = 0.83 (physician and research assistant) Very good
Spearman correlation = 0.76 (radiation therapist and research assistant) Good
Zimmermann et al., 2010 [30] Kappa coefficient = 0.72 Moderate

Note: The interpretation is based on criteria established in the Methods section

Methods
Search strategy

A literature search was carried out in Ovid MEDLINE,
Embase, and Cochrane Central Register of Controlled Trials,
from the earliest date until the first week of August 2019. The
search was based off of that conducted by Chow et al. [1] and
incorporated phrases such as “Karnofsky Performance
Status,” “Eastern Cooperative Oncology Group Performance
Status,” “Palliative Performance Status,” and “prognostic tool
or prognostic instrument.” The search was restricted to
English-language articles. As the prior review assessed

articles up until July 2015, a manual restriction was subse-
quently imposed on the search results, identifying only articles
published in 2015 or beyond for screening in this systematic
review [Appendix 1].

Screening

Following duplication removal, titles and abstracts were
reviewed (Level 1 screening) to determine whether papers
(1) used either KPS, PPS, or ECOG and (2) had perfor-
mance status assessment conducted by multiple individ-
uals. These studies were then eligible for full-text review
(Level 2 screening) and included for data extraction if
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Fig. 1 PRISMA flow diagram

578 records identified through
database search, after manual
data restriction

23 additional records identified
through included studies and

previous systematic review

!

306 records screened after
duplicates removed (n=295)

272 records excluded

34 full-text articles assessed

for eligibility
16 studies excluded:
Abstracts only — 11
v Compared scores with patients only — 5

18 articles included in
systematic review and assessed
for quantitative synthesis

(meta-analysis)

v

14 articles included in
quantitative synthesis (meta-

analysis)

studies reported multiple HCPs who rated the same pa-
tients and reported on inter-rater concordance. Inter-rater
data between students and healthcare professionals were
not eligible for inclusion. Abstracts without accompany-
ing full texts were excluded at this stage. Data was sub-
sequently extracted from articles, to note the calculated
concordance statistic as well as the inter-rater concor-
dance table. For studies that did not have an inter-rater
concordance table, the authorship team was contacted to
request for the data. If no response was received, authors
were contacted again at both 2 and 4 weeks after the
original request. Studies were excluded from this review
if authors could not be reached or could not provide the
available data.

Fig. 2 Karnofsky Performance Study name

Status (KPS)

Hutchinson et al, 1979
Hutchinson et al, 1979 (2)
Schag et al, 1984

Roila et al, 1991

de Borja et al, 2004

de Borja et al, 2004 (2)
de Borja et al, 2004 (3)
Zimmermann et al, 2010
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Meta-analysis

The primary endpoint was the reported or calculated concor-
dance statistic, based on underlying data supplied by the au-
thorship team of the published paper. The reported statistics
were included in narrative synthesis. Kappa values range from
—1 to +1, with values closer to +1 indicating higher concor-
dance. Krippendorft’s alpha has a range from 0 to 1, where
higher values indicate better concordance. Kendall’s tau coef-
ficient, Spearman rank correlation, and Pearson correlation
coefficient span from —1 to +1; absolute value of correlation
statistics closer to 1 indicates greater agreement while the
polarity of the statistic indicating the direction of agreement.
The concordance statistics were interpreted as follows:

Statistics for each study Correlation and 95% CI

Lower Upper

Correlation  limit limit Z-Value p-Value

0.531 0205 0.752 3.019 0.003 —
0782 0.592  0.890 5.563 0.000 —_—
0.890  0.831 0.929 12.065 0.000 -+
0921  0.897 0939 22.854 0.000 +
0.813  0.627 0912 5.569 0.000 —_—
0.668  0.386 0.836 3.957 0.000 —1
0.656  0.368  0.829 3.850 0.000 —_
0.741  0.697 0.780  20.309 0.000 +
0.787  0.661  0.870 7.732 0.000 ‘

-1.00 -0.50 0.00 0.50 1.00
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Fig. 3 Palliative Performance Study name Statistics for each study Correlation and 95% CI
Scale (PPS) Lower Upper
Correlation limit  limit Z-Value p-Value
Campos et al, 2009 0.687 0.568 0.777 8.371 0.000 —
Campos et al, 2009 (2) 0.856 0.794 0.901 12.718  0.000 -+
Campos et al, 2009 (3) 0.770  0.677 0.839 10.147  0.000 —+
Zimmermann et al, 2010 0.727 0.681 0.768 19.666  0.000 +
0.749 0.716 0.779 26.632  0.000 ‘
-1.00 -0.50 0.00 0.50 1.00

— Kappa values greater than 0.40 indicate moderate agree-
ment, and values above 0.75 reflect good agreement [13].

—  Krippendorft’s alpha of 0.80 or higher is considered as
good correlation [14].

—  Kendall coefficient in excess of 0.7 is interpreted as good
reliability [15].

—  Spearman rank correlation values (specifically, absolute
values) from 0.4 to 0.6 indicate moderate correlation, 0.6
to 0.8 indicates good correlation, and 0.8 to 1.0 indicates
very good correlation [16].

—  Pearson correlation coefficient greater than 0.80 signifies
good correlation, while values less than 0.5 denote poor
correlation [17].

Pearson correlation coefficients were recorded or calculat-
ed for each study and meta-analyzed with a random effect
analysis model to yield a summary correlation coefficient
per performance status scale. Analyses were conducted using
Comprehensive Meta-Analysis (Version 3) by Biostat.

Assessment of study quality

The Grading of Recommendations Assessment, Development
and Evaluation (GRADE) tool [18] was used to assess the
quality of evidence, for studies and the corresponding data,
pertaining to each performance status.

Results

A total of 578 records were identified through search
strategy, following manual restriction by date of

Fig. 4 Eastern Cooperative Study name

Oncology Group Performance

Status (ECOG
( ) Roila et al, 1991

de Borja et al, 2004

de Borja et al, 2004 (2)
de Borja et al, 2004 (3)
Zimmermann et al, 2010
Kim et al, 2015

Neeman et al, 2019

publication. From the prior systematic review and also
through searching the reference lists of the included stud-
ies, an additional 23 records were identified. After dupli-
cates were removed, 306 records underwent Level 1
screening; 34 were subsequently assessed during Level 2
screening. Eighteen were deemed relevant for data extrac-
tion, of which 14 [19-32] were included in our review
(Fig. 1). Two studies included in the prior review were
excluded, as only a conference proceeding was published
[33, 34].

A total of 2808 patients were studied across all 15 studies;
sample size per study ranged from 36 to 657. KPS was studied
in 9 studies, ECOG in 9, studies and PPS in 2 studies
[Table 1]. Studies reported moderate to good inter-rater reli-
ability for all three tools [Table 2]. Only one study, by
Zimmermann et al. [30], studied all three tools; KPS had the
best inter-rater concordance. Three other studies studied both
KPS and ECOG, two (Conill et al., 1990 [21] and Roila et al.,
1991 [22]) reported better inter-rater agreement for KPS, and
one (Taylor et al., 1999 [25]) presented inconclusive data.

The meta-analysis yielded Pearson correlation coefficients
of 0.787 (95% CI: 0.661, 0.870) for KPS, 0.749 (95% CI:
0.716, 0.779) for PPS, and 0.705 (95% CI: 0.536, 0.819) for
ECOG [Figs. 2, 3, and 4]; there is no tool that is statistically
superior in terms of reliability, given the overlapping confi-
dence intervals. The quality of evidence was assessed to be
moderate for each performance status tool [Table 3].

Discussion This is the first meta-analysis of this nature to our
knowledge with a total sample size of 2808. The meta-
analysis did not indicate any tool to be statistically superior
in terms of inter-rater reliability, as noted by overlapping

Statistics for each study Correlation and 95% CI

Lower Upper

Correlation  limit limit Z-Value p-Value
0918 0.894 0.937 22.622 0.000 +
0.805 0.612  0.907 5.452 0.000 —_—
0.562 0.231 0.776 3.114 0.002 —_—
0.469  0.109 0.721 2.494 0.013 —_—6
0.681 0.628 0.727 17.698 0.000 -+
0.555 0468 0.631 10.372 0.000 H-
0.646  0.576  0.707 13.491 0.000 -+
0.705 0.536 0.819 6.186 0.000 ’

-1.00 -0.50 0.00 0.50 1.00
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Table 3 GRADE summary of findings table (adapted version): performance status tools
Performance status tool Correlation (95% CI) Number of participants Number of studies Quality of evidence (GRADE)
Karnofsky Performance Status 0.787 (0.661, 0.870) 882 4 DODO

Moderate due to imprecision®
Palliative Performance Scale 0.749 (0.716, 0.779) 763 2 DSDDO

Moderate due to imprecision®
ECOG Performance Status 0.705 (0.536, 0.819) 1336 5 DOBO

Moderate due to imprecision™®

#Some studies had small sample size or large variability, leading to wide confidence intervals

®Some studies had extra segments of scores (i.e., ECOG score of 3.0, 3.5, 4.0), leading to varying variability

confidence intervals. The point interval estimates of the
Pearson correlation coefficients suggest that KPS has the best
concordance, which is similarly echoed in the single study that
compared all three tools [30]. Given that two of the three
studies that examined KPS and ECOG similarly echo KPS
to have superior inter-rater reliability, KPS may be slightly
better, descriptively, than other tools. This conclusion supports
the prior review [1].

Despite the reported differences in inter-rater concordance,
multiple studies report good correlation of PS scores.
However, the correlation is not perfect, and this may be due
to different assessment techniques. While medical oncologists
may place emphasis on documenting efficacy and toxicity of
treatment, palliative care physicians may focus more on symp-
tom distress and daily function and thereby downgrade a pa-
tient’s performance status. Coupled with the fact that oncolo-
gists only continue chemotherapy for patients with better per-
formance status, they may have a more optimistic bias in
determining performance status than palliative care specialists
[31]. To improve inter-rater reliability, training programs may
be useful, to refocus HCPs towards common assessment
techniques.

Scores may also vary between HCPs based on clinic flow.
HCPs who typically bring patients into the examination room
tend to have a greater understanding of patients’ disabilities
[30]. Nurses and research assistants, therefore, may have a
greater understanding of functionality and mobility of pa-
tients; an oncologist may not be aware of a patient’s disabil-
ities and may grade patients differently. To date, however,
there is no investigation into whether nurses or research assis-
tants rate performance status with greater accuracy.

This systematic review was not without limitations. As
inherent in all systematic review methodologies, individual
study bias is not minimized due to simply amalgamating study
data in a meta-analysis. Additionally, multiple studies that had
raw data on inter-rater reliability were not included in this
review due to lack of data available, even after contacting
the authorship teams. The applicability of Pearson correlation
coefficient as a stand-alone summary metric generated by
meta-analysis may not be as applicable/robust as Kappa

@ Springer

coefficient and Spearman rank correlation coefficients, which
may be more suitable for summarizing inter-rater concordance
data. The Pearson correlation therefore should be used for
predominantly illustrative purposes for comparison, rather
than a definitive estimate of concordance.

In conclusion, KPS may be the best performance status
tool, albeit not statistically superior to others. There is, how-
ever, a paucity of studies directly comparing different perfor-
mance status tools, and future studies could compare multiple
tools head-to-head. Given this study conclusion and agree-
ment with the prior review, future studies could now examine
the accuracy of KPS assessment in prognostication and focus
on model-building around KPS. Furthermore, training pro-
grams may potentially be useful in standardizing assessment
techniques, to increase inter-rater reliability.

Compliance with ethical standards

Conflict of interest None.

Appendix 1
Search Strategy

Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-
Process & Other Non-Indexed.

Citations, Daily and Versions(R) <1946 to August 05,
2019 > Search Strategy:

1 exp. Karnofsky Performance Status/ or Karnofsky per-
formance status.mp. (4669).

2 Eastern Cooperative Oncology Group Performance
Status.mp. (2204).

3 (KPS or ECOGPS or ECOG or ECOG or PPS).mp.
(16049).

4 ((Karnofsky or Eastern Cooperative Oncology Group or
palliative) adj4 (scale or status or score)).mp. (11320).

5 (performance status or performance scale or performance
score).mp. (27973).

6 or/1-5 (40324).

7 ((evaluat* or assess* or compar* or choose or choice or
select or pick or prefer* or inter-rater or interrater or rate or
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rating or difference*) adj5 (“performance status” or “perfor-
mance score” or “performance scale” or KPS or Karnofsky or
ECOG* or prognostic tool* or prognostic.

instrument*)).mp. (3265).

8 (physician* or doctor* or nurse* or oncologist* or re-
search assistant* or clinician* or practitioner*® or
specialist®).mp. (1250590).

9 ((physician* or doctor* or nurse* or oncologist* or re-
search assistant® or clinician* or practitioner* or specialist*)
adj5 (“performance status” or KPS or Karnofsky or ECOG*
or prognostic tool* or prognostic instrument*)).mp. (218).

10 6 and (9 or (7 and 8)) (357).

11 limit 10 to English language (346).

Database: Embase Classic+Embase <1947 to 2019 Week
31> Search Strategy:

1 exp. Karnofsky Performance Status/ or Karnofsky per-
formance status.mp. (11358).

2 Eastern Cooperative Oncology Group Performance
Status.mp. (3254).

3 (KPS or ECOGPS or ECOG or ECOG or PPS).mp.
(40720).

4 ((Karnofsky or Eastern Cooperative Oncology Group or
palliative) adj4 (scale or status or.

score)).mp. (19654).

5 (performance status or performance scale or performance
score).mp. (54278).

6 or/1-5 (82709).

7 ((evaluat* or assess* or compar* or choose or choice or
select or pick or prefer* or inter-.

rater or interrater or rate or rating or difference™*) adj5 (“per-
formance status” or “performance score” or “performance
scale” or KPS or Karnofsky or ECOG* or prognostic tool*
or prognostic.

instrument®)).mp. (6119).

8 (physician* or doctor* or nurse* or oncologist* or re-
search assistant® or clinician* orpractitioner® or
specialist®).mp. (1768578).

9 ((physician* or doctor* or nurse* or oncologist* or re-
search assistant™ or clinician* orpractitioner* or specialist*)
adj5 (“performance status” or KPS or Karnofsky or ECOG*
or.

prognostic tool* or prognostic instrument*®)).mp. (450).

10 6 and (9 or (7 and 8)) (845).

11 limit 10 to english language (832).

Database: EBM Reviews - Cochrane Central Register of
Controlled Trials <June 2019 > Search.

Strategy:

1 exp. Karnofsky Performance Status/ or Karnofsky per-
formance status.mp. (1445).

2 Eastern Cooperative Oncology Group Performance
Status.mp. (1102).

3 (KPS or ECOGPS or ECOG or ECOG or PPS).mp.
(12098).

4 ((Karnofsky or Eastern Cooperative Oncology Group or
palliative) adj4 (scale or status or.

score)).mp. (4804).

5 (performance status or performance scale or performance
score).mp. (13980).

6 or/1-5 (20035).

7 ((evaluat* or assess* or compar* or choose or choice or
select or pick or prefer* or inter-.

rater or interrater or rate or rating or difference*) adjS (“per-
formance status” or “performance.

score” or “performance scale” or KPS or Karnofsky or
ECOG* or prognostic tool* or prognostic.

instrument*®)).mp. (1526) (physician* or doctor* or nurse*
or oncologist* or research assistant* or clinician* or practi-
tioner* or specialist®).mp. (97075)((physician* or doctor* or
nurse* or oncologist* or research assistant* or clinician* or
practitioner* or specialist*) adjS (“performance status” or
KPS or Karnofsky or ECOG* or prognostic tool* or prognos-
tic instrument*)).mp. (59) 6 and (9 or (7 and 8)) (156)
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