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Abstract

Background: Survival is an important factor to consider when clinicians make
treatment decisions for patients with skeletal metastasis. Several preoperative
scoring systems (PSSs) have been developed to aid in survival prediction. Although
we previously validated the Skeletal Oncology Research Group Machine-learning
Algorithm (SORG-MLA) in Taiwanese patients of Han Chinese descent, the
performance of other existing PSSs remains largely unknown outside their
respective development cohorts. We aim to determine which PSS performs best
in this unique population and provide a direct comparison between these models.
Methods: We retrospectively included 356 patients undergoing surgical
treatment for extremity metastasis at a tertiary center in Taiwan to validate and
compare eight PSSs. Discrimination (c-index), decision curve (DCA), calibration
(ratio of observed:expected survivors), and overall performance (Brier score)
analyses were conducted to evaluate these models’ performance in our cohort.
Results: The discriminatory ability of all PSSs declined in our Taiwanese cohort
compared with their Western validations. SORG-MLA is the only PSS that still
demonstrated excellent discrimination (c-indexes>0.8) in our patients. SORG-
MLA also brought the most net benefit across a wide range of risk probabilities
on DCA with its 3-month and 12-month survival predictions.

Conclusions: Clinicians should consider potential ethnogeographic variations
of a PSS's performance when applying it onto their specific patient populations.
Further international validation studies are needed to ensure that existing PSSs
are generalizable and can be integrated into the shared treatment decision-making

Tse-Ying Lee and Yu-An Chen contributed equally to this manuscript.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2023 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

14264 wileyonlinelibrary.com/journal/cam4

Cancer Medicine. 2023;12:14264-14281.


www.wileyonlinelibrary.com/journal/cam4
https://orcid.org/0000-0003-0885-1750
https://orcid.org/0000-0003-0751-4648
https://orcid.org/0000-0001-8920-2052
mailto:
https://orcid.org/0000-0001-6291-392X
http://creativecommons.org/licenses/by/4.0/
mailto:oweihsin@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcam4.6097&domain=pdf&date_stamp=2023-06-12

LEE ET AL.

KEYWORDS

INTRODUCTION

Metastatic lesions in the extremities can lead to pathologic
fractures, pain, immobility, and compromised quality of
life."™* Although surgical intervention can often relieve
symptoms and prevent some pathologic fractures, it is
important to weigh the benefits against the risks asso-
ciated with surgery in patients with bone metastasis be-
cause they tend to have a limited lifespan. Patients with
a very short life expectancy might be better managed
with non-surgical treatment (e.g., radiotherapy) or min-
imally/less invasive procedures for symptomatic relief;
Patients expected to have a longer survival, on the other
hand, could benefit from more extensive surgery such as
tumor resection and prosthetic replacement to prevent
local recurrence and reconstruction failure.>® In 2020,
the Musculoskeletal Tumor Society (MSTS), American
Society for Radiation Oncology (ASTRO), and American
Society of Clinical Oncology (ASCO) jointly prepared a
clinical practice guideline for the treatment of metastatic
carcinoma and myeloma of the femur, in which the expert
panel suggested surgeons “utilize a validated method of
estimating survival of the patient in choosing the method
of reconstruction”.” Predicted survival is now recognized
as an important factor that could influence decision-
making and procedure selection in the management of
skeletal metastasis.

Survival estimation in patients with advanced can-
cer, however, is not easy. Several preoperative scoring
systems (PSSs) that incorporate various clinical and de-
mographic factors such as age, gender, primary tumor
type, and laboratory values have been developed and
validated in the past for this purpose using Western co-
horts.3* However, evidence exists that Han Chinese
people with certain types of malignancies such as
breast and prostate cancer had a better prognosis than
their Western counterparts.'>'® This raises the question
whether PSSs developed in western countries can be
readily applied onto patients in other ethnogeographic
regions. In our previous work, we found that the Skeletal
Oncology Research Group machine learning algorithm
(SORG-MLA) retained good performance in patients of
Han Chinese descent. Yet little is known regarding the
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process. As cancer treatment keeps advancing, researchers developing a new
prediction model or refining an existing one could potentially improve their
algorithm's performance by using data gathered from more recent patients that
are reflective of the current state of cancer care.

Asian cohort, external validation, extremity metastasis, survival prediction models

model performance of other existing PSSs in this ethnic
population.®

In this study, we asked whether most western-
developed PSSs were generalizable to a Taiwanese cohort
mainly composed of Han Chinese patients, and attempted
to demonstrate how these PSSs performed in a head-to-
head comparison.

MATERIAL AND METHODS
Study design

This study was designed following the transparent report-
ing of a multivariable prediction model for individual
prognosis or diagnosis (TRIPOD)***! and the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA)** guidelines. It was approved by our research
ethics committee (201912022RIND) and registered online
at PROSPERO (CRD42021266033).

Search strategy

PubMed, Embase, and Cochrane were searched as of
December 20, 2021 with no time constraint. The following
keywords and their respective combinations were used:
“survival”, “prediction model”, and “extremity metasta-
ses” (Table S1). Articles that cited the developmental stud-
ies were also screened (Figure 1).5°

The inclusion criteria for studies were: (1) full text; (2)
developing and/or validating a PSS of survival prediction
for patients with extremity metastases; and (3) providing
web-based applications or formulas of the PSS for clinical
use. The exclusion criteria for studies were: (1) not written
in English; (2) developing and/or validating models de-
signed for a specific tumor type or sarcoma; (3) developing
and/or validating models designed only for spinal metas-
tases; and (4) not reporting concordance index (c-index)
or odds ratio for discrimination analysis. Two authors in-
dependently screened all studies using the predefined cri-
teria and assessed methodological quality. Disagreements
were resolved by discussion with a third author.
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Study characteristics

In total, 16 studies were included consisting of nine devel-
opment and seven validation studies (Figures 1 and S1).
The nine PSSs included: PATHFx,'11%%32* Scandinavian
Sarcoma Group (SSG),® SORG classical algorithm
(SORG-CA), SORG nomogram (SORG-NG),”® SPRING
nomogram (SPRING-NG),”"* OPTIModel,*® Metastatic
Early Prognostic (MEP) score,'® SORG-MLA,? and re-
vised Katagiri score’*’ (Table 1). The revised Katagiri
score was not validated in this cohort due to missing data
of c-reactive protein (CRP) and lactate dehydrogenase
(LDH), leaving eight PSSs for validation (Figure 2).

Methodological quality assessment

Methodological quality assessment was assessed
by Prediction model Risk Of Bias Asessment Tool

(PROBAST),***" which determines risk of bias and ap-
plicability of prediction models in systematic reviews.
PROBAST consists of 20 signaling questions across four
domains: participant selection, predictors, outcome, and
analysis. Each domain is rated “low,” “high,” or “unclear”.
The ratings of the four domains result in an overall risk of
bias judgment.

Twelve studies (75%) displayed an overall high risk of
bias, primarily due to risk of bias in analysis domain. Most
studies used small datasets with inadequate outcome
numbers or omitted key performance measures, such as
discrimination and calibration (Figure S2, Table S2).**

External validation cohort
All 397 patients >18years old who underwent surgery

for extremity metastasis at a tertiary center in Taiwan
between 2014 and 2019 were retrospectively included
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FIGURE 2 World map of the development and validation studies.

(Figure S3). The indications for surgery were: (1) presence
of a pathologic fracture, or impending fracture deemed
unlikely to resolve with non-operative treatment alone;
and (2) patients considered fit for surgery based on a
multi-disciplinary assessment made by medical oncolo-
gist, anesthesiologist, and orthopedic surgeon. The exclu-
sion criteria were: (1) patients with a diagnosis of sarcoma
bone metastasis,**** and (2) patients whose first surgery
for extremity metastasis was not performed at our insti-
tution (Figure S3). 356 patients were eventually entered
into the analyses. This cohort was the same as the one re-
ported in our prior publication to validate SORG-MLA on
Taiwanese patients.19

Outcomes and prognostic variables

Survival endpoints were defined as the time between
index surgery for extremity metastasis and death by any
cause. Data for survival could be ascertained for 356
(100%) patients at 1-month, 350 (98%) at 3-months, 342
(96%) at 6-months, 326 (92%) at 12-months, 314 (88%) at
18-months, and 302 (85%) at 24-months. Follow-up was
censored at 2years postoperatively or at patient's death.
The following predictors were manually extracted to
compute survival predictions by each PSS: age; gender;
body mass index (BMI; kg/m?); Charlson comorbidity
besides metastatic cancer; previous systemic and local

radiation therapy; presence of visceral, brain, or lymph
node metastases; number of bone metastases; impending
or completed pathologic fracture; Eastern Cooperative
Oncology Group (ECOG) performance status; American
Society of Anesthesiology classification; primary tumor;
and 10 preoperative laboratory values.*?***%737 The sur-
geons’ estimation of survival for PATHFx was omitted as
they were not recorded. Authors of SORG's development
study did not participate in data extraction or analysis. The
same definitions used in the development studies were ad-
opted for both survival outcomes and predictor variables.

Baseline characteristics

Of the 356 patients, 98% were of Han Chinese descent
based on their self-identified ethnicity in the admission
record, which was significantly higher than the western
counterparts.”®** The median age was 61 years (range 25-
95) and 184 patients (52%) were female (Table S3). The
median BMI was 23kg/m? (range 13-39) and 215 patients
(60%) had additional Charlson comorbidities. 283 patients
(79%) had an ECOG of 0-2 while 73 patients (21%) had 3-4.
The most common primary tumor types were lung (33%),
breast (16%), and hepatocellular (10%). Mortality rate was
5% (17/356) at 1month; 18% (63/350) at 3 months; 32%
(108/342) at 6 months; 51% (167/326) at 12months; 61%
(191/314) at 18 months; and 68% (204/302) at 24 months.
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Missing data

The missForest technique was used to impute missing
values for: sodium (0.3%), absolute lymphocyte and neu-
trophil count (2.2%), calcium (2.2%), alkaline phosphatase
(5.0%), albumin (7.0%), and blood urea nitrogen (25%).*
Sensitivity analysis was performed using a subset of pa-
tients without missing data (n=245; Table S4).

Assessment of model performance and
statistical analysis

Discrimination (c-index), calibration (ratio of observed:
expected survivors), overall performance (Brier score), de-
cision curve analysis (DCA) and model consistency analy-
sis were used as performance metrics.*®

A c-index=1 indicates perfect discrimination, while a
c-index=0.5 is equivalent to random guessing. Calibration
refers to the agreement between the predicted outcomes
and the actual outcomes, with a perfect calibration curve
having an intercept of 0 and a slope of 1. A positive inter-
cept indicates the actual outcome is generally underesti-
mated by the prediction model, and a negative intercept
suggests the opposite (overestimation).*”~* We also used
log(O:E), the logarithm scale of the ratio of observed (O) to
expected (E) survivors, to assess calibration. A log(O:E)>0
signals an underestimation; and a log(O:E) <0 an overes-
timation.*>® Calibration analysis could not be done for
four PSSs SSG, MEP, SORG-NG, and OPTIModel because
they provided an integer score instead of an estimated
survival probability.”'"***” The Brier score captures both
discrimination and calibration and represents the model's
overall performance. It ranges from 0 (perfect prediction)
to 1 (worst prediction). The null-model Brier score, which
is derived by assigning a default prediction equaling the
prevalence of the outcome at a given timepoint to each
patient, should serve as a benchmark with which a pre-
diction model's Brier score is compared. If the prediction
model's Brier score is lower than that of the null model,
then the model is considered having good performance.
The magnitude of difference between a model's Brier
score and the null model's Brier score can be compared
among PSSs. The PSS with the most significant reduction
is deemed as the best performer.

The DCA was designed to assess the clinical utility of
a prediction model.”® It plots the net benefit of making
the surgical decision (e.g., operate or not to operate on a
patient) based on the model's prediction across all possi-
ble risk probabilities in relation to the default strategies of
operating on all or no patients. The user of the model can
decide on an acceptable risk probability, and determine if
offering surgery, based on the model's survival prediction,
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would do more good than harm by assessing the corre-
sponding net benefit. In general, if the risk associated with
a proposed treatment is low, such as percutaneously ablat-
ing a tumor on a medically fit patient, a lower risk proba-
bility can be chosen. In contrast, if the proposed treatment
carries an inherently high risk, for example, performing
extensive tumor resection and complex reconstruction on
a cachexic patient with large tumor burden, a higher risk
probability should be adopted. Readers may refer to arti-
cles published by Vickers et al.’! and Karhade et al.** for
more detailed discussion on the use and interpretation of
DCA.

Several PSSs predict survival at different timepoints.
Based on the law of attrition by time, a patient's survival
probability at short-term should be higher than that at a
longer term. For example, if a patient's 3-month survival
probability is estimated at 90% and 18-month survival
probability at 20%, these two predictions are considered
“reasonable”. On the other hand, if a patient’s 6- and 12-
month survival probability were estimated at 30% and 40%,
respectively, these predictions would be clearly against
intuition and deemed “unreasonable”. We defined model
consistency (MC) as the ratio of intuitively reasonable
prediction pairs to all prediction pairs. A MC=0 meant
all prediction pairs were against intuition; A MC=1 in-
dicated all predictions were intuitively reasonable. Model
consistency analysis was not done for four PSSs that did
not provide estimated survival probabilities.”!>?**7

RESULTS

Eight studies validated nine models in the literature, with
the PATHFx and SORG-MLA having been repeatedly
tested.'"'#1%%3"2% These PSSs provided discrimination
ranging from acceptable to excellent in external validation
studies with the following c-indexes: PATHFx (0.70-0.85);
Katagiri score (0.63-0.69); SSG (0.62-0.64); SORG-CA
(0.67-0.70); SORG-NG (0.68-0.75); SORG-MLA (0.80-
0.84); OPTImodel (0.66-0.79); SPRING-NG (0.66-0.86);
and MEP (0.82) (Table 1). We could not compare calibra-
tion and DCA between PSSs because many studies did not
report these metrics.

The performance of the eight PSSs tested on our
Taiwanese cohort varied (Table 2). Only SORG-MLA
and SPRING-NG were able to achieve a “good” discrim-
inatory ability (defined as having a c-index >0.7) across
all their prediction time points. In general, the other six
PSSs demonstrated fair or close to good discrimination
with their survival estimations. When comparing the dis-
criminatory abilities of the eight PSSs at 3 and 12months
(two time points often considered clinically important
for treatment decision-making), we found SORG-MLA
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demonstrated the best discrimination (c-index=0.80;
95%CI=0.74-0.86; and c-index=0.84; 95%CI=0.80-
0.89); At these two timepoints, SPRING-NG provided
the second-best discrimination (c-indexes, 0.70 and 0.77;
Table 2), while the c-indexes of PATHFx, SORG-CA, MEP,
and SSG, were all <0.70.

The eight PSSs all had a lower Brier score compared
with that of the respective null model at their various pre-
diction timepoints (Table 2). At 3 and 12 months, SORG-
MLA had the most pronounced improvement in Brier
score [0.04 (0.16-0.12) and 0.09 (0.25 to 0.16), respec-
tively] among all eight PSSs. Sensitivity analysis using a
subset of patients without missing data showed similar
results (Table S4).

Calibration analysis was performed for four PSSs:
PATHFx, SORG-MLA, SORG-NG, and SPRING-NG
(Table 3 and Figure S4). These four PSSs all had posi-
tive calibration intercepts at their respective prediction
time points, indicating their overall tendency to un-
derestimate the actual survival of patients in our co-
hort. At 3months, SORG-MLA had the best calibration
(Figure S4B), with an intercept of 0.78 and a slope of 0.74.
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At 12months, there was not a clear calibration winner at
first glance (Figure S4D). However, in terms of the 12-
month log(O:E), PATHFx (log(O:E)=0.36; 95%CI1=0.07-
0.65) and SORG-NG (log(O:E)=0.35; 95%CI=0.07-0.64)
were the better two PSSs, with SORG-MLA trailing
slightly behind (log(O:E)=0.45; 95%CI=0.13-0.77).
SPRING-NG fared worst with a 12-month log(O:E) of 0.62
(95%CI1=0.25-1.00).

On DCA, none of the eight PSSs provided significant
benefits at 1month. At 3months, all PSSs provided net
benefits when compared with a default strategy of operat-
ing on all or no patients (Figure 3B), and SORG-MLA did
so most distinctively and across the widest range of risk
probabilities. At 12 months, the benefits of using PSSs are
more pronounced (Figure 3D). Again, SORG-MLA con-
ferred the most pronounced clinical benefits across a wide
range of risk thresholds.

SORG-NG had a perfect MC of 1 for all its predictions.
SORG-MLA and SPRING-NG were not far behind with
MCs greater than 0.98 (Table S5). PATHFx occasionally
exhibited subpar MCs (<0.9), such as when the 6-month
prediction was compared with the 12-month, and when

TABLE 3 Calibration intercepts and slopes of four PSSs at different time points in the Taiwanese validation cohort (n=356).

PATHFx SORG-MLA

Calibration intercepts

SORG-NG SPRING-NG

0.78 (0.46-1.10)

0.75 (0.49-1.00)

1month 1.00 (0.50-1.51) -
3months 1.60 (1.31-1.90)
6 months 1.39 (1.13-1.64) -
12months 0.61 (0.36-0.85)
18 months 0.42 (0.16-0.68) -
24 months 0.52 (0.24-0.80) -

Calibration slopes

0.74 (0.53-0.96)

1.22 (0.95-1.49)

0.19 (=0.11 t0 0.5)

0.45 (0.13-0.77)

1 month 0.75(0.28-1.21) -
3months 0.51 (0.25-0.76)

6 months 0.52 (0.29-0.75) -
12 months 0.71 (0.48-0.94)

18 months 0.59 (0.38-0.79) -
24 months 0.51 (0.31-0.71) =
Log(O:E)

1 month 0.08 (—0.14-0.30) -
3months 0.54 (0.08-0.99)

6months 0.67 (0.27-1.07) -
12months 0.36 (0.07-0.65)

18 months 0.28 (—0.02-0.57) -
24 months 0.38 (0.06-0.70) -

0.92 (0.39-1.44) -

0.88 (0.60-1.17)

0.60 (0.36-0.84)

0.67 (=0.04 to 1.38)
0.90 (0.53-1.27)
0.88 (0.60-1.16)

0.07 (=0.14 to 0.28)
0.23 (—0.06 to 0.52)
0.35 (0.07-0.64)

0.64 (0.31-0.96)
0.80 (0.52-1.08)
1.02 (0.74-1.29)

0.56 (0.32-0.80)
0.72 (0.66-0.77)
0.63 (0.47-0.80)

0.55(0.20-0.91)
0.61 (0.27-0.94)
0.62 (0.25-1.00)

Note: The 95 confidence intervals are provided between parentheses. The calibration results for the other four PSSs were not provided because they provided an

integer score instead of an estimated survival probability.

Abbreviations: Log(O:E), the logarithm of the ratio of the observed survived number to the expected survival number; PSS, preoperative scoring system; SORG,
Skeletal Oncology Research Group; SORG-MLA, SORG machine learning algorithm; SORG-NG, SORG nomogram; SPRING-NG, SPRING nomogram.
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FIGURE 3 DCA plots of predictions by different PSSs are shown for (A) 1-month; (B) 3-month; (C) 6-month; (D) 12-month; (E)

18-month; and 24-month survival prediction. Color lines represent different PSSs: PATHFx (red); SORG-MLA (orange); SORG-CA (yellow);

SORG-NG (green); SPRING-NG (violet); OPTIModel (light blue); MEP score (dark blue); and SSG score (pink).
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the 12-month was compared with the 18-month. For ex-
ample, in our cohort there was an 81-year-old woman with
breast cancer and multiple bone metastases, who had an
ECOG scale of 3 before presenting with a pathologic fem-
oral fracture. She had a hemoglobin of 10.7, an absolute
lymphocyte count of 1.60, and no organ or lymph node
metastasis on pre-operatively workup. PATHFx estimated
her chance of survival was 34% at 6 months and 37% at
12months. Although one might argue these estimates
were not necessarily clinically relevant, they did appear to
be against the law of attrition by time.

DISCUSSION

We identified in the literature nine PSSs developed in
the past 30years for survival estimation in patients with
extremity metastases. As most PSSs were developed and
validated using data from Western institutions, we sought
to evaluate their generalizability in our predominantly
Han Chinese population. In this study, SORG-MLA had
the best discrimination, overall performance, and brought
the most net benefit on DCA at both 3 and 12months.
SORG-MLA and SORG-NG were the best calibrated at
3 and 12months, respectively. While SORG-NG, SORG-
MLA, and SPRING-NG had perfect or almost perfect
model consistencies, PATHFx occasionally produced
counter-intuitive predictions that resulted in subopti-
mal MCs. These findings suggest all PSSs do not perform
equally on the same patient cohort. We believe most mod-
ern PSSs should be externally validated so that users are
made aware of these models’ validity in populations other
than the developmental cohort. Future researchers might
consider developing algorithms using more contemporary
and ethno-geographically diverse data gathered through
multi-institutional and international collaboration to im-
prove the generalizability of their prediction models.
There were several limitations in this study. First, 98%
of the patients in our cohort are of Han Chinese descent.
This uniformity of racial composition might decrease the
referencing value of this study in populations with a low
percentage of Han Chinese. Second, cancer treatment has
a tremendous impact on patient survival but could vary
by region and between healthcare systems. Physicians
practicing in a clinical setting vastly different from ours
may not find our findings completely applicable. Third,
when interpreting performance of validation studies, one
should be cognizant of potential publication bias and steer
away from overzealous optimism because PSSs that per-
form poorly on external validation may be less often pub-
lished.”® Fourth, MEP was designed only for patients with
femoral metastasis but we validated it using patients with
all types of extremity metastases, which might impact
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on its performance. However, we did not consider this a
major limitation because the majority of our patients had
femoral metastases and previous studies did not report
significant survival differences among patients with me-
tastases in different parts of the extremities.>® Lastly, we
were unable to validate the revised Katagiri score because
LDH and CRP were not routinely obtained in our institu-
tion. A previous validation study, however, demonstrated
this scoring system provided only modest discriminatory
ability.>* Despite these limitations, our study provides a
comprehensive overview of several survival estimation
tools in patients with extremity metastases, and validates
them with a unique Han-Chinese-dominant cohort.

Most PSSs demonstrated a reasonable decline in dis-
crimination in our Taiwanese cohort compared with their
Western validations (Table 1 and 2). However, SORG-MLA
still achieved excellent discrimination at 3 and 12 months,
with a c-index of 0.80 and 0.84, respectively. Several rea-
sons might contribute to SORG-MLA's good performance.
First, it was the newest algorithm and was created based
on data from a large contemporary cohort that were more
reflective of the current state of cancer treatment. This
was a clear advantage of SORG-MLA over the other PSSs
because the relevance of clinical data toward future de-
cisions decay over time.”> Second, SORG-MLA took into
account molecular factors that direct clinical treatment
strategy, such as the mutational status of lung cancer and
the hormonal receptor expression profile of breast cancer.
Third, five state-of-the-art machine-learning techniques
were tested during the development of SORG-MLA, and
only the best-performing one (stochastic gradient boost-
ing model) was selected and validated.?”” This strategy,
as opposed to training only one algorithm, could ensure
that the model with the best performance was adopted.
Fourth, SORG-MLA requires more input variables (n=15)
than other PSSs (n=7-9). In statistics, using more vari-
ables to predict an outcome will render better discrimina-
tory results. Although in theory including more variables
could also introduce the risk of overfitting and decrease
the model's generalizability in newer, independent data-
sets, calibration analyses in this or other SORG-MLA vali-
dation studies did not observe this issue.'**”® Our results
indicated SORG-MLA was a reliable survival prediction
tool for Han Chinese patients with skeletal metastasis.

Some clinicians might not be well versed in statistical
jargons like discrimination, calibration, and Brier score. A
decision curve provides a visual representation of the value
of using a certain PSS to estimate survival in the clinical
setting. At 1 month, the eight PSSs in general provided little
benefit across all risk thresholds. At 3months, these PSSs
offered a meaningful gain of benefit only if the risk of sur-
gery exceeded 0.6, which was relatively high. At 12months,
however, most PSSs started to impart benefit when the risk
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of surgery was over 20%. These results suggest that PSSs may
be especially useful when clinicians are considering if a pa-
tient with a short survival estimate, such as 3 months, should
be offered more extensive surgery to address a problematic
local bone metastasis. For patients with a longer survival
such as 12months, PSSs are beneficial when the proposed
operation carries moderate to high risks.

We used model consistency (MC) to evaluate a PSS's
ability to make predictions that are reasonable (i.e., not
against the law of attrition by time). Among the four
PSSs we tested for MC, namely SORG-NG, SORG-MLA,
SPRING-NG, and PATHF¥, the first three had almost per-
fect MC. PATHFX, however, sometimes demonstrated less
satisfactory MC: The MC was 0.86 when the 6-month pre-
dictions were compared with the 12-month predictions;
and was 0.88 when the 12-month predictions were com-
pared with the 18-month predictions. In the literature,
none of the previous PSSs validation studies discussed
model MC. Therefore, comparison could not be made to
determine whether our results on these PSSs’ MCs worse
than in other studies. In practice, physicians might be baf-
fled by inconsistent predictions made by a PSS and be hes-
itant to use it to inform decision making. We argue that
MC is an important performance metric and future PSS
studies should consider reporting MCs to allow for better
assessment of their models’ clinical utility.

Although survival estimation should be integrated into
the decision-making process when physicians develop the
therapeutic strategy for a patient with skeletal metastasis,
it is certainly not prudent to base the treatment decision
solely on how long a patient could potentially live. This
being said, we found in the literature only PSSs for sur-
vival estimation. No PSSs have been developed to predict
other postoperative outcomes such as complications,
length of hospital stay, non-home discharge, reoperations,
or quality of life.”®" We believe all these aspects should
also be discussed with patients with limited survival, who
might consider quality of life as the most important goal
of treatment. It would be helpful if future researchers
could develop models that predict important outcomes
other than survival because they might help patients and
their treating physicians make better informed decisions.

CONCLUSIONS

PSSs developed in western countries often suffer declines
in performance when applied onto an external population
such as our Taiwanese patients. In this study, SORG-MLA
had the best discrimination, overall performance, and pro-
vided most net clinical benefit on DCA among the eight
tested PSSs. Clinicians might want to validate a specific
PSS using data from their particular patient population

before adopting it into practice. In the future, research-
ers should also consider routinely reporting important
metrics such as discrimination, calibration, DCA, and MC
so the models’ performance and consistency can be bet-
ter compared, thus helping clinicians decide which PSS(s)
may be especially suited in their clinical setting for sur-
vival prognostication and decision-making. Furthermore,
as advances in cancer treatment will impact patient sur-
vival, researchers looking to devise a new model or to re-
fine an existing one should consider using data gathered
from more up-to-date patients in order to maximize the
performance of their predictive algorithms.
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