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Metastatic bone tumors represent a significant
clinical challenge, particularly when they affect
the diaphysis of long bones. These lesions most
commonly originate from primary malignancies
such as breast, lung, prostate, renal, and thyroid
cancers, which have a high propensity for bone
dissemination due to their biological behavior
and microenvironmental interactions.? The
involvement of long bone diaphysis in metastatic
disease often results in severe pain, structural
instability, and an increased risk of pathological
fractures, all of which contribute to a marked
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ABSTRACT

Objectives: This study aims to evaluate the predictive accuracy and
clinical applicability of the OPTIModel Scoring System in Turkish
patients with long bone diaphyseal metastases and to compare its survival
predictions and surgical recommendations with real-world outcomes.

Patients and methods: Between April 2013 and June 2021, a total
of 108 patients (52 males, 56 females; mean age: 64.5+10.6 years;
range, 45 to 83 years) with histologically confirmed metastatic bone
disease affecting the diaphysis of long bones and who underwent
surgical treatment were retrospectively analyzed. The OPTIModel
Scoring System was applied to estimate survival and guide surgical
planning. The prognostic accuracy of the model was statistically
analyzed. The patients were stratified into low-, intermediate-, and
high-risk groups based on their predicted survival.

Results: The most common primary tumors were breast (24.1%),
lung (23.1%), and multiple myeloma (13.0%). The femur (46.3%)
was the most frequently affected site. The OPTIModel-predicted
median survival was 10 months (95% confidence interval [CI]:
7.9-12.1), comparable to the real-world median survival of 13 months
(95% CI: 10.8-15.2). Agreement between OPTIModel’s surgical
recommendations and real-world procedures was substantial (kappa
[k]=0.74, 95% CI: 0.63-0.85, p<0.001). The Kaplan-Meier analysis
revealed no significant difference between predicted and real-world
survival distributions (p=0.126). The ROC analysis yielded an
area under the curve [AUC] of 0.61 (95% CI: 0.52-0.70), indicating
moderate prognostic accuracy.

Conclusion: The OPTIModel Scoring System demonstrated
substantial agreement with real-world surgical decisions and
moderate accuracy in survival prediction for Turkish patients
with metastatic long bone diaphyseal tumors. While the model
provides valuable insights for clinical decision-making, further
refinements incorporating emerging oncological advancements and
biomarker-based risk stratification are needed. Future multi-ethnic
validation studies are essential to enhance its applicability in diverse
populations.

Keywords: Machine learning in medicine, metastatic bone tumors, OPTIModel
Scoring System, orthopedic oncology, prognostic modeling, surgical
decision-making, survival prediction.
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decline in patients' functional status and overall
quality of life.’! Moreover, skeletal-related
events (SREs), including pathological fractures,
spinal cord compression, and hypercalcemia, are
associated with higher morbidity and mortality,
necessitating a multidisciplinary approach to
optimize patient management.”! While systemic
treatments such as chemotherapy, targeted therapy,
and bone-modifying agents (e.g., bisphosphonates,
denosumab) are essential for controlling disease
progression, surgical intervention remains a crucial
component in patients with impending or completed
fractures. The decision to proceed with surgery,
however, requires a careful evaluation of patient
prognosis to ensure that the benefits of an invasive
procedure outweigh the risks, particularly in cases
with limited life expectancy.>7

Several scoring systems have been developed
to estimate survival in patients with skeletal
metastases, aiding clinicians in determining the
most appropriate treatment approach. Prognostic
models such as the Mirels’ score, Tokuhashi
score, and Bauer score have been widely used
to assess the likelihood of fracture risk and
survival duration, thereby guiding surgical
decision-making.>#1 However, these models are
often criticized for their limited applicability across
diverse patient populations and their inability
to incorporate advancements in oncological
therapies which have significantly altered survival
outcomes over the years.'! Additionally, many
of these traditional models rely on subjective
parameters, potentially leading to interobserver
variability in clinical assessments.'” Recognizing
these limitations, the OPTIModel scoring system
has been introduced as a novel prognostic tool that
integrates a broader range of clinical, oncological,
and biochemical parameters to enhance mortality
prediction and facilitate personalized treatment
planning.t®* Unlike its predecessors, OPTIModel
employs a data-driven approach by incorporating
machine-learning algorithms and large-scale
patient databases, potentially improving its
predictive accuracy across different demographic
groups.20-l

Despite its potential advantages, the applicability
of the OPTIModel scoring system in specific
populations, such as the Turkish cohort, remains
uncertain. Population-specific variations, including
genetic predispositions, cancer epidemiology, and
healthcare infrastructure, can significantly influence
the accuracy and generalizability of predictive
models.? To illustrate, differences in the prevalence
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of primary cancers leading to skeletal metastases,
access to advanced oncological treatments, and
patient adherence to therapeutic interventions
may impact survival outcomes in Turkish patients
compared to Western cohorts.’>?! Furthermore,
cultural and socioeconomic factors play a role in
treatment decision-making, which could affect the
performance of predictive algorithms developed
in different healthcare settings.’***! Given these
considerations, it is crucial to validate and assess the
real-world utility of OPTIModel in Turkish patients
with metastatic bone tumors involving long bone
diaphysis.

Unlike traditional scoring systems such as
Mirels, Tokuhashi, or Bauer, which primarily
focus on subjective clinical indicators and imaging
findings, OPTIModel incorporates objective
biochemical markers, tumor characteristics
(primary cancer type, visceral involvement), and
uses machine-learning algorithms for survival
prediction and surgical recommendation. More
contemporary models like SORG and PATHFx
also integrate laboratory values and demographic
factors, but OPTIModel differs in its emphasis
on real-time artificial intelligence (AI)-assisted
decision-making and its ability to stratify patients
into risk-adapted surgical categories. While
PATHFx utilizes Bayesian networks and SPRING
focuses on spinal metastases, OPTIModel is
designed specifically for appendicular skeletal
metastases involving the long bones (Table I).

Additionally, the generalizability of predictive
models like OPTIModel may be affected by
population-specific factors. The Turkish healthcare
system is characterized by a mixed public-private
structure with centralized cancer registries
and state-sponsored oncological treatments.
However, regional disparities in healthcare
access, delayed referrals, and variable uptake
of advanced therapies may impact real-world
survival outcomes. Moreover, differences in
cancer epidemiology (e.g., higher prevalence of
breast and lung cancer in females), sociocultural
beliefs influencing surgical consent, and resource
availability (e.g.,, endoprosthetic implants) must
be considered when applying Al-based models
developed in Western populations to Turkish
patients.

In the present study, we aimed to evaluate the
OPTIModel scoring system's prognostic accuracy
in Turkish patients by comparing it with real-world
clinical outcomes and to determine its reliability
in mortality prediction and surgical planning, in
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TABLE |

Baseline clinical and demographic characteristics of patients with metastatic bone tumors

Model Type of inputs Machine learning Application area Limitation
Mirels Subijective clinical + No Impending fracture risk No survival estimation
radiographic
Tokuhashi Neurological + visceral + No Spinal metastases Lacks biomarker
performance integration
SORG Demographics + tumor Yes Skeletal metastases May overfit in some
+ labs (general) subgroups
PATHFx Demographics + labs + Yes (Bayesian) Various metastatic set- Requires online tool
metastasis tings access
SPRING Spine-focused param- Yes Vertebral metastases Not for long bones
eters
OPTIModel Clinical + oncological + Yes (ML-integrated) Long bone diaphyseal Requires validation in

biochemical markers

metastases diverse populations

order to assess its potential for integration into
routine practice for improved patient management.

PATIENTS AND METHODS

This multi-center, retrospective study was
conducted in five out of eight centers: Necmettin
Erbakan University Faculty of Medicine, Adnan
Menderes University Faculty of Medicine, Ege
University Faculty of Medicine, Kocaeli University
Faculty of Medicine, and Selguk University
Faculty of Medicine, Department of Orthopedics
and Traumatology, between April 2013 and June
2021. The study included patients who underwent
surgical treatment for metastatic bone tumors in
the diaphysis of long bones. The medical records
of a total of 108 patients (52 males, 56 females;
mean age: 64.5£10.6 years; range, 45 to 83 years)
with histologically confirmed metastatic bone
disease affecting the diaphysis of long bones were
reviewed. Patients aged 18 years or older with a
primary malignancy which was metastasized to
the diaphysis of long bones and who underwent
surgical intervention, including internal fixation,
endoprosthetic replacement, or tumor resection for
pathological or impending fractures, were included
in the study. Only patients with complete clinical
data, follow-up information, and mortality records
were considered eligible. Patients with primary
bone tumors or hematological malignancies were
excluded. Additionally, those with incomplete
medical records or who were lost to follow-up, as
well as patients treated non-surgically through
palliative radiotherapy or medical management
alone, were excluded. Patients with missing key
clinical variables, survival data, or incomplete

surgical documentation were also excluded using
listwise deletion. No imputation methods were
employed due to the completeness threshold of the
dataset. The study flowchart is shown in Figure 1.
Written informed consent was obtained from each
patient. The study protocol was approved by
the Necmettin Erbakan University Non-Drug
and Medical Device Research Ethics Committee
(Date: 07.02.2025, No: 2025/5531). The study was
conducted in accordance with the principles of the
Declaration of Helsinki.

For each patient, demographic, clinical, and
surgical data were collected. The affected bone, the
type of surgical treatment performed, and real-world
postoperative survival in months were documented.
Furthermore, the OPTIModel scoring system was
applied to determine the recommended treatment

Identified patients with metastatic long bone diaphyseal tumors
(2013-2021) (n=142)

A

Excluded (n=34):

- Primary bone tumors (n=9)
- Hematologic malignancies (n=7)
- Non-surgical/palliative only (n=10)
- Incomplete data or lost to follow-up (n=8)

Final cohort included in analysis (n=108)

FIGURE 1. Flowchart of study population selection.
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approach and estimate patient survival, and
these predictions were compared with real-world
clinical outcomes.

Application of the OPTIModel scoring
system

The OPTIModel application, developed
by Leiden University Medical Center (LUMC),
is designed to assist clinicians in treatment
planning for patients with long bone metastases.
The application provides a flowchart to estimate
the patient's expected survival and subsequently
offers localized treatment recommendations based
on the location, dissemination, and presentation of
the metastases.’” The OPTIModel scoring system
was accessed through the mobile application
developed by Leiden University Medical Center
(App Store version 1.3.2, last updated 2024).
The scoring was applied retrospectively based
on patient records at the time of diagnosis. No
prospective cases were included in the analysis.

The OPTIModel scoring system was applied
to all 108 patients at the time of diagnosis to
estimate survival and guide treatment decisions.
The system integrates clinical, oncological, and
biochemical parameters to predict patient survival
and recommend appropriate surgical strategies.
The predicted survival times and treatment
recommendations generated by the OPTIModel
system were compared with real-world patient
outcomes recorded in follow- up.”” To assess
inter-rater reliability, two independent orthopedic
oncologists scored a random 20% subsample of the
cohort using the OPTIModel tool. The inter-rater
agreement was substantial (kappa [k]=0.79, 95%
confidence interval [CI]: 0.65-0.91), supporting the
consistency of model application.

The patients were stratified into low-risk,
intermediate-risk, and high-risk groups based
on their OPTIModel-predicted survival. Surgical
decisions were categorized as follows:

1. Curative or long-term reconstructive
surgery (e.g., endoprosthetic reconstruction)
for patients with an expected survival
>12 months,

2. Palliative internal fixation (e.g.,
intramedullary nailing, plate fixation)
for patients with intermediate survival
(3 to 12 months),

3. Minimally invasive or supportive treatment
for patients with a poor prognosis
(<3 months).
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Statistical analysis

Statistical analysis was performed
using the IBM SPSS version 27.0 software
(IBM Corp., Armonk, NY, USA) and R software
(R Foundation for Statistical Computing,
Vienna, Austria). Continuous variables were
expressed in mean + standard deviation (SD) or
median (min-max), while categorical variables
were expressed in number and frequency. The
primary outcome of the study was real-world
postoperative survival, which was compared
with the OPTIModel-predicted survival estimates
using the Kaplan-Meier survival analysis. The
log-rank test was applied to determine statistical
differences between the predicted and real-world
survival distributions. To assess the agreement
between OPTIModel’s surgical recommendations
and real-world clinical decisions, Cohen’s
Kk coefficient was calculated, with values above
0.61 indicating substantial agreement. Post-hoc
power analysis using the k value (0.74) with
alpha=0.05 and n=108 yielded a power of 091,
indicating sufficient statistical power to detect
substantial agreement. The prognostic accuracy of
OPTIModel in predicting mortality was evaluated
using the receiver operating characteristic (ROC)
curve analysis, with the area under the curve (AUC)
used as a measure of predictive performance.
The Cohen’s k coefficient was reported with 95%
CI, and AUC values were similarly presented
to ensure statistical precision. Additionally, the
patients were stratified into low-risk (>12 months
survival), intermediate-risk (3 to 12 months), and
high-risk (<3 months) groups, and a chi-square test
was performed to assess the statistical significance
of differences between OPTIModel’s survival
classifications and real-world patient outcomes.
A p value of <0.05 was considered statistically
significant.

RESULTS

Sociodemographic characteristics and clinical
data of patients with metastatic bone tumors are
shown in Table II. The most common primary
malignancies leading to bone metastases were
breast cancer (24.1%), lung cancer (23.1%), and
multiple myeloma (13.0%). Other primary cancers
included renal cell carcinoma (9.3%), liver tumors
(7.4%), and thyroid cancer (4.6%). Regarding
affected bones, the femur was the most commonly
involved site (46.3%), followed by the humerus
(18.5%), and cases with combined humerus and
femur diaphyseal involvement (25.9%). In terms
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TABLE Il
Comparison between OPTIModel recommendations and real-world surgical interventions (n=108)

Parameters n % Mean+SD Median Min-Max
Age (year) 64.5+£10.6 45-83
Sex

Male 52 481

Female 56 51.9
Diagnosis

Breast cancer 26 241

Lung cancer 25 23.1

Multiple myeloma 14 13.0

Renal cell carcinoma 10 9.3

Liver tumor 8 7.4

Thyroid cancer 5 4.6

Bladder tumor 4 3.7

Prostate tumor 4 3.7

Others 12 11.1
Affected bone

Femur 50 46.3

Humerus 20 18.5

Humerus and femur diaphysis 28 25.9

Others 10 9.3
Real-world surgery

Nail 43 39.8

Prosthesis 20 18.5

Plate 19 17.6

Plate + cement 16 14.8

Nail + cement 9 8.3

Prosthesis + cement 1 0.9
Patient survival (month) 13 1-132
OPTIModel recommendation

Nail 40 37.0

Prosthesis 18 16.7

Plate 20 18.5

Plate + cement 15 13.9

Nail + cement 10 9.3

Prosthesis + cement 5 4.6
OPTIModel-predicted survival (month) 10 1-118
SD: Standard deviation.

of surgical interventions, the most frequently
performed procedures were nail fixation (39.8%),
prosthetic replacement (18.5%), and plate fixation
(17.6%). The median real-world survival following
surgery was 13 (range, 1 to 132) months. The
OPTIModel Scoring System predicted a median
survival of 10 (range, 1 to 118) months. The model
recommended nail fixation for 37.0% of patients,
prosthetic replacement for 16.7%, and plate fixation
for 18.5% (Table II).

Comparison of OPTIModel Scoring System
with real-world surgical outcomes is shown in
Table III. The most frequently recommended and
performed procedure was nail fixation, accounting
for 37.0% of the OPTIModel recommendations
and 39.8% of real-world surgeries. Similarly,
prosthetic replacement and plate fixation were
suggested in 16.7% and 18.5% of cases, respectively,
aligning closely with the real-world surgical rates
of 18.5% and 17.6%. The Cohen’s 1 coefficient
(k=0.74) indicated substantial agreement between
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TABLE IlI

Comparison of OPTIModel scoring system with real-world surgical outcomes (n=108)

OPTIModel scoring system Real-world surgery
n % n % p

Surgical procedures 0.911
Nail 40 37.0 43 39.8
Prosthesis 18 16.7 20 18.5
Plate 20 18.5 19 17.6
Plate + cement 15 13.9 16 14.8
Nail + cement 10 9.3 9 8.3
Prosthesis + cement 5 4.6 1 0.9

Survival risk groups 0.854
Low-risk group (>12 month) 30 27.8 28 25.9
Intermediate-risk group (4-12 month) 40 37.0 42 38.9
High-risk group (<3 month) 38 35.2 38 35.2

OPTIModel’s predictions and real-world clinical
decisions. Regarding survival risk stratification,
the low-risk group (>12 months survival) comprised
27.8% of patients based on OPTIModel predictions
compared to 25.9% in real-world data. Similarly,
the intermediate-risk group (4 to 12 months)
included 37.0% of cases in both the model and
real-world survival data, whereas the high-risk
group (<3 months survival) accounted for 35.2%
in both categories (p=0.854). Notably, four patients
classified as high-risk (predicted survival
<3 months) survived beyond 12 months,
highlighting potential model underestimation in
select cases. These misclassifications underscore
the importance of integrating clinical judgment
alongside algorithmic predictions (Table III).

- == OPTIModel predicted survival
—— Actual survival

0.6 |

0.4

Survival probability

0.2}

0.0

20 30
Months
FIGURE 2. Kaplan-Meier survival analysis: OPTIModel

Predictions versus real-world survival.

The Kaplan-Meier survival analysis, OPTIModel
predictions versus real-world survival, is
shown in Figure 2. The Kaplan-Meier survival
analysis compares OPTIModel-predicted survival
with real-world patient survival in the cohort.
The dashed yellow line represents OPTIModel’s
estimated survival probabilities, while the
solid brown line illustrates real-world survival
outcomes. Initially, both curves exhibit a rapid
decline, reflecting the high early mortality risk
associated with long bone diaphyseal metastases.
However, OPTIModel underestimates survival in
some cases, particularly beyond the 10-month
mark, as indicated by the divergence of the
curves. The real-world survival curve extends
further, suggesting that some patients outlived
the model’s predictions. The log-rank test (p>0.05)
indicates that there was no statistically significant
difference between OPTIModel-predicted and
real-world survival distributions, suggesting that
the model provides a reasonable estimation of
patient prognosis. Despite minor deviations, the
overall trend of both curves remains similar,
reinforcing the clinical utility of the OPTIModel
Scoring System in mortality prediction (Figure 2).

Subgroup survival analysis revealed that
patients with breast cancer had the highest median
postoperative survival (17 months), followed by
multiple myeloma (14 months) and lung cancer
(9 months). Among surgical interventions,
patients receiving endoprosthetic reconstruction
showed a longer median survival (16 months)
compared to nail fixation (11 months) and plate
fixation (10 months). Risk stratification based on
OPTIModel scoring aligned well with survival
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Number of surgeries
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Plate + cement Nail+ cement Prosthesis+ cement

[l OPTIModel recommendation [ Actual surgery

FIGURE 3. Comparison of OPTIModel predictions versus real-world surgeries (Cohen's Kappa = 0.74).

trends: low-risk patients had a median survival
of 21 months, intermediate-risk 10 months, and
high-risk three months.

Comparison of OPTIModel predictions versus
real-world surgeries is shown in Figure 2. The
most frequently recommended and performed
procedure was nail fixation, comprising 37.0% of
OPTIModel predictions and 39.8% of real-world
surgeries, demonstrating a strong correlation
between model recommendations and real-world
practice. Similarly, prosthetic replacement (16.7% vs.
18.5%) and plate fixation (18.5% vs. 17.6%) exhibited
minimal deviation between model predictions
and real-world decisions. However, OPTIModel

0.8 rr._lJ P
0.6 o
0.4 S

Sensitivity

0.2 e
0.0 P —— ROC Curve (AUC=0.61)
0.0 0.2 0.4 0.6 0.8 1.0

Specificity

FIGURE 4. OPTIModel's accuracy in mortality prediction,

a receiver operating characteristic (ROC) curve analysis.

overestimated the use of prosthesis + cement
(4.6%) compared to its real-world application (0.9%),
suggesting a potential limitation in its predictive
accuracy for certain surgical approaches. The
Cohen’s k coefficient (k=0.74) indicates substantial
agreement between OPTIModel-predicted and
real-world surgical decisions. The Cohen’s k was
calculated as 0.74 (95% CI: 0.63-0.85), indicating
substantial agreement. Among 108 patients, the
treatment recommendations of the model matched
real-world surgical decisions in 89 cases (concordant),
while 19 cases were discordant (Figure 3).

Prognostic accuracy of the model

The OPTIModel’s accuracy in mortality
prediction, a ROC curve analysis is shown in
Figure 4. Although the ROC analysis yielded
an AUC of 0.61 (95% CI: 0.52-0.70), indicating
moderate prognostic discrimination, this value
was near the lower threshold of acceptability
and suggests limited precision in individual-level
survival prediction (Figure 4).

DISCUSSION

In the present study, we evaluated the clinical
utility and prognostic accuracy of the OPTIModel
Scoring System in Turkish patients with long
bone diaphyseal metastatic tumors. By comparing
OPTIModel’s survival predictions and surgical
recommendations with real-world clinical
outcomes, our findings provide insights into
its potential integration into routine surgical
decision-making.
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Several prognostic scoring systems have been
proposed to guide treatment decisions in patients
with metastatic bone disease, including the Mirels'
score, Tokuhashi score, and Bauer score. These
models primarily focus on fracture risk assessment
and survivalestimation, yetthey havebeencriticized
for their limited adaptability to modern oncological
advancements and their reliance on subjective
clinical parameters.?>*! In contrast, OPTIModel
integrates a data-driven approach, incorporating a
broader range of clinical and biochemical markers,
potentially improving predictive accuracy.’ Our
study found a substantial agreement (k=0.74)
between OPTIModel’s surgical recommendations
and real-world surgical interventions, similar
to previous findings by Ben Gal et al.?? who
reported that machine-learning-based prediction
models demonstrated greater consistency with
clinical decisions than traditional scoring
systems. Furthermore, Park et al.?! compared
several survival prediction models and found
that those incorporating biochemical and systemic
inflammatory markers, such as OPTIModel, had
higher discriminative ability than conventional
models. These findings highlighted the growing
role of Al-assisted prognosis tools in modern
orthopedic oncology. This underestimation
may be partly explained by recent advances in
systemic therapy, including immunotherapy
and targeted agents, which have significantly
prolonged survival in patients with metastatic
bone disease. Additionally, the Turkish treatment
landscape, characterized by national access to
updated oncology protocols and earlier surgical
interventions in certain regions, may have
contributed to extended survival not captured by
the original training data of the model.

In our study, the Kaplan-Meier survival
analysis revealed that while OPTIModel-predicted
survival trends closely aligned with real-world
survival, it underestimated survival in some cases
beyond 10 months. This divergence suggests that
certain patients outlived model predictions, which
is consistent with findings by Meares et al.,®
who reported that static scoring systems tend to
underestimate survival in patients responding
well to systemic therapies. Alfaro et al.?! observed
similar limitations in models when applied to
diverse patient populations. These discrepancies
may be explained by recent advancements in
systemic therapies, improved bone-targeting
agents, and better supportive care, factors that
are not always incorporated into predictive
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models.*1 Future iterations of OPTIModel may
require continuous recalibration to accommodate
real-world clinical changes, as suggested by
Weschenfelder et al.l”!

A critical application of prognostic scoring
systems in metastatic bone disease is their
role in surgical planning. Current guidelines
suggest that patients with a life expectancy
exceeding 12 months should undergo curative
or reconstructive surgery (e.g., endoprosthetic
replacement), whereas those with shorter life
expectancies may benefit more from palliative
internal fixation.’>® Qur study found that
OPTIModel accurately stratified patients into low-
risk, intermediate-risk, and high-risk groups, with
no significant difference between predicted and
real-world survival classifications. Similar findings
were reported by Park et al.” demonstrated that
Al-based prediction models accurately categorized
patients into risk groups, thereby assisting
clinicians in surgical decision-making. However,
OPTIModel slightly overestimated the need for
prosthesis + cement procedures, a discrepancy
also observed by Christ et al.l% The model’s
overestimation of prosthesis + cement procedures
may reflect an algorithmic bias toward long-term
reconstructive strategies. However, real-world
deviations could also be influenced by institutional
preferences, surgeon experience, and local resource
availability. In some centers, less invasive options
may be favored due to cost, patient fragility, or
logistical constraints. This may indicate a bias in
the algorithm toward more invasive interventions,
emphasizing the need for further refinement in
its surgical recommendations. Pagnotti et al.'
suggested that optimizing machine-learning
models with real-time clinical data updates could
improve their predictive accuracy in such cases.

To date, several prognostic models, such as
SORG, PATHFx, and SPRING, have been developed
to guide survival prediction and surgical planning
in patients with metastatic bone tumors.*?1 The
SORG score utilizes demographic data, tumor
type, functional status, and laboratory markers
to estimate average survival and has been
validated in multiple studies as a reliable tool.m"!
The PATHFx, a machine-learning-based model,
provides dynamic survival predictions tailored
to individual patient data.??’ However, literature
suggests that this model may overestimate
survival in some patient groups, particularly in
oligometastatic disease cases.” The SPRING model
is specifically designed for vertebral metastases
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TABLE IV
Comparison of prognostic models in bone metastasis

Model Inputs ML-based Site-specific Limitations
SORG Demographics, labs Yes General skeleton Overfitting, may require
updates
PATHFx Bayesian + clinical/lab data Yes General skeleton Relies on online infrastructure
SPRING Spine-specific variables Yes Vertebral metastases Not applicable to long bones
OPTIModel Biochemical + oncological data Yes Long bone diaphyses Underestimates survival in
some patients

and is used to optimize surgical decision-making
in these patients.” In comparison, OPTIModel
differs from both traditional and modern
scoring systems by incorporating biochemical
markers, systemic inflammatory indices, and
machine-learning algorithms. In the present
study, the OPTIModel demonstrated substantial
agreement with surgical decisions (k=0.74) and
provided reasonable survival estimates, although
it tended to underestimate survival in certain
patients. While models such as PATHFx, which
integrate dynamic learning algorithms, may
better adapt to evolving oncological treatments,
OPTIModel may offer superior accuracy in specific
patient cohorts. Therefore, future refinements of
OPTIModel, potentially integrating aspects of
SPRING and PATHFx models, or expanding its
scope to include additional biochemical markers,
could further enhance its predictive power.
Furthermore, although subgroup survival outcomes
(e.g., by tumor type and surgical approach) were
analyzed, ROC analyses for these subgroups were
not conducted due to limited sample sizes, which
would have resulted in insufficient statistical
power. However, our findings indicated that
the OPTIModel system underestimated survival
in patients with breast cancer and multiple
myeloma, likely due to the benefits of recent
systemic therapies not accounted for by the
original model. Likewise, patients who underwent
endoprosthetic reconstruction showed longer
survival than predicted, suggesting a discrepancy
between algorithmic recommendations and real-
world outcomes in certain surgical contexts. These
subgroup-specific differences underscored the
necessity for dynamic recalibration of the model
using updated clinical data. To reduce redundancy
and improve clarity, a concise comparison of
relevant prognostic models is summarized in
Table IV, highlighting the specific focus and
limitations of each model.

Our findings suggest that OPTIModel is
a valuable tool for prognostic evaluation and
surgical planning in patients with metastatic long
bone diaphyseal tumors. However, its predictive
accuracy can be further refined by incorporating
emerging clinical parameters. The integration
of systemic therapy advancements, including
targeted therapy and immunotherapy, can improve
survival predictions. Similarly, incorporating
biomarkers reflecting tumor burden and systemic
inflammatory response may enhance prognostic
stratification. Additionally, considering patient-
reported functional outcomes and quality of
life measures in decision-making could further
personalize surgical planning. Daher et al.?!
reported that factors such as cultural background,
genetic predisposition, and healthcare system
disparities played a significant role in cancer
prognosis and treatment strategies. Therefore,
OPTIModel should be validated in larger,
multiethnic cohorts to determine its applicability
beyond the current study population. Furthermore,
Raza et al.®! proposed that the development of a
real-time adaptive Al model capable of continuously
updating its predictions based on live clinical data
could significantly enhance OPTIModel’s utility in
diverse healthcare settings.

Nonetheless, this study has some limitations.
First, its retrospective design introduces inherent
selection biases. Second, while OPTIModel
predictions were compared with real-world
clinical outcomes, real-world decision-making also
considers patient preferences, surgeon experience,
and institutional resources, factors that cannot
be fully accounted for in a predictive algorithm.
Additionally, we were unable to perform a
multivariate analysis to identify independent
predictors of surgical decision-making (e.g., patient
age, tumor type, model recommendation) due to the
sample size limitations. This analytical gap limited
the ability to determine the relative influence
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of clinical and algorithmic factors on real-world
surgical choices. Future multi-center, large-scale,
prospective studies may address this shortcoming
to better understand the determinants of operative
decision-making. Finally, our cohort was limited
to the Turkish population, and while this provides
valuable regional insights, external validation in
other geographic and ethnic groups is necessary
before widespread adoption.

In conclusion, our study contributes to the
literature by validating the OPTIModel Scoring
System in a non-Western population, assessing its
alignment with real-world surgical decisions, and
identifying its predictive limitations in extended
survival cases. These findings underscore the
importance of incorporating dynamic clinical
variables into Al-based prognostic models and
lay the foundation for future advancements in
adaptive survival prediction tools for metastatic
bone disease.
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