
Review Article  103

© 2024 The Egyptian Orthopaedic Journal | Published by Wolters Kluwer - Medknow� DOI: 10.4103/eoj.eoj_3_24

One significant clinical challenge is meeting the needs of patients with metastatic 
bone disease (MBD) who are susceptible to pathological fractures. Patients with 
cancer who undergo surgical procedures are more vulnerable to thromboembolic 
and infectious complications. The expected survival rate plays a major role in 
deciding the best action. The current systematic review and meta-analysis 
were conducted to evaluate the validity and reliability of various preoperative 
survival scores in surgery for MBD. The aim of the review was to examine the 
preoperative survival evaluations used in surgery for MBD. A comprehensive 
exploration of medical literature was conducted using MEDLINE (accessed 
through Ovid), EMBASE (accessed through Ovid), and PubMed. A systematic 
analysis of studies examining prognostic scores that gauged survival rates in 
individuals with bone metastases was performed. Additionally, a meta-analysis 
encompassed studies assessing the sensitivity and specificity of the Tokuhashi 
and Tomita scores in predicting 6-month survival rates for spinal metastases. 
Incorporating a total of 68 studies, with 35 included in the meta-analysis, the 
Tokuhashi score demonstrated sensitivities ranging from 27 to 92%, and the 
Tomita score exhibited sensitivities from 76 to 99%. Specificities for the Tokuhashi 
score ranged from 44 to 96%, while the Tomita score specificities varied from 1 
to 44%. The pooled diagnostic odds ratio was 6.04 (95% confidence interval, 
3.96–9.21; Tau-squared=0.90; I2=86%) for the Tokuhashi score and 1.34 (95% 
confidence interval, 0.67–2.67; Tau-squared=1.02; I2=85%) for the Tomita score. 
The SORG Nomogram, developed in a substantial surgical cohort, exhibited 
robust discrimination for 3-month and 1-year survival, reliable calibration, and 
outperformed counterparts with low risk of bias and applicability concerns. 
PATHFx 3.0, 2013-SPRING, and potentially Optimodel emerged as superior 
models for predicting survival in extremity metastasis surgery. The Tokuhashi 
score showed high sensitivity and specificity, with an overall higher diagnostic 
value compared to the Tomita score. The SORG Nomogram demonstrated robust 
performance in predicting 3-month and 1-year survival, surpassing other models 
in terms of reliability and applicability. Additionally, PATHFx 3.0, 2013-SPRING, 
and potentially Optimodel emerged as promising models for predicting survival 
in extremity metastasis surgery.
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Introduction
Bone metastases are frequently caused by myeloma, 
thyroid, breast, or prostate cancer. With the exception 
of prostate cancer, most metastases are either mixed 
or lytic, which puts patients at risk for pathological 
fractures. According to the Mirels scale, radiographs 
reveal bone metastases and make it easier to assess 
the risk of pathological fracture [1]. Increased cancer 
prevalence and improved diagnosis techniques have 
been linked to an 18% increase in cancer incidence over 
the previous 10 years, according to the Scandinavian 
Skeletal Metastasis registry. Bone metastasis causes 
severe morbidity in those who are affected, greatly 
lowering their quality of life [2].

Bone is the third most commonly affected site in 
metastatic cancer, after the liver and lung. The most 
common cancers to metastasize to the bone are 
those of the breast and prostate (65–75%). The most 
frequently affected areas of the body by metastasis 
are the spine and pelvis, although long bones such as 
the femur and humerus are also frequently affected 
[3].
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The bulk of pathological fractures in metastatic bone 
disease (MBD) necessitating surgical intervention 
arise in the femur. Surgical management for femoral 
metastatic disease is palliative rather than curative. 
Surgical goals encompass attaining structural stability, 
reinstating function, alleviating pain, enhancing life 
quality, and mitigating the risk of revision surgery [4]. 
The surgical options include prosthetic reconstruction, 
intramedullary nail fixation, and plate fixation. 
Intramedullary nail fixation-related complications 
typically manifest over 1-year posttreatment, unlike 
prosthetic reconstruction-related complications, which 
emerge earlier [5].

It is generally accepted that any surgical intervention is 
contraindicated if the expected survival is less than 4–6 
weeks. Most authors agree that a 3–12 months survival 
period is a reasonable cutoff point for considering less 
invasive surgical reconstruction techniques that do not 
require extended rehabilitation. ‘Long’ survivors survive 
for 12 months or longer; in these cases, more invasive 
resection and reconstruction are necessary despite the 
lengthier recovery period, given the possibility of local 
recurrence [6].

Numerous trials have been conducted recently to 
establish an accurate scoring system for predicting 
survival after surgeries for MBD, including 
PATHFx, modified Tomita, Bauer, Van der Linden, 
Rades, SORG nomogram, Optimodel, SPRING13, 
Brier score, Katagiri, and Tokuhashi [3,7]. Our 
present study aims to compare and assess different 
preoperative survival scores in MBD surgery, 
evaluating their validity and reliability in clinical 
practice.

Materials and methods
This study adheres to the recommendations outlined in 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses guidelines.

Data source and searches
Up to the end of February 2023, MEDLINE, 
EMBASE, and PubMed were searched to find 
clinical studies on prognostic scores, which are used 
to determine the survival rates of patients treated for 
bone metastases. The search utilized keywords: bone 
metastasis, metastasis, metastatic, survival, extremity, 
spine, spinal, vertebral, prognosis, prognostic score, 
prognostic scoring system, Tomita, Tokuhashi. 
Additionally, relevant publications were identified 
through the reference lists of the chosen papers. To 
ensure the study quality, papers not in the English 
language, case studies, and reviews were excluded.

Inclusion criteria
Studies with the following criteria were included: 
external validation of prognostic scores for survival, 
utilization of independent surgical or mixed 
cohorts, inclusion of patients with extremity or 
spinal metastases regardless of primary tumor type, 
and availability of full-text articles in the English 
language.

Studies evaluating the Tokuhashi and Tomita ratings 
sensitivity and specificity in predicting the 6-month 
survival rates for spinal metastases were included in the 
meta-analysis. An overall survival of at least 6 months 
has been guaranteed by prior investigations, which 
established a threshold for surgical intervention at a 
Tokuhashi rating of more than or equal to 9 or a Tomita 
rating of less than or equal to 7. The standard test was 
used based on whether the patient was still alive or had 
passed away six months after the metastasis diagnosis.

Exclusion criteria
Excluded studies represented those assessed scoring 
systems not intended for forecasting survival, examining 
them without furnishing performance metrics for 
a straightforward quantitative contrast. Primary 
bone tumors, non-MBD, and alternative primary 
intervention techniques such as ablation, radiotherapy, 
chemotherapy, and bisphosphonates were all excluded. 
Moreover, duplicate publications were excluded.

Study selection
Two researchers performed data retrieval and quality 
evaluation independently. Initial screening of all articles 
occurred based on their titles and abstracts (n=3163), 
and any duplicate entries were eliminated (n=2647). In 
cases where the title indicated relevance to the review, 
the abstract underwent assessment to determine 
eligibility for inclusion, excluding non-English studies, 
case reports, reviews, letters, technical notes, and 
studies not evaluating scores (n=155). Articles deemed 
potentially eligible were then scrutinized in their 
entirety excluding papers where data was insufficient 
to make a 2 by 2 table, or there was no description 
of survival or evaluation of other scores or uncertain 
or cut-off value or duplicating enrolled cases. Only 
articles meeting all inclusion criteria were incorporated 
for subsequent analysis (n=68).

Data extraction
For the meta-analysis, the following data were 
extracted: actual overall survival and the numbers of TP, 
FP, FN, and TN. For systematic review, the following 
data were extracted and summarized in the summary 
table: first author, year of publication, prognostic scores, 
study design, study duration, number of patients, 
intervention, and survival.
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Data synthesis and analysis
Predictive values were assessed for each study, including 
sensitivity, specificity, diagnostic odds ratio (DOR), 
and a 95% confidence interval (CI), to perform a meta-
analysis for the diagnostic accuracy of the available 
studies. To avoid estimated values of 0 or infinity and 
to make SE computation easier, 0.5 was added to each 
cell in groups that had no events (a ‘zero cell’ in the 2 
by 2 table). Summary receiver operating characteristic 
plots and pooled estimates were produced using the 
meta-disc software. The area under the curve (AUC) of 
ROC plots was used to compare diagnostic accuracy of 
the two scores. To create survival curves, Kaplan–Meier 
life table analysis was employed. By evaluating the 
model’s overall performance, discriminative power, and 
calibration accuracy for the patients under study, the 
validation of the model was assessed in the systematic 
review.

Evaluation of bias and review strategy
The second edition of the QUADAS-2 tool was used 
to evaluate the quality of the studies that were part 
of the meta-analysis. The reference standard bias was 
carefully examined, and studies with a low risk of bias 
had a minimum 6-month gap between the diagnosis of 
metastases and the end of the study, either by death or 
survival. Because of their low accuracy, studies without 
a description of how to start predicting survival were 
deemed to have an unclear risk of bias. Research 
that had follow-up times shorter than 6 months was 
deemed to be highly biased. To assess the risk of 
bias and applicability concerns, the Prediction model 
study Risk of Bias Assessment Tool (PROBAST) was 
utilized. The primary purpose of this tool is to evaluate 
primary studies in systematic reviews.

Results
Study selection results
After a database search, 3163 citations were retrieved, 
which were then screened for duplicates, resulting in 
2647 results. After screening the titles and abstracts, 
115 studies were screened in full text. Ultimately, 68 
studies met the inclusion criteria and were included 
in the evidence synthesis. Of them, 35 studies were 
included in the meta-analysis, and 33 in the systematic 
review as depicted in the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses flow diagram 
(Fig. 1).

Meta-analysis to assess Tokuhashi and Tomita score 
diagnostic accuracy
The meta-analysis included 35 articles in total, with 
a total of 10 125 patients; of them, 4460 patients 
evaluated by Tokuhashi scores and 1381 patients were 
evaluated by Tomita scores. Sensitivity ranged from 27 

to 92% (Fig. 2) and specificity from 44 to 96% (Fig. 3). 
The pooled DOR was 6.04 [95% confidence interval 
(CI), 3.96–9.21; Tau-squared=0.90; I2=86%] (Fig.  4), 
and the AUC was 0.795 (Fig. 5). The Tokuhashi 
score is reflected in these outcomes. Figure 6 shows 
the sensitivity range of 76–99% and Fig. 7 shows 
the specificity range of 1–44% for the Tomita score. 
Figure  8 shows the pooled DOR of 1.34 (95% CI, 
0.67–2.67; Tau-squared=1.02; I2=85%) and Fig. 9 
shows the AUC of 0.879.

Pooled estimates for the Tokuhashi score were 58% 
(95% CI, 0.56–0.60) and 79% (95% CI, 0.77–0.81), 
respectively, for sensitivity and specificity; for the 
Tomita score, they were 85% (95% CI, 0.83–0.86) 
and 20% (95% CI, 0.17–0.22), respectively. This 
demonstrated high sensitivity but low specificity, with 
a Tomita score of less than or equal to 7, leading to 
an overestimation of 6-month predicted survival. 
Conversely, an underestimation of survival was 
observed with a Tokuhashi score of more than or equal 
to 9, which was associated with high specificity and 
low sensitivity. Summary table of included studies is 
reported in Table 1.

Systematic reviews of preoperative scoring systems 
in prediction of postoperative survival in patients with 
metastatic spine disease
The patient population across the 12 studies varied 
greatly, ranging from 61 to 1469 patients. Of the 
10 databases, only two were fully prospective [8,9]. 
The median survival time ranged from 5.1 to 13.6 
months [10,11]. Nine investigations exclusively 
enrolled patients who underwent surgical treatment, 
while the remaining three evaluated a mixed cohort, 
predominantly comprising nonsurgical patients. 
Four studies specifically excluded individuals with 
hematological malignancies. The prognostic scoring 
systems evaluated across the studies encompassed 
the modified (revised) Tokuhashi [12-14], (modified) 
Bauer (mBauer) [15,16], Tomita [17], Katagiri [18], 
Sioutos [19], van der Linden [20], Bartels [21], Rades 
[22], Oswestry Spinal Risk Index [23], Bollen [24], 
New England Spinal Metastasis Score (NESMS) [25], 
Skeletal Oncology Research Group (SORG) Classic 
[26], SORG Nomogram [26], and SORG machine 
learning algorithm (stochastic gradient boosting, 
SGB) [27]. The summary of those studies is reported 
in Table 2.

Risk of bias assessment
Of the 12 studies examined, half were found to have a 
high or uncertain risk/concern in the areas of bias and 
applicability. Both the studies by Choi and colleagues 
and Nater and colleagues showed a low overall risk 
of bias and ambiguous applicability concerns. Pereira 
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and colleagues, Ahmed and colleagues, Karhade and 
colleagues, and Westermann and colleagues were the 
four studies that showed the least concern in the bias 
and applicability domains.

There was little chance of bias in the research done 
by Karhade and colleagues and Nater and colleagues. 
Karhade and colleagues only looked at certain aspects 
of calibration, discrimination, and Brier score, whereas 
Nater and colleagues neglected to evaluate specific 
survival time points or include more recent individual 
risk prediction scores.

Because Pereira and colleagues created the SORG 
Nomogram, their study is prone to optimism bias. 
Similarly, the percentage of correctly stratified 
patients served as a calibration measure in Pereira 
and colleagues comparative study, which assessed 
AUCs at particular time points (discrimination). 
Because the SORG Nomogram development 
study was published by the same authors, it is also 

vulnerable to optimism bias. On the other hand, 
Choi and colleagues did not include an assessment 
of the NESMS or SORG scores, instead focusing on 
a sizable multicenter prospective surgical validation 
study. They did not take into account calibration 
measures or analyze individual time points; they only 
compared c-statistics.

Pereira and colleagues also measured the proportion 
of correctly stratified patients as a calibration 
measure. Ahmed and colleagues evaluated AUCs at 
particular time points (discrimination), incorporating 
more recent individual risk prediction scores. While 
presenting both calibration and discrimination 
measures, Westermann and colleagues did not 
include the more recent NESMS or SORG scores. 
Additionally, because they were the only ones to 
compare a modified revised Tokuhashi score, it was 
difficult to compare their findings with those of other 
studies. The risk of bias and applicability (PROBAST) 
is detailed in Table 3.

Figure 1 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of study selection.
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Discrimination and calibration performance assessment
Discrimination is the ability to differentiate between two 
patients based on their outcomes. The SORG machine 
learning algorithm, NESMS, SORG Nomogram, and 
Katagiri score had a good discriminatory performance 
at 3 months, while rTokuhashi, Tokuhashi, and mBauer 
had a moderate performance. The SORG Nomogram, 
SORG machine learning algorithm, Katagiri, 
Tokuhashi, NESMS, Tomita, and mrTokuhashi 
showed good discriminatory performance at 1 year, 
while rTokuhashi, SORG Classic, and mBauer showed 
moderate performance.

Calibration is the degree to which the predicted 
survival probabilities match the actual outcomes. 
However, several studies showed poor calibration 
for multivariate prognostic scoring systems. The 
most recent scoring systems, like NESMS, SORG 
Nomogram, and SORG machine learning algorithms, 
were not included in the Bartels score, despite having 
the best calibration. Only the SORG Nomogram and 
SORG machine learning algorithm were evaluated 
for calibration out of the top-performing scores for 
discrimination. In a comparative study, the SORG 
Nomogram proved to be accurate in estimating 
survival, and in its external comparison study, the 

SORG machine learning algorithm demonstrated 
a fair calibration. While the rTokuhashi displayed 
moderate calibration, the Tokuhashi score had poor 
calibration overall. Mr Tomohashi was evaluated in 
only one study, but his overall calibration was good. 
The included studies did not evaluate the NESMS 
and Katagiri for calibration.

Systematic reviews of preoperative scoring systems 
in prediction of postoperative survival in patients with 
metastatic extremity bone disease
The 11 papers in this review are examined using seven 
different models intended for survival estimation. Four 
studies, which represent improvements over previous 
iterations, expand on two models each, while five focus 
on a single model. The two studies that remain take 
a comparative stance. The models that were analyzed 
included the following: the PathFx 1.0 model by 
Forsberg and colleagues, the SORG model by Thio and 
colleagues, the Janssen score by Janssen and colleagues, 
the Optimodel by Willeumier and colleagues, the 
Janssen score by Janssen and colleagues, the Sorensen 
and colleagues SPRING 2008 and SPRING 2013 
nomograms, and the Errani and colleagues IOR 
score [3,5,6,28–35]. Table 4 provides a summary of 
the scoring systems used for postoperative survival in 
patients with MBD of the extremities.

Figure 2 

Sensitivity of Tokuhashi score for postoperative survival in patients with metastatic spine disease.
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Figure 3 

Specificity of Tokuhashi score for postoperative survival in patients with metastatic spine disease.

Figure 4 

Diagnostic odds ratio of Tokuhashi score for postoperative survival in patients with metastatic spine disease.
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Risk of bias assessment
Two studies with a high risk of bias and four with 
an uncertain risk of bias were identified among the 
included studies. Five studies had uncertain risk on 
applicability domains, while three had low risk and 
applicability domains. Table 5 displays the specifics of 
the applicability and bias risk.

In a number of studies, prognostic factors were 
ascertained through univariate [29,30] and multivariate 
Cox analyses [5,6,31,35], with machine learning models 
employing particular algorithms. The prognostic 
scores were produced by the studies using a variety 
of techniques, including machine learning algorithms 
(used in three studies [29,30,35]), nomograms (used 
in two studies), and traditional scoring systems like 

survival estimation methods (used in four studies 
[5,6,31,35]). The calibration scores and discrimination 
accuracy were used to evaluate the prognostic scores’ 
accuracy while Ratasvuori and colleagues, Willeumier 
and colleagues, Sorensen and colleagues, and Anderson 
and colleagues used an external population, Thio and 
colleagues and Janssen and colleagues used a subset 
of the population that generated the data for external 
validation. Following comparative studies, six models 
– Optimodel, SPRING 2013, PATHfx 1.0, 7SSG, 
Janssen, and IOR – with varying demographics 
were externally validated; the SORG model was not 
included in these studies. Because only Errani and 
colleagues carried out a prospective study, the study 
design’s inherent bias was minimized. The 12-month 
survival prediction served as the common endpoint for 
all models [3,28].

Discrimination accuracy and calibration score
In every study that used AUC as a performance 
measure, the externally validated cohort showed a 
decline in AUC. The AUCs and Brier scores for each 
validation set at 3-, 6-, and 12-month survivals. All 
models had mean AUCs between 0.57 and 0.87 and 
mean Brier scores between 0.13 and 0.25.

Discussion
A meta-analysis comprising 35 articles was carried out, 
encompassing 4460 patients evaluated using Tokuhashi 
scores and 1381 patients evaluated using Tomita 
scores. A diagnostic odds ratio of 1.43 for the Tomita 
scores and 6.04 for the Tokuhashi scores was found in 
the results. Additionally, our analysis revealed that the 
Tokuhashi and Tomita scores had AUC estimates of 
0.795 and 0.879, respectively. A sensitivity of 58% and 

Figure 5 

Summary receiver operating characteristics of Tokuhashi score for 
postoperative survival in patients with metastatic spine disease.

Figure 6 

Sensitivity of Tomita score for postoperative survival in patients with metastatic spine disease.
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a specificity of 79% were found using the Tokuhashi 
score. Despite this, the Tomita score showed 20% 
specificity and 85% sensitivity.

The primary cancer site affects survival prediction in 
bone metastasis disease by dictating the aggressiveness 
of spinal metastasis and the primary disease and its 
response to treatment [36]. The primary cancer score 
in the Tomita score accurately predicted survival, 
according to the cumulative 6-month survival rate 
[37].

At 6 months, the Tokuhashi initial malignancy rating 
of four showed the largest area beneath the curve and 
the lowest cumulative survival percentage. This first 
malignancy score was consistent since it only included 
rectal cancer, unlike other scores. Furthermore, there was 

a tendency for the Tokuhashi rating to underestimate 
survival. Because of this, a Tokuhashi initial malignancy 
rating of 4 may have indicated the best accuracy 
in diagnosis, even though it had a higher initial 
malignancy rating than a lower survival rate [37]. On 
the other hand, a Tokuhashi initial malignancy rating 
of 2 showed the most encouraging cumulative survival 
and the least amount of AUC. The first malignancy 
score of 2, which was labeled ‘others,’ included lesions 
of the colon, ovary, urethra, melanoma, germinoma, 
liposarcoma, and leiomyosarcoma. This may help to 
explain why the least accurate diagnosis was found in 
cases where the Tokuhashi initial malignancy rating 
was 2 [14]. Tokuhashi and colleagues used information 
from fewer than three patients to classify cancers of the 
bladder, ovaries, colon, pancreas, and esophagus. As a 
result, particularly in the second score group, the initial 

Figure 7 

Specificity of Tomita score for postoperative survival in patients with metastatic spine disease.

Figure 8 

Diagnostic odds ratio of Tomita score for postoperative survival in patients with metastatic spine disease.
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malignancy group may reduce diagnostic accuracy in 
the Tokuhashi rating [14].

Furthermore, 12 studies were included that used 
various models to estimate survival in patients with 
metastatic spine disease. Our findings suggest that 
the SORG Nomogram is a good choice for predicting 
3-month and 1-year survival in patients who are having 
surgery to preserve their quality of life but have spinal 
metastases. It is regarded as one of the few scoring 
systems that consistently exceeds the AUC threshold 
0.70, demonstrating strong discriminatory power for 
both endpoints. These outcomes followed the Smeijers 
and Depreitere [38] study. Unlike scoring systems, the 
SORG Nomogram’s performance is maintained in 
three external validation studies. In addition to superior 
results in three out of three comparative studies with 
low risk of bias and low applicability concerns, good 
calibration was noted for both endpoints in one of the 
studies [38]. Moreover, the Nomogram began life as 
a multivariate Cox model that employed relevant and 
readily available prognostic factors, such as the primary 
tumor category, the Eastern Cooperative Oncology 
Group, the presence of visceral metastasis, laboratory 
markers (hemoglobin, white blood cell count), the 
number of spinal metastases, and prior systemic 
treatment [7].

Previous systematic reviews have reported these factors 
as independent survivorship predictors [39–41]. The 
Nomogram has an easy-to-use format that can be 
printed for convenience. It was created utilizing a 
sizable retrospective surgical assembly of 649 patients 
treated at two tertiary facilities between 2002 and 2014 
[39–41]. An additional positive rating comes from 

the SORG SGB machine learning algorithm, which 
demonstrated excellent qualities in its development 
study (732 surgical patients) and exceeded assessment 
standards [27].

As demonstrated by Karhade et al. [27], this score 
performs comparably, if not better, in discrimination 
and calibration than the SORG Nomogram during 
external authentication using the same patient as 
Ahmed et al. [42]. A net benefit is also indicated by 
the decision curve analysis and overall performance. 
Its potential has also been confirmed by two 
recent retrospective external validation studies in 
surgical cohorts, which showed good performance 
in calibration and discrimination for 3-month 
and 1-year survival. The SORG scoring systems 
are currently not fully prospectively validated or 
compared [43–45].

Due to their superior performance in development, 
validation, and direct comparison, individual risk 
prediction scores – like the SORG Nomogram 
and SORG SGB machine learning algorithm – are 
becoming more and more popular than traditional risk 
score tables like Tomita and Tokuhashi [45]. Therefore, 
adopting individual risk prediction modeling should 
be the main focus of future research and treatment 
choices. Even the top-performing models, though, 
can still be improved upon; 70–78% performance is 
expected for both calibration and discrimination [38]. 
It is essential to follow methodological guidelines like 
PROBAST and the TRIPOD statement. Prospective 
clinical incorporation should evaluate patient outcomes 
such as quality of life and give clinical utility for 
patient counseling and decision-making priority after 
validation [46–48].

Prognostic models that predict the preoperative 
survival of patients suffering from disease-related 
extremity metastases. Our findings indicated that the 
PATHfx 3.0 model and the SPRING 2013 nomogram 
had the most recent externally validated survival 
likelihood scores, exhibiting superior performance 
status in accuracy and discrimination. At the 3-month 
endpoint, PATHfx 3.0 showed similar performance 
to the SPRING 2013 model, despite the latter’s 
marginally superior survival prediction at 6 and 12 
months. Itis interesting that both models are updated 
iterations of earlier prognostic models. These outcomes 
followed a prior investigation conducted by Ben Gal et 
al. [4]. Nevertheless, using the same external validation 
database, Meares et al. [3] showed that the Optimodel 
performed better than SPRING 2013 in predicting 
survival at 12 months. At 3- and 6-month intervals, 
PATHfx 1.0 was demonstrated to be more accurate.

Figure 9 

Specificity of Tomita score for postoperative survival in patients with 
metastatic spine disease.
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There is a lack of agreement on the variables that should 
be included in survival prediction models. Although 
primary tumor histology is a major prognostic factor 
that influences survival, different models differ greatly 
in the content and subdivision of this variable. Bollen 
and colleagues‘ division is used in some studies [5,31], 
but Katagiri and colleagues’s division is used in others 
[32–34]. Many models [6,29,30,35] include multiple 
myeloma as the primary tumor; however, some, like 
Willeumier et al. [31], do not include it, arguing 
that the impact of primary hematological cancer on 
survival differs from that of osseous metastases from 
solid carcinomas. Some recent prognostic models 
[29,30,33,34] have found a significant impact on 
survival associated with impending and pathologic 
fractures, as identified by Bauer and Wedin [15]. 
However, other models [5,6,31,35] have not found 

the same impact. Important predictors of preoperative 
survival have been identified, including hemoglobin 
level [32–34], absolute lymphocyte [33,34], platelets, 
ALP, albumin [32], or CRP [5]. Nonetheless, these 
labs may be interchangeable due to collinearity 
with other clinical variables [4]. Using only three 
variables, Willeumier et al. [31] produced a clinically 
useful model that accepted reduced discriminatory 
ability compared to the many variable-based models 
[30,33–35]. The kitchen sink approach is used by 
machine learning-based models, which choose a 
large number of variables to improve accuracy while 
providing a clinician-friendly tool. The disparity in 
how prognostic factors are thought of compromises 
the quality and reliability of comparative studies in 
various populations and demands consideration in 
future research [31].

Table 1 Summary table of studies included in the meta-analysis assessing Tokuhashi and Tomita systems for postoperative 
survival in patients with metastatic spine disease

References Years of publication Country Study period Total TP FP FN TN 

Tokuhashi scores

 � Tabourel et al.[53] 2021 France 2014-2017 739 81 25 21 140

 � de Almeida et al.[54] 2018 Brazil 2008-2015 117 72 24 24 130

 � Tarabay et al.[55] 2022 Canada 2008–2020 94 90 14 12 101

 � Tokuhashi et al [12]. 2005 Japan - 246 72 18 23 133

 � Ulmar et al.[56] 2007 Germany 1984.09–2005 217 86 23 40 68

 � Liang et al.[57] 2010 China 1996–2009. 104 38 5 38 23

 � Moon et al.[58] 2011 South Korea 1987–2008 182 58 6 74 44

 � Park et al.[59] 2011 South Korea 2001–2008 135 32 8 64 31

 � Mollahoseini et al.[60] 2011 Iran 2007–2009 109 60 11 10 28

 � Pointillart et al.[61] 2011 France 2005–2007 142 37 28 29 48

 � Hessler et al.[62] 2011 Germany 1999–2004 76 6 8 17 45

 � Wibmer et al.[63] 2011 Austria 2003–2011 196 74 19 32 71

 � Majeed et al.[64] 2012 UK 2007–2010 55 30 2 11 12

 � Oh et al.[65] 2012 South Korea 1996–2008 52 10 20 6 16

 � Wang et al.[66] 2012 Denmark 1992–2009 448 117 34 124 173

 � Hernandez–Fernandez et al.[67] 2012 Spain 2004–2006 90 28 16 17 29

 � Yang et al [36]. 2012 South Korea 2001–2009 217 69 24 70 54

 � Lee et al.[68] 2013 South Korea 2005–2010 577 227 31 265 54

 � Gakhar et al.[69] 2013 UK 2007–2010 90 42 9 25 14

 � Tabouret et al.[70] 2013 France 2004–2010 121 37 12 32 40

 � Kim et al.[71] 2014 South Korea 2006–2011 112 23 10 32 47

 � Yeung et al.[72] 2014 China 2000–2010 128 24 12 15 77

 � Aoude et al.[73] 2014 Canada 2003–2012 126 77 12 7 30

 � Kumar et al.[74] 2014 Singapore 2007–2011 87 17 1 46 23

Tomita Scores

 � Tabourel et al.[58] 2021 France 2014–2017 120 40 15 16 126

 � Liang et al.[75] 2010 China 1996–2009 104 64 24 10 6

 � Aoude et al.[73] 2014 Canada 2003–2012 126 83 23 1 19

 � Moon et al.[58] 2011 South Korea 1987–2008 182 95 16 37 34

 � Zhang et al.[76] 2013 China 2003–2011 36 23 0.5 8 5

 � Wibmer et al.[63] 2011 Austria 2003–2011 196 93 43 13 47

 � Majeed et al.[64] 2012 UK 2007–2010 55 41 12 0.5 2

 � Yang et al [36]. 2012 South Korea 2001–2009 217 113 48 26 30

 � Tabouret et al.[70] 2013 France 2004–2010 146 65 23 22 36

 � Kim et al.[71] 2014 South Korea 2006–2011 112 47 36 8 21

 � Kumar et al.[74] 2014 Singapore 2007–2011 87 35 8 28 16

FN, false negative; FP, false positive; TN, true negative; TP, true positive.
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The model’s clinical representation ought to be dynamic, 
encompassing not only the rate of tumor growth but 
also the efficacy of treatment progression and the 
emergence of different primary tumor subtypes. For 
this goal, every model in our evaluation used clinical 
profiles. To ensure accuracy and applicability, Anderson 
and colleagues and Sorensen and colleagues improved 
their original models by developing new iterations based 
on larger and more recent databases [29,30,33,34]. The 
model applicability was dependent on how similar 

the treated populations were, as the patients in these 
studies received different treatments and had different 
characteristics [4]. Approach variations could result in 
less-than-ideal performance. As documented in the 
literature [49], external validation cohorts performed 
worse than internal validation cohorts for all survival 
endpoints in models where performance criteria were 
defined as AUCs. Whereas Pathfx 1.0 was externally 
validated across several patient cohorts, the Janssen 
score, OptiModel, and SPRING 2013 nomogram 

Table 2 Summary table of studies assessing scoring systems for postoperative survival in patients with metastatic spine disease

References Year of 
publication 

Prognostic scores Study design Study 
duration 

Number of 
patients 

Intervention Survival 

Leithner et al [16]. 2008 Tokuhashi, Bauer, Tomita, 
Sioutos, Van der Linden

Prospective and 
retrospective

1998–
2006

69 Surgery 21

Wibmer et al.[63] 2011 Tokuhashi, Bauer, Tomita, 
Sioutos, Van der Linden

Retrospective 1998–
2006

254 Systemic/RT 76% 
Surgery 24%

10.6

Dardic et al.[77] 2015 Tokuhashi, Bauer, Tomita, 
Van der Linden

Retrospective 2005–
2010

196 Conservative 
65% Surgery 

35%

7, 14

Bolen et al.[10] 2016 Tokuhashi, Bauer, Tomita, 
Van der Linden, Rades

Retrospective 2000–
2010

1379 RT 83% Palliation 
7% Surgery 10%

5.1

Hibberd et al.[78] 2017 Tokuhashi, Bauer, Tomita, 
Sioutos, Van der Linden

Retrospective 2010–
2013

61 Surgery NR

Pereira et al.[79] 2017 Tokuhashi, Bauer, Tomita Retrospective 2014 100 Surgery 9

Pollner et al.[80] 2018 Tokuhashi, Bauer, Tomita, 
Van der Linden

Retrospective 2007–
2015

329 Surgery 7.4

Choi et al [8]. 2018 Tokuhashi, Bauer, Tomita, 
Van der Linden, Rades

Prospective 2003–
2016

1469 Surgery NR

Ahmed et al [42]. 2018 Tokuhashi, Bauer, Tomita, 
Katagiri, Van der Linden

Retrospective 2008–
2012

176 Surgery 9.4

Nater et al [9]. 2018 Tokuhashi, Bauer, Tomita, 
Van der Linden, Bartels

Prospective 2000–
2016

142 Surgery 7.5

Karhade et al [27]. 2019 Tokuhashi, Bauer, Tomita, 
Katagiri, Van der Linden

Retrospective 2008–
2015

732 Surgery 3

Westermann et al 
[11].

2020 Tokuhashi, Bauer, Tomita, 
Van der Linden

Retrospective - 233 Surgery 13.6

NR, not reported; RT, radiotherapy.

Table 3 Risk of bias and applicability (Prediction model study Risk of Bias Assessment Tool) of studies assessing scoring systems 
for postoperative survival in patients with metastatic spine disease

References Risk of bias Concern regarding applicability Overall

Participants Predictors Outcomes Analysis Participants Predictors Outcome ROB CRA 

Leithner et al [16]. – * * ** – * – ** –

Wibmer et al.[63] – * * ** ** * – ** **

Dardic et al.[77] ** * * ** ** * – ** –

Bolen et al.[10] – * * – ** * – – **

Hibberd et al.[78] – * * ** * * – ** –

Pereira et al.[79] * * * * * * * * *

Pollner et al.[80] – * * ** * ** – ** **

Choi et al.[8] * * * * * * – * –

Ahmed et al [42]. * * * * * * * * *

Nater et al [9]. * * * * * * – * –

Karhade et al [27]. * * * * * * * * *

Westermann et al [11]. * * * * * * * * *

CRA, concern regarding applicability; ROB, risk of bias.
–, unclear risk.
*, low risk.
**, high risk.
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were externally validated twice [16,17,37–39]. When 
compared to other studies, the SORG model performed 
better in our investigation at the 3- and 12-month 
endpoints in its internal validation. However, since 
external validation was not carried out, this may not 
accurately reflect its performance and applicability in 
diverse populations.

While the projected 1-year survival rate is seen as a 
yardstick for prolonged survival, roughly corresponding 
to the median survival of surgical cohorts, the 
anticipated 3-month survival rate is still considered a 

threshold for surgical decision making. When choosing 
the best surgical strategy to achieve long-term results, 
this metric can be crucial in calculating the risk of 
local recurrence in long-term survivors, for example 
[8,50]. Prognostic systems are widely acknowledged 
in the literature as essential instruments for treating 
metastatic disease to the spine and extremities [51,52].

Our research highlights the challenges that recent 
models of survival prediction for symptomatic MBD 
patients have faced with regard to their applicability 
and performance in a variety of populations. This 

Table 4 Summary table assessing scoring systems for postoperative survival in patients with metastatic extremity bone disease

References Year of 
publication 

Prognostic score Study design Study 
duration 

Number of 
patients 

Intervention Survival 
in months 

Foresberg  
et al.[81]

2011 PATHfx. 1.0 Retrospective 1999–2009 815 Surgery 3, 12

Anderson  
et al.[34]

2019 PATHfx. 3.0 Retrospective 1999–2003 397 Surgery 3, 6, 12,

2015–2018 18, 24

Sorensen  
et al.[29]

2016 SPRING 2008 Retrospective 2003–2008 121 EPR 3, 6, 12

Sorensen  
et al.[30]

2018 SPRING 2013 Retrospective 2003–2013 270 EPR 3, 6, 12

Ratasvuori  
et al.[82]

2013 7SSG Retrospective 1999–2009 833 Surgery 6, 12

Willeumier  
et al [31].

2018 OPTIModel Retrospective 2000–2013 1520 RT or 
Surgery

3, 6, 12

Thio et al.[32] 2019 SORG Retrospective 1999–2017 1090 Surgery 1, 12

Janssen et al 
[35].

2015 Nomogram Retrospective 2009–2013 927 Surgery 1, 3, 12

Errani et al [5]. 2021 IOR Prospective 2015–2018 159 Surgery 12

Meares et al [3]. 2019 Revised Katagiri model, PathFx model, 
SSG score, Janssen nomogram, 

OPTModel, SPRING 13

Retrospective 2003-2014 114 Surgery 36

Alfaro et al [28]. 2021 Revised Katagiri, PathFx, Optimodel and 
IOR score

Retrospective 2016-2019 136 Surgery 12

EPR, endoprosthetic replacement; IOR, instituto Orthopedico Rizzoli; RT, radiotherapy; SSG, Scandinavian Sarcoma Group.

Table 5 Risk of bias and applicability (Prediction model study Risk of Bias Assessment Tool) of studies assessing scoring systems 
for postoperative survival in patients with metastatic extremity bone disease

References Risk of bias Concern regarding applicability Overall

Participants Predictors Outcomes Analysis Participants Predictors Outcome ROB CRA 

Foresberg et al.[81] – * * – * * * – –

Anderson et al.[34] * * * – * * – – –

Sorensen et al.[29] – * * – ** * * – **

Sorensen et al.[30] * * * * ** * – – **

Ratasvuori et al.[82] – * * * * * – – –

Willeumier et al [31]. * * * * * * * * *

Thio et al.[32] * * * * * ** – ** –

Janssen et al [35]. * * * * * * – * *

Errani et al [5]. * * * * * * * * *

Meares et al [3]. * * * * * * * * *

Alfaro et al [28]. * * * * * * * * *

CRA, concern regarding applicability; ROB: risk of bias.
–, unclear risk.
*, low risk.
**, high risk.
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highlights the need for multidisciplinary cooperation 
between radiologists, orthopedic surgeons, and 
oncologists to determine the best course of treatment 
instead of depending exclusively on risk prediction 
models. Additionally, it recommends that future 
prospective multicenter studies employ standardized 
treatment regimens to investigate and compare the 
most promising models [4].

Limitations
Our study was subject to certain limitations, such as 
inter-study heterogeneity, treatment effects on overall 
survival and cause of death not being taken into account, 
and limited availability of individual data from enrolled 
studies. Heterogeneity has been created by using 
different statistical methods to assess performance, 
incorporating different scoring systems, and using 
different time periods, all of which have presented certain 
difficulties. However, these limitations were assessed by 
focusing on similar metrics and presenting the results 
in a comprehensive manner. Most comparative studies 
have focused primarily on evaluating discrimination, 
with insufficient attention paid to calibration. In 
current research, it is challenging to lessen the influence 
of primary tumor categories, and there is currently not 
enough evidence to support the use of scoring systems in 
cancer-specific prognostications. All external validation 
studies were not included in individual scores; instead, 
validation studies were only included for comparison 
to obtain better results. However, it is unlikely that any 
other scoring system would perform better than the 
ones listed above.

Conclusion
The Tokuhashi score exhibited elevated sensitivity and 
specificity, along with a generally superior diagnostic 
value when compared with the Tomita score. The 
SORG Nomogram displayed strong predictive 
performance for both 3-month and 1-year survival, 
outperforming other models regarding reliability 
and practicality. Furthermore, promising outcomes 
were observed with PATHFx 3.0, 2013-SPRING, 
and potentially Optimodel as models for forecasting 
survival in surgeries related to extremity metastasis.

Orthopedic surgeons can make informed decisions 
using preoperative prognostic models for patients with 
MBD. Their discriminative ability and calibration 
precision have, however, only slightly improved. It is 
challenging to recommend a particular model as the 
gold standard for predicting survival in patients with 
BMD.
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