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K E Y  M E S S A G E 

We used machine learning to predict 6-month survival 
after radiotherapy in 10 537 patients with spinal 
metastases. Our model demonstrated 88.5% accuracy 
in distinguishing survival outcomes. Its promising 
performance could enhance decision making for 
radiotherapy.

Survival estimate models of cancer patients with 
spinal metastases: big data analytics to aid daily 

clinical practice (abridged secondary publication)
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Introduction
Spinal metastases affect 60% to 70% of patients with 
advanced cancer.1 Malignant spinal cord compression 
is associated with high morbidity and mortality.2 To 
mitigate the adverse outcomes of spinal metastases, 
intensification of radiotherapy and surgery is proposed 
in addition to chemotherapy. Radiotherapy is utilised to 
control pain and improve outcomes in spinal metastasis.3 
Decision making regarding surgery for spinal metastases 
is complex. Treatment intensification is associated 
with substantial morbidity and mortality, particularly 
for spinal surgery.4,5 Surgeries in an emergency setting 
are resource-intensive, requiring specialised surgeons 
and prolonged postoperative rehabilitation.6 Similarly, 
intensification of radiotherapy using stereotactic body 
radiotherapy enables excellent local tumour control.7 
However, it requires increased resources in imaging 
and dosimetry, which are scarce in public hospital 
settings. Therefore, an accurate survival estimate is 
essential for the spinal care team to determine the most 
appropriate treatment for this heterogeneous patient 
group. For patients with short survival of ≤3 months,8 
invasive treatment with major decompressive surgery 
near the end of life is likely to cause major morbidity 
and prolonged hospitalisation. Conventional palliative 
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radiotherapy alone, delivered in 10 fractions, is sufficient 
for pain relief and stabilisation in 70% of patients.9 For 
patients with longer estimated survival, treatment 
intensification is deemed necessary to mitigate severe 
complications of spinal metastases, which can lead to 
irreversible lower limb paralysis.10

 This study aimed to construct an accurate survival 
prediction model based on a cohort of approximately 
10 000 patients with spinal metastases in Hong Kong, 
who exhibit heterogeneous backgrounds and outcomes.

Methods
We constructed a prediction model using the Light 
Gradient Boosting Machine (a Microsoft-developed 
gradient boosting framework) for structured data 
and the bag-of-words model for unstructured data. 
The Light Gradient Boosting Machine is recognised 
for its advanced network communication, efficient 
memory utilisation, rapid training process, and effective 
overfitting prevention measures, facilitated by a 
histogram-based algorithm, leaf-wise growth strategy, 
gradient-based one-side sampling, and exclusive feature 
bundling. These mechanisms provide efficient solutions 
for high-dimensional datasets. For text data, we used 
the bag-of-words model to transform raw text into term 
frequency matrices, using a 10-fold cross-validation 
approach for model evaluation. Model optimisation 
was achieved through hyperparameter tuning using 
grid search and refinement of feature extraction from 
unstructured text. This process involved creating a 'stop 
words' list and incorporating n-grams of varying lengths 
to capture more meaningful information. The model 
was designed to maximise prediction accuracy while 
maintaining robustness and generalisability.

Results
After matching each patient with a unique reference 
key and excluding those with missing data, we obtained 
10 537 unique reference keys. Each patient was treated 
as a unit of observation in the prediction problem: 
patient data collected prior to the diagnosis date were 
used to construct the independent variables, whereas 
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TABLE 1.  Model performance across various evaluation metrics.

Metrics 438 
features

Top 50 
features

Top 40 
features

Top 30 
features

Top 20 
features

Top 15 
features

Top10 
features

Area under 
the receiver 
operating 
characteristic 
curve

0.885 0.879 0.879 0.879 0.871 0.864 0.839

Log-loss 0.421 0.433 0.438 0.436 0.447 0.464 0.495

Root mean 
square error

0.1353 0.140 0.141 0.141 0.144 0.148 0.162

Precision-
recall

0.804 0.801 0.796 0.796 0.795 0.790 0.761

F1 Score 0.825 0.822 0.818 0.818 0.817 0.813 0.788
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survival status 6 months after assessment served as the 
dependent variable. 
 The mean age of the 10 537 patients with spinal 
metastases was 64±13 (range, 5-101) years. Using 
one-hot encoding, independent variables were split into 
3248 features. The importance of these features was 
ranked based on the amount of information gained. The 
model was then trained using the 438 features for which 
information gain was >0. The area under the receiver 
operating characteristic curve was the primary metric 
for assessing model performance in classification. The 
overall score of the model was 0.885. Other metrics 
including log-loss, root mean square error, precision-
recall, and F1 score served as auxiliary measurement 
metrics. The performance metrics for this model, as well 
as those for models using only the top 50, 40, 30, 20, 15, 
and 10 features, respectively, are shown in Table 1. The 
most important feature was the total amount of albumin 
in the blood from the last test result before radiotherapy 
(or the most recent result). Discussions with practitioners 
confirmed that the top 10 features were most relevant for 
survival after radiotherapy (Table 2).

Conclusion
We used machine learning to predict 6-month 
survival rates after radiotherapy in patients with spinal 
metastases, based on a dataset of 10 537 patients. Our 
model demonstrated 88.5% accuracy in distinguishing 
survival outcomes. Its promising performance could 
enhance decision making for radiotherapy.
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TABLE 2.  The 10 most relevant features for survival after radiotherapy in our model.

Feature Split Gain Quantile Types Explanation

Albumin 284.2 9.87 11.0-55.0 g/L Numerical Total amount of albumin in the blood (last test result before radiotherapy or 
most recent result)

lnratio_ab 237.6 7.63 0-12 Numerical Neutrophil-to-lymphocyte ratio (absolute lymphocyte and absolute neutrophil 
counts from the last test result before radiotherapy or most recent result)

Codes_v66_7 168.4 7.43 0-35 times Numerical Number of inpatient diagnosis/prognosis codes (ICD-9-CM Diagnosis Code 
V66.7: encounter for palliative care)

Sodium 233.6 3.79 108.12-159 
mmol/L

Numerical Amount of sodium in the blood (last test result before radiotherapy or most 
recent result)

Codes_486 124.4 3.21 0-16 times Numerical Number of inpatient diagnosis/prognosis codes (ICD-9-CM Diagnosis Code 
48.6: other resection of the rectum)

Duration_between_
ip_and_RT

205 2.93 0-688 days Numerical Number of days between the discharge date of the latest hospitalisation 
before radiotherapy and the radiotherapy date

Codes_99_25 202.8 2.10 0-72 times Numerical Number of inpatient diagnosis/prognosis codes (ICD-9-CM Diagnosis Code 
99.25: injection or infusion of a cancer chemotherapeutic substance)

Alkaline 
phosphatase

291 2.09 17-5971 U/L Numerical Amount of alkaline phosphatase in the blood. This enzyme is predominantly 
found in the liver, bones, kidneys, and digestive system. When the liver is 
damaged, alkaline phosphatase may leak into the bloodstream (last test 
result before radiotherapy or most recent result).

Codes_198_5 179.2 2.04 0-99 times Numerical Number of inpatient diagnosis/prognosis codes (ICD-9-CM Diagnosis Code 
198.5: secondary malignant neoplasm of bone and bone marrow)

Phosphate 314 2.03 0.19-3.94 U/L Numerical A phosphate test measures the amount of phosphate in your blood (the last 
test result before radiotherapy or the latest one).


