
• Manually curated datasets using data sourced from a single-

centre MOSAIQ system generated machine learning models

with high classification accuracy

• These models should be considered for use in clinical

decision support systems to advance our understanding of

the factors impacting on and predicting CSS to drive

improvements in patient care
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• In New South Wales (NSW), Australia, 2 in 5 patients

diagnosed with a head and neck cancer (HNC) between

2005 and 2009 died within 5 years following diagnosis, with a

small improvement in overall survival from 52.9% in 1999 to

59.6% in 20091

• Machine learning may be used to address survival

challenges faced by patients with HNC, when data relating

to, and including, survival is available

• The aim of this study was to predict cancer-specific survival

(CSS – death due to HNC) at any time through the

application of machine learning in patients with HNC using

data manually sourced from MOSAIQ, and identify

prognostic factors associated with CSS utilising the available

demographic, tumour and treatment variables at Prince of

Wales Hospital (POWH)

Exploring the application of machine learning to predict cancer-specific survival in head 

and neck cancer patients using manually curated datasets
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• Newly diagnosed adult patients with previously untreated

squamous cell carcinoma of the head and neck, with no

distant metastases, definitively treated at POWH between

2000 and 2017, were eligible

• 19 available demographic, tumour, and treatment variables

were analysed, manually sourced from MOSAIQ (ethics

approval SESLHD 10/040)

• Death data was obtained via linkage with the National Death

Index (ethics approval EO2017/5/392)

• 5 machine learning models (logistic regression, gradient

boosted trees, random forest, support vector machine,

artificial neural network) were trained with 5-fold cross-

validation and hyperparameter tuning in Python to predict

CSS

• Factors associated with CSS were examined using forward

stepwise conditional Cox Regression in SPSS 25

Results Predictors of head and neck cancer death

Model performance metrics

Feature importance

• 886 patients were eligible for analysis, of whom 238 (27%)

died due to HNC

• Most patients were male (80%), with oropharynx (28%),

hypopharynx (29%), or oral cavity (30%) cancer
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Variable N (%) Variable N (%)

Gender Presentation year

Male 705 (80%) 2000-2009 576 (65%)

Female 181 (20%) 2010-2017 310 (35%)

Age Performance status

<65 years 498 (56%) 0-1 817 (92%)

≥65 years 388 (44%) 2-4 35 (4%)

Previous tumour Unknown 34 (4%)

No 730 (82%) Comorbidities

Yes 155 (18%) No 516 (58%)

Unknown 1 (<1%) Yes 369 (42%)

Tobacco smoking Unknown 1 (<1%)

Never 169 (19%) Alcohol consumption

Ex-smoker (not for 2 yrs) 283 (32%) Never 192 (22%)

Daily smoker 428 (48%) Social 214 (24%)

Unknown 6 (1%) Daily drinker 445 (50%)

Cancer operable Unknown 35 (4%)

No 94 (11%) Fit for operation

Yes 784 (88%) No 44 (5%)

Unknown 8 (1%) Yes 839 (95%)

Grade (differentiation) Unknown 3 (<1%)

Well 98 (11%) T stage

Moderately-well 446 (50%) T1 309 (35%)

Poorly 201 (23%) T2 227 (26%)

Unknown 141 (16%) T3 248 (28%)

Tumour site T4 102 (11%)

Hypopharynx 257 (29%) N stage

Larynx 64 (7%) N0 503 (57%)

Nasopharynx 52 (6%) N1 158 (18%)

Oral cavity 262 (30%) N2 202 (22%)

Oropharynx 251 (28%) N3 23 (3%)

Treatment modality Overall stage

Surgery only 187 (21%) I 216 (24%)

Radiotherapy only 272 (31%) II 138 (16%)

Surgery + radiotherapy 267 (30%) III 246 (28%)

Chemotherapy 160 (18%) IV 286 (32%)

Chemotherapy Surgery

No 693 (78%) No 432 (49%)

Yes 193 (22%) Yes 454 (51%)

Radiotherapy Death due to HNC

No 187 (21%) No 648 (73%)

Yes 699 (79%) Yes 238 (27%)
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• The gradient boosted trees, random forest, and support

vector machine models had the highest performance metrics

(a metric of 1 is a perfect score) when predicting CSS

• These models reported the highest test set accuracy

(correctly classify outcomes on unseen data), sensitivity

(correctly identify patients who actually died from HNC),

specificity (correctly identify patients who actually did not die

from HNC), and area under the curve (correctly discriminate

between HNC deaths and non-HNC deaths)

• The artificial neural network (ANN) model had consistently

lower performance and requires more data compared to the

other models, which lead to underfitting of training data

• ANN models are labelled as a “black box”, where no insight is

given for the influence of independent variables in the

prediction process

• T stage, presentation year, N stage, overall stage and

tobacco smoking were the 5 most important features used by

the models to predict CSS

• Factors associated with an increased likelihood of death

include: hypopharynx or oral cavity primary site, increasing T

and N stage, and the need to receive radiotherapy treatment

(in any form)

• Factor associated with a decreased likelihood of death

include: operable cancer
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