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• Breast cancer diagnosis remains predominantly 

reliant on imaging and tissue biopsy. 

• Complementary blood-based biomarkers may 

support more accessible and scalable diagnostic 

pathways. 

• BREASTEST plus  2 is a targeted lipidomic blood test 

combining LC-MS/MS lipid biomarkers with clinical 

variables and machine learning. 

• The next-generation assay was developed to broaden 

the clinical use of the original  Class 3 in-house IVD 

BREASTEST plus   platform. 

• This work describes the algorithm optimisation,  

analytical, algorithm  and clinical  validation, of the 

BREASTEST plus  2 platform. 
Diagnostic algorithm
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High resolution LC-MS/MS

Algorithm development 

• Expanded lipid panel

• Complementary 

reversed-phase and 

HILIC methods 

broaden lipid coverage. 

• Targeted LC-MS/MS on 

SCIEX 6500+, designed 

for high-throughput 

clinical use.

• Proprietary algorithm 

integrating lipids and 

clinical inputsWorkflow
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Analytical 
Validation

• Performance assessed without further 

optimisation or threshold adjustment

• Validation includes:
o Accuracy (internal validation - held-out 

predictions using 5-fold cross-validation) 
o Imprecision (3 QC samples × 100 

identical scores) 
o Robustness and Measurement 

Uncertainty (propagating observed 
analytical variability through the model 
and impact on predicted scores and 
classification. MU quantified around the 
decision cut-off) 

Internal Validation (Algorithm training dataset; 5-fold cross validation)

The transition to BREASTEST plus  2,  was supported by a complete validation pathway from 
analytical assay performance through algorithm optimisation and validation to independent 
clinical validation. The LC-MS/MS methods demonstrated suitable analytical performance for 
targeted plasma lipid measurement, while algorithm validation confirmed the locked model 
configuration and clinical validation assessed performance in previously unseen samples. 
Together, these studies provide an integrated evidence base supporting the improved 
BREASTEST plus  2 workflow to aid in the detection of early stage (0-2) breast cancer in 
women aged 30 years and over and with any breast density type. This body of work also 
provides the foundation for BREASTEST Monitor, with future development incorporating 
orthogonal biomarkers, including genomic markers, to further strengthen performance and 
expand the clinical utility of the platform.

Linearity, 
LLOQ/ULOQ 
and Carry-over

Calibration linearity:
• R2 ≥ 0.99
• % Accuracy ≤ 20% at LLOQ, ≤15% at 

other concentrations
Method linearity: 
• R2 ≥ 0.99
• % Bias should be within 15%
Carry-over: 
Post-ULOQ blank response ≤20% of 
LLOQ response.

Imprecision
Inter/Intra imprecision;
% CVs ≤ 15% for each QC 
level

Specificity
• Ion ratio within ±20% of calibrator 

mean 
• Unspiked IS response <5% of 

spiked mean 
• No significant interfering peaks  
• Bias ≤15%

Matrix Effects 
& Recovery
• ME: IS matrix factor variability 

≤15% CV across plasma lots.
• Rec: % Recovery between 80-

120%

Stability
• Mean bias <15% 
• ≥67% of samples within ±15% of control 
• TOST equivalence assessment 
• Passing–Bablok agreement analysis

Interferences
• Haemolysis, icterus, Lipaemic, 

common drugs
• Bias ≤15% vs control 
• Ion ratio equivalent to control 

condition

Robustness
• Bias ≤15% vs nominal 
• Precision ≤15% CV 
• No unacceptable changes 

in RT, peak shape or 
identification

Summary of lipid equivalence across temperature and 
storage-time conditions. Traffic-light representation of the 
number of lipids meeting the predefined TOST equivalence 
criterion (15% threshold) across 25 temperature-time 
conditions, with the blue-yellow-red gradient indicating 
progressively fewer equivalent lipids. Whole blood showed 
limited equivalence across conditions, whereas separated 
plasma demonstrated greater stability, particularly under 
refrigerated and -20 °C storage. A supporting Passing–Bablok 
bias assessment was broadly concordant with the TOST 
findings and identified a small number of lipids more 
susceptible to pre-analytical variation.

Stability of lipid analytes following freeze–thaw, benchtop 
and autosampler conditions. For each analyte and test 
condition, the x-axis shows the percentage of samples with 
measured concentrations within ±15% bias relative to the 
reference condition. The dashed vertical line represents the 
predefined two-thirds acceptance threshold, while point size 
represents the mean absolute percentage bias for each analyte. 
All assessed lipids met the predefined acceptance criteria for 
freeze–thaw and autosampler stability, while three lipids failed 
the benchtop stability criterion. These findings will be 
considered alongside the contribution of each lipid to overall 
algorithm performance when determining the final panel, 
balancing analytical stability against model performance.

Effect of haemolysis on measured lipid concentration. Percentage 
bias relative to the corresponding unspiked control across increasing 
concentrations of lysed whole blood in six independent plasma lots.
The solid horizontal line represents 0% bias, and the dashed lines 
indicate the predefined ±15% acceptance limits. An exemplar lipid is 
shown, demonstrating a consistent downward trend in bias with 
increasing haemolysis across all lots, with some measurements 
exceeding the acceptance limits at higher haemolysis concentrations, 
indicating concentration-dependent interference.
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Intra-day and inter-day imprecision  across QC levels. An exemplar lipid is 
shown across three QC concentration levels: QC-L, QC-M and QC-H. Intra-
day precision was assessed using 20 replicate measurements on Day 1, 
while inter-day precision was assessed across Days 1–5. Replicate 
measurements are displayed sequentially within each day, with dotted 
vertical lines separating analytical days. The consistency of measurements 
within and across days demonstrates stable assay precision across the 
evaluated QC levels without need of expensive automation.

Ion ratio specificity assessment 
for an exemplar lipid. Sample 
ion ratios (black points) are 
shown across run order relative 
to the mean ion ratio of the 
corresponding calibration 
solutions. The solid black line 
represents the calibrator mean, 
black dashed/dotted lines 
represent ±1 and ±2 SD, and blue 
dashed lines represent the 
predefined ±20% acceptance 
limits around the calibrator 
mean. Ion ratios remained within 
predefined limits, supporting 
analyte specificity with no 
evidence of significant 
interference.

Linearity assessment for an exemplar 
lipid.
(A) Calibration curve linearity: nominal 
versus back-calculated measured 
concentrations across five calibration 
curves generated during the imprecision 
study (Days 1–5).
(B) Method linearity: expected versus 
measured concentrations across QC-
L/QC-H admixtures spanning the 
analytical measurement range

A

B

Numbers
167Control/147Cancer 

n=314

Sensitivity 0.803 (0.731-0.859)

Specificity 0.485 (0.410-0.560)

NPV 0.736

PPV 0.558

AUC 0.685

Numbers
316Control/148Cancer 

n=464

Sensitivity 0.865 (0.8-0.911)

Specificity 0.551 (0.496-0.605)

NPV 0.897

PPV 0.474

AUC 0.804

*PPV/NPV reflect validation-cohort prevalence and were not adjusted to the ~0.6% invasive breast cancer detection prevalence observed in routine BreastScreen Australia 
participants aged 50–74 attending subsequent screening rounds (AIHW, 2026).

Analytical
 Validation

Algorithm
Optimisation 
+Validation

Clinical 
Validation

• Algorithm training dataset (n=464)

• Analytical drift and Batch correction  

evaluation

• Data pre-processing assessment

• Sample randomisation

• Feature Engineering methods

• Model tuning and threshold assessment

Optimisation

Validation

The validation process follows a staged pathway, building 
evidence from analytical performance through to algorithm and 
clinical validation. Each stage supports the next and helps 
ensure the final assay is fit for purpose and aligned with 
regulatory requirements.
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External Validation (similar sample breakdown as training dataset)

Probability of classification change due to 
measurement uncertainty. Shows how likely a 
commercial sample is to change classification due to 
expected analytical variability. Samples further from the 
cutoff are more stable, while those close to the cutoff 
have a higher probability of changing classification.

Method 14 
Complex lipid analysis using isopropanol 
extraction, C18 reversed-phase chromatography 
and ESI polarity switching.
Method 25

Acylcarnitine analysis using acetonitrile 
extraction, HILIC separation and positive-mode 
ESI.

C+D Density

Commercial Assay

Density Agnostic

BREASTEST plus  BREASTEST plus  2 

Final Feature list  and Algorithm design lock

Distribution of samples by clinical and 
demographic characteristics. Number of 
Cancer and Control samples according to breast 
density, age group and BMI group.

Clinical characteristics of 
Cancer samples. Distribution of 
breast pathology, disease stage 
and molecular subtype
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