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Background

Basic Marker (Value) Classifiers

In advanced non-small cell lung cancer (NSCLC), most patients
deteriorate rapidly and die within 1 year of diagnosis1. Forecasting
disease progression just prior to its clinical manifestation would
allow an earlier switch to the next treatment line, thus preventing
major deterioration in the patient's stature and potentially
improving response to therapy. However, present serum tumor
markers, e.g. carcinoembryonic antigen (CEA), lack the power to
signal progression2,3.

To assess basic predictive potential of the tumor markers, receiver
operating characteristic (ROC) analysis was applied to marker
levels monitored during treatment.

We developed PrediCare, an innovative predictive tool
for continuous monitoring and alerting to forthcoming
disease progression in late-stage NSCLC.
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ROC-derived classification trees were also tested for predictive
accuracy. Cross-validation of classification trees was done using
80%/20% of the patients for training/testing; the threshold for the
marker value was calibrated to reach 90% specificity for predicting
progression. This was repeated 500 times (random sampling).

Single & Multiple-Marker PrediCare
PrediCare was designed to input, at any given time, one to three
tumor markers and output a prediction of progression expected to
occur within the following 1-2 months.
 Model: The algorithm was constructed by machine learning
modeling on an R programming platform.
 Training: Features extracted from the tumor marker time course
were tested as input, where output was progressive disease (PD)
outcomes (y/n) by Response Evaluation Criteria In Solid Tumors
(RECIST 1.1). After feature selection, training of trees/
regressions and stacking of best-performing models was done.
 Testing: Cross-validation was performed (500 iterations; random
sampling), where in each iteration 80%/20% patients were used
for training/testing. Accuracy was evaluated in pooled test sets.

Methods & Results
Data of late-stage NSCLC
patients under 1st-line
standard-of-care therapeutics
were collected within a
retrospective observational
trial (NCT identifier
NCT02577627);
A total of 167 patients were
collected, the median followup time being 101 days;
Figure 1, Table 1.

Table 1. Population characteristics and
administered treatments.
Figure 3. PrediCare design:
Optimizing the moment of therapy switch by predicting imminent progression.

Figure 2. Weak association between tumor markers and progression. ROC
curves indicate the correlation between marker values and progressive disease
(PD by Response Evaluation Criteria In Solid Tumors; RECIST 1.1) in NSCLC
patients. Points corresponding to 90% specificity and respective sensitivity values
are marked. AUC- area under curve.

Each of the tumor markers had weak predictive ability on its own,
and was incapable of predicting imminent progression, as shown
by ROC curves (Figure 2) and simple classification trees (Table 2).

Figure 1. Overview of
data collection and
analysis.
Patient data were
analyzed for inclusion of
sufficient response
evaluations and tumor
marker assessments.

Conclusions

Table 3. PrediCare performance metrics in NSCLC patients using one, or three,
tumor marker(s).

The combination of all three tumor markers (CEA / CA125 / CA15.3)
accurately predicted over half of the progression events, 1-2 months
before they were clinically observed by RECIST (87/165 events; 52.6%
sensitivity), with few false positives (15/165 events; 91.1% specificity);
Table 3.
Table 2. Performance of simple classifiers using tumor marker values. Each
classifier was derived from ROC-analysis using one marker. The results are
shown in comparison to the reference index, specifying the performance of a
classifier that uses no information.
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Merging features from three markers, PrediCare showed much better
prediction capacity than any parallel single-marker algorithm (Table 3)
or double-marker algorithms (data not shown).

We used machine learning methods to create a new
individualized medicine software tool , which integrates weak
signals from three tumor markers, monitored during
treatment, into a combined strong signal for approaching
disease progression. This offers an improvement over the
present clinical practice in advanced NSCLC, enabling to
personally optimize the timing of the switch from 1st line
treatment to 2nd line treatment, just prior to potential disease
deterioration. Our PrediCare technology (Figure 3) uses easy-toobtain tumor markers in a unique way that offers superiority over
their current clinical interpretation. Testing of PrediCare under a
larger marker panel is underway.
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