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The analysis of different longitudinal biomarkers association
with the overall survival in non-small cell lung cancer
by means of joint modeling
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Abstract — It is well-known that tumor size is predictive of
overall survival for patients with non-small cell lung cancer
(NSCLC). Joint modeling is an advanced approach to quantify
the association between longitudinal biomarkers and overall
survival. The obtained results suggest that assessment of
biomarker dynamics improved the accuracy of survival
prediction in comparison with consideration of only baseline
biomarker values for investigated patients with NSCLC.
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Motivation and aim

In non-small cell lung cancer (NSCLC) studies tumor size
may be represented by Sum of Longest Diameters of target
lesions (SLD). SLD is known as important biomarker for
overall survival (OS) prediction [1,2]. Typically, different
other baseline and longitudinal biomarkers (representing
oxidative stress, blood status, kindey and liver function, etc.)
may be available from NSCLC study data. Multiple
longitudinal and baseline biomarkers and their association to
OS can be analyzed by means of joint modeling (JM) [3].
Current work is aimed to quantify the association of different
longitudinal biomarkers and OS in patients with NSCLC and
compare the results between two different NSCLC studies
with different treatments.

Methods

Data from the comparator arms of two phase 3 clinical
studies in second-line metastatic NSCLC were obtained from
Project Data Sphere repository, comprising 512 patients
treated with target therapy erlotinib (NCT00364351) and 596
patients treated with standard chemotherapy (docetaxel) from
ZODIAC study (NCT00312377). Patients in both considered
studies were similar in their disease status, demographics and
baseline characteristics. Particularly, they had similar baseline
values of most biomarkers, in spite of different types of
treatment. Cox proportional hazards models of baseline SLD
in combination with other baseline biomarkers (lactase
dehydrogenase (LDH), neutrophils, white blood cells (WBC),
neutrophil-to-lymphocyte ratio (NLR), alkaline phosphatase,
aspartate  aminotransferase, alanine aminotransferase,
creatinine) were tested first. The final Cox model for each
dataset was selected based on the lowest Bayesian Information
Criterion value and statistical significance of considered
covariates. On the basis of the optimal Cox model, multiple
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joint models were developed using one longitudinal
biomarker and other biomarkers as baseline. Joint model
parameter estimation was made in JM package in R.
Longitudinal biomarker trajectories were modeled with
natural splines. We assessed and compared the quality of
survival predictions of Cox and JM models by means of
Receiver Operating Characteristic Curve AUC (ROC AUC)
and Brier Score (BS) [3]. In the case of JM, ROC AUCs and
BSs were calculated with 90-day cut-off of longitudinal data.

Results

The optimal Cox model was identified for each study. Cox
model structures turned out to be identical for both datasets
and included SLD, LDH, WBC and NLR baseline biomarkers.
The significant association between each of these identified
biomarkers and OS was detected in JM as well, where the
biomarkers were considered longitudinal. Additionally, the
association between longitudinal SLD, LDH, WBC and the
risk of death turned out to be close for both studies with
different NSCLC treatments. JM outperformed Cox models in
ROC AUC and BS analysis. Accumulation of longitudinal
data up to 90 days improved accuracy of survival prediction
independently of which biomarker was considered
longitudinal. This was confirmed in analysis of both study
data. The highest prediction accuracy was received for JM
models with assessment of SLD dynamics and baseline values
of LDH and WBC.

Conclusions

We identified the statistically significant association of
different biomarkers with OS in selected NSCLC data. M
allowed to consider the longitudinal biomarker trends in
addition to the baseline values only, that are used in Cox
models. Longitudinal biomarkers trajectories assessment
allowed to achieve higher patient survival discrimination in
IM, compared to Cox models.
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