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Abstract

We have tested an advanced confocal Raman micro-spectroscopy (RMS)
system (BioRamR) to assess, in a retrospective study, whether the
technology can distinguish aggressive from non-aggressive prostate cancer
on prostatectomy tissue from Gleason 6 patients for whom long term
outcome data were available. In addition, based on previous work on
aggression-specific biomarker sets derived from tumor-surrounding tissue
(stroma), we wanted to assess whether RS was capable of detecting
aggression- indicating signals in the stroma. The overall rationale of our
project is the evaluation of the performance of RS technology in the
prostate cancer diagnostic arena with the goal of improving early diagnosis
and prediction of outcome.
Our results presented here indicate that Raman micro-spectroscopy, as a
label-free tool, is indeed capable of distinguishing aggressive from non-
aggressive prostate cancer.
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Background

Conclusions

Methods

The unequivocal identification of aggressive prostate cancer at the time of
diagnosis is still challenging. Prognostic evaluation of patients with clinically
localized disease relies on D’Amico classification (low, intermediate and high
risk), which itself relies on PSA, DRE and Gleason score on biopsy tissue.
These parameters underestimate disease aggressiveness in 30% of the cases.
Also, 20% of patients managed initially with active surveillance, experience
disease progression and ultimately need radical treatment. There is clearly
an unmet need for a better characterization of early-stage disease at the
time of diagnosis.
Even with the advent of recent molecular tests based on cancer-specific
biomarkers (e.g. polymerase chain reaction, DNA methylation or
immunofluorescence based tests), there is room for biophysical diagnostic
approaches that are independent of genetic heterogeneities of individual
prostate cancer lesions. Such tests should enhance Gleason score (or Epstein
score) and risk evaluation on a per lesion basis, and ideally confirm or
challenge MRI scores when available.
Raman Micro-Spectroscopy (RMS) is ideally suited for determining cancerous
disease states in prostate tissue. This optical approach is based on inelastic
scattering of photons by a cells’ molecular components when tissue is
illuminated with a laser source. The resulting Raman spectrum is dependent
on a cell’s physiologic state, i.e. different disease states yield distinct spectra.
This technique is tissue based and non-destructive, thus results can be
related to histo-pathological findings.
While our goal is to develop RMS assays applicable to prostate biopsies for
early diagnosis and prognosis of outcome, we began our studies, for practical
reasons, such as availability of tissue with long term patient history, by
analyzing prostatectomy tissue. We report here the results of our first study.
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In a retrospective study on 30 prostatectomy patients with known outcome (Departments of Urology
and Pathology, SLK Kliniken, Heilbronn), we analyzed prostatectomy tissue with Gleason 6/7a scores: 15
cases with non-aggressive disease (no biochemical relapse in 60 months, i.e. PSA always <0.2); 7 cases
with very aggressive disease (average time to biochemical relapse 4.3 months); 8 cases with aggressive
disease (average time to relapse 30.1 months) on a CellTool BioRamTM Raman confocal micro-
spectrometer. Several tumor areas and stroma areas at increasing distances from tumor were
measured for each patient and data analyzed by principal component analysis and support vector
machine-crossvalidation.

Raman Measurements
Tissue was analyzed in a BioRam® Raman microscope
using a 60x objective and measured with a 785nm laser
(Laserpower: 80 mW) for an accumulated time of 10x3
sec. To ensure statistical significance, Raman spectra
were taken from at least 50 cells per tissue area.

Data pre-processing
Before statistical analysis, spectra were pre-processed. This
included scaling of spectra (intensity, nm, pixel and
wavenumbers), background subtraction, baseline correction,
normalization, smoothing and cutting of spectral areas.

Data analysis
Spectra analysis and multivariate data analysis
was performed using Principal Component
Analysis (PCA).
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Potential for Separating Disease States

• Raman spectra from 3 patients were 
analyzed by Principal Component 
Analysis (PCA) and clearly separated on 
PC-1 and PC-2

• Relapse times were 3 months, 30 months 
and none in 60 months, respectively

• Patients were Gleason 6
at the time of Px

Results
Clusters of approximately 50 cells in tumor areas and several stroma areas were
measured. Spectrometric data were averaged for each cluster and, following un-
blinding, analyzed by bio-statistical methods. The overall accuracy of distinction of
tumor measurements between aggressive and non-aggressive disease was 84% (p=
0.031). In this study specificity was defined as to how well the test distinguished non-
aggressive disease from rapid relapse cases and yielded 91%. Analysis of the stroma
measurements yielded similar results whereby the overall accuracy and specificity as
defined above were dependent on distance from tumor with accuracy of 82% and
highest specificity of 94% at a distance up to 100 micron from tumor. At a distance up
to 500 micron specificity is in the 80% range. Initial comparison of the spectral data
between the very aggressive, aggressive and non-aggressive patients (see Material and
Methods) indicated that distinction of these cohorts with RS is possible as well.

• For cross validation, two thirds of the data are used to train a SVM model
• The other third is used to evaluate the predictive quality of the model
• This evaluation is then repeated twice with another third of the dataset each
• The end results is the mean of these three evaluations
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Support Vector Machine – Cross Validation

• Results for tumor, stroma adjacent to tumor and stroma >100μm but <500 μm have statistically significant p values
• The overall accuracy is above 80% for tumor and stroma >100μm but <500 μm
• The specificity is above 80% for tumor and stroma >100μm but <500 μm and approaching 80% for stroma adjacent
• The NPV is above 80% for all areas measured

Results – Suport Vector Machine Analysis

The results indicate that Raman micro-spectroscopy is indeed capable of distinguishing
aggressive from non-aggressive prostate cancer with high specificity by analyzing tumor and
surrounding adjacent stroma tissue. The ability to diagnose in stroma will be further
investigated as it holds promise for reducing false negative biopsy analysis, e.g. when the biopsy
misses the tumor. We now plan to carry out a confirmatory study with larger patient cohorts,
include analysis of biopsy tissue and map the extend of the measurable changes in stroma more
extensively.
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