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Abstract:

In this model study we developed a Raman based method to distinguish be-
tween breast cancer and normal epithelial cells, which is in principle suitable
for online diagnosis. Two cell lines where choosen as model systems for can-
cer and normal tissue. Both cell lines consists of epithelial cells, but the cells
of the MCF 7 series are carcinogenic, where the MCF10A cells are normally
growing. An algorithm for distinguishing cells of the MCF7 and MCF10A
cell line via its Raman spectra, which has accuracy rates above 99%, is pre-
sented. For this propose two classification steps are utilized. The first one,
the so called top level ANN searches for Raman spectra which are measured
in the nuclei region. In the second step a wide range of discriminant models
are possible, for example ANNs, LDAs or SVMs. These methods are com-
pared. It was found that for the Top Level Classifier as for the Sub Level
Classifier a ANN was superior.
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Summary:

Introduction: Breast cancer is a fatal disease, which is the major cancer affection
in women in Germany and Europe. 27,8% of all cancer diagnoses in women are breast
cancer. 57000 women are diagnosed annually and 17500 are dying because of the disease.
To achieve good treatment an early diagnosis is needed. The gold standard for diagnosis
is the inspection by a pathologist. Therefore, a thin cryotome section is taken, stained
and the morphology of the tissue is investigated. This method is highly dependent on
the experience of the pathologist. An analysis routine which can support the diagnosis
is needed.

Breast cancer emerges from mutations of the DNA of epithelial cells which forms the
boundary of the lactiferous ducts and glands. This results in a different metabolism of
the cells and the cells are abnormal proliferating. In order to do so, they are producing
material for cell division, which yields to a different chemical composition of the cells. In
principle this change is detectable with Raman spectroscopy. Every substance exhibits
its own fingerprint spectrum and the spectrum of a cell is the weighted sum of all
component spectra. The differences are small but are detectable, if statistical analysis
is used.

In this case study two cell lines are utilized as model system for malignant and benign
epithelial cells. MCF7 cells are carcinogenic and MCF10A belong to a healthy cell line.

Data analysis by ANN, SVM, LDA: All computations were done in R [6], a statistical
language similar to Matlab. The packages used are called Nnet and e1071 [7, 2]. The
supervised methods used for the classification problem are the commonly used methods
in chemometric analysis and they are described elsewhere in more detail [1, Bl &, [3].
Briefly a LDA searches for a linear combination of the wavenumbers to describe the
classes. A new spectra is projected on the LD scaling vector and the sign of the result
is equivalent to the class assignment

class (T') = sgn (? . f) . (1)

A SVM belongs to the large margin classifiers and constructs a separating plane in the
wavenumber space. In order to deal with non linear separable data the kernel trick is
used. The decision function is then expressed with the support vectors 7 ), a weight
vector @ and the offset b as

N
class (T') = sgn (Z yiou K (?(i)7 E}) + b) . (2)
i=1

A 3-layer Artificial Neuronal Network (ANN) is trained by a backpropagating algorithm,
which determines the weights of the neuron connections so, that the calculated output
and the known outputE] are minimal. Once the weight matrix is determined new samples

'belonging to the classes



are classified through

class (T') = sgn (f
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Where f, f' and 6,60 are the activating function and the bias of the hidden layer and
the output layer, respectively. w, w’, w” are the weight matrices for the input-hidden
connection, the hidden-output connection and the shortcut connection.

Data analysis strategy: Because of the complexity of the classification problem, the
problem was divided in two easier classification tasks (Figure 1). The idea behind this
hierarchical system is divide and conquer and is described in [4]. As Top Level Classifier
a Artificial Neuronal Net was choosen. This ANN classifies the spectra in ’Nuclei’ and
'Rest”. The 'Nuclei’” are then presented to the Sub Level Classifier, which decides the
belonging to MCF10A and MCFE7 cell line.
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Figure 1: Principle of Classification

Sub level classification:  To investigate the prediction ability to separate healthy
from malign cells two methods are utilized. First a 25. CV was done the calculate the
classification properties of the model. For this propose six supervised methods, namely
LDA, linear SVM, radial base SVM, polynomial SVM, and two ANNs, were tested. The
results are shown in figure 2. All the methods except the nonlinear SVMs perform quiet
well. The accuracies range from 99, 45% (60:15:1 ANN), 99,59% (60:10:1 ANN), 99, 42%
(LDA), 99,07% (linSVM), 98,29% (polSVM) to 97,75% (rbSVM). The sensitivity of all
methods were better then 98, 5%, but the selectivity was only for four algorithms better



then 95%.

ROC - 25th Crossvalidation
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Figure 2: Classifier Performance Figure 3: Mean of Classification

Three of these supervised methods were then tested for their identification rates with
a holdout method. 34284 spectra were not used to build the model and the prediction
of these spectra were compared with their true classes. Then the TP-rate, the FP-rate
and the accuracies are calculated and were arranged in table [I This time the 60:15:1
ANN was superior. The accuracy is 99, 11%, the sensitivity 99, 71% and the selectivity
96, 62%. The mean of both predicted groups is plotted in figure 3.

Table 1: Sub Level Classification

Method Accuracy | TP Rate | FP Rate

60:15:1 ANN | 99,11% | 99,71% | 3,38%
linear SVM | 96,51% | 99,65% | 16,55%
LDA 97,96% | 99,79% | 9,66%
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