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a USAMVB-FMV PhD thesis by Liviu Gaita, DVM.

Chromatin is a three-dimensional structure with a major role in neoplastic activity which still presents many
unknowns for scientists. It is very momentous that Dr. Gaita has chosen as a domain of his PhD inquiry the fractal
dimension of chromatin to gain insight into neoplastic processes. While the study of fractals was popular in the
1980s when it was popularized by Mandelbrot, it has found a certain resurgence in modern times due to a revolution
in biomedical data acquisition. As more and more data become available, the scientists realize that linear system
models of the human body are obsolete and new ones are able to handle dynamic non-linearity and that multilevel
organization, such as fractals, are needed.

Dr. Gaita has methodically organized his research of fractals in neoplastic processes into six studies. In the first
two preliminary studies, he tested his methodology; in the later four, he applied his earlier results to several sets of
pathologic datasets aiming at discovering a fractal model able to predict cancer in animals (i.e., cats and dogs).

In the first two chapters, Dr. Gaita performed an extensive literature review of topics such as biological non-linear
systems, fractals and modeling of neoplastic processes using fractals. In his comprehensive literature review, he
cited over 210 papers.

In the first study (chapter 3), the main image processing pipeline is developed. The images are processed with
Corel, then the fractal dimension is computed with FracLab and statistical analysis is performed with StatsDirect.
Tests performed on 88 histopathology images allowed for tuning of the processing pipeline. As some questions
could arise related to the values of thresholds and parameters used in his processing pipeline, we agree with the
author in that “in pathology it is hard to define correct fractal dimension” and the best fractal dimension model is the
one which produces “the best correlation between the fractal dimension and the correct diagnostic”. Using the
developed model, an increase in the fractal dimension of the chromatin region (FDCR) was observed from the
normal hepatic tissue to the ones treated with cytotoxic agents. The observed increase in FDCR of the toxic cell is
consistent with a possible acceleration of the transcription activity in the treated cells. The computed fractal markers,
FDCR and fractal dimension of the integral image (FDII), were found to be consistent but to have superior
performances in quantifying histological changes in liver tumors. In a cautionary note, it was found that each fractal
marker was better than the other at quantifying different morphologies on the same organ, so care has to be
exercised in choosing the right fractal model.

In the second study (chapter 4), the best fractal dimension method together with the best algorithmic setting have
been explored. It was found that the box counting method was the one which provided the best correlation to the
histopathological diagnostics. In this study the entire image evaluation pipeline is developed which I believe it is
among the important outcomes of this work.

The third study (chapter 5) included one of the most interesting outcomes of this research, in that the FDCR is
significantly higher (p<0.0001) in images with a content of 20% or more of epithelial tumors, suggesting that the
FDCR could be used as a marker for cancer. The increases in FDCR were higher if the samples were grouped by age
and sex. Also, better ROC curve was obtained for mammary gland carcinoma (MGC), indicating that FDCR had
greater discriminatory power for this type of tumors.

The fourth study (Chapter 6) expands on the findings of the previous one that FDCR seems to be very effective
for MGC, by increasing the sample size from 540 to 1237 from 62 patients. While this study further confirms the
discriminatory power of FDCR for mammary gland tumors, it also proves, based on strong statistical evidence, that
the FDCR can be used as a prognostic factor in cats and dogs with mammary gland tumors. In my opinion, this is
another important finding of Dr. Gaita’s work. In this chapter, Dr. Gaita introduces a novel index for detecting a
cancerous lesion, denoted as Fractal Index of Tumor Presence (FITP). The newly introduced index produces a
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[0,100]% confidence value that an image contains malignant nuclei which is more intuitive for the user (0%-low
probability and 100%-high probability) than the FDRC.

In the last two studies, Dr. Gaita explores an artificial neural network (ANN) approach to veterinary patient
survival using his newly defined fractal marker, FDCR. Dr. Gaita designs a novel ANN system for survival
prediction in veterinary oncology, OncoVetNeuralNet. Using OncoVetNeuralNet, it was found that FDCR was
among the best predictors of survivability together with animal age and tumor size. OncoVetNeuralNet has the
potential to be used in the day-by-day veterinary clinic practice as a second opinion evaluation.

To conclude my review, I have to mention that I was personally very impressed by the breadth and the depth of
both informatics and pathology knowledge that Dr Gaita explored in this work, which is somewhat rare in the super-
specialized researchers of our times. As the President Obama has recently re-emphasized the fight against cancer, I
believe that interdisciplinary teams of informaticians, physicians (MD and DVM) and scientists will be the only
viable way of solving this problem. In such teams, researchers like Dr. Gaita will be invaluable assets.
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