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Abstract

In recent years, thanks to improved computational power and the availability of big data, Al has become
a fundamental tool in basic research and industry. Despite this very rapid development, deep neural
networks remain black boxes that are difficult to explain. While a multitude of explainability (xAI)
methods have been developed, their effectiveness and usefulness in realistic use cases is understudied.
This is a major limitation in the application of these algorithms in sensitive fields such as clinical diagnosis,
where the robustness, transparency and reliability of the algorithm are indispensable for its use. In
addition, the majority of works have focused on feature attribution (e.g., saliency maps) techniques,
neglecting other interesting families of xAI methods such as data influence methods. The aim of this
work is to implement, extend and test, for the first time, data influence functions in a challenging clinical
problem, namely, the segmentation of tumor brains in Magnetic Resonance Images (MRI). We present
a new methodology to calculate an influence score that is generalizable for all semantic segmentation
tasks where the different labels are mutually exclusive, which is the standard framework for these tasks.
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1. Introduction

The implementation of Artificial Intelligence (AI) algorithms in the medical domain is con-
tinuously increasing, driven by advances in the Al field both from the algorithm and the
computational power side, in particular in medical image analysis. Several tasks can nowadays
be performed by Al models on medical images, like classification, registration and segmentation.

Medical image segmentation is an essential task for diagnosis, treatment planning and
monitoring in the clinical management of many diseases. This task, which consists in the
outline of an organ or a lesion in a medical image, is often performed by a clinician (radiologist),
but nowadays Deep Neural Networks (DNN), in particular Convolutional Neural Networks
(CNN) [1] have proved their effectiveness. While high-performance AI algorithms can be
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developed, the adoption of Al solutions in the clinical practice is currently strongly limited by
lack of trustworthiness due to the little transparency of decisional processes and validation
mechanisms of such complex models.

In the medical image analysis domain, there is a wide literature about explainability (xAlI)
methods with most work related to classification tasks (see [2, 3] for recent and comprehensive
reviews). A relevant point that needs to be addressed is how to evaluate the quality of an expla-
nation. Figures of merit have been identified, like for example the ease of use, the plausibility
(correctness of the explanation and correspondence to what the user expects), the faithfulness
(how accurately the explanation reflects the model’s true decision process), robustness (effect
of changing some aspects of the DNN model) but a standard does not exist yet. One of the
challenges here is that the explanation must be helpful for end users, in this case radiologists
and clinicians, making this problem interdisciplinary. Some guidelines have been proposed, like
the INTRPTR guidelines [4].

In this paper we want to address the issue of xAl in the segmentation task performed by a
DNN on multimodal Magnetic Resonance Images (MRI) of brain tumors, one of the leading
causes of death worldwide [5].

Since segmentation is a localization problem, the application of visual xAI methods is not
obvious, because generated saliency maps, which show the importance of the pixels in the
segmentation, is not a useful information alone. An interesting xAl algorithm that has become
very popular over the past years is Tracln [6], that is never applied to segmentation tasks
in medical image imaging so far. Tracln belongs to the class of xAl techniques based on
approximating the influence a example used in the training process of the network has on the
predictions made by the model.

The aim of our work is to implement this technique in a specific clinical problem, the
segmentation of tumor brains in multimodal MRI, and to provide information regarding the
robustness of the algorithm with respect to different training strategies. To this purpose, the
original Tracin algorithm is modified since it was originally developed for classification tasks.
We consider as reference datasets Brats19 !, and a standard 2D UNet [7].

2. Material and Methods

2.1. Image dataset

The brain tumor segmentation challenge, BraTS ?, is aimed at evaluating state-of-the-art methods
for the segmentation of brain tumors in multimodal MRI. The training dataset for BraTS2019
is composed of 259 cases of high-grade gliomas (HGG) and 76 cases of low-grade gliomas
(LGG), manually annotated by both clinicians and board-certified radiologists. For each patient
four MRI scans taken with different modalities are provided: T1, T1Gd, T2, T2-FLAIR. with an
image’s shape of voxels 240 x 240 x 155. We focused only on HGG patients, dividing the dataset
into 207 train patients and 52 validation patients. In the manual label of BraTS19 four classes
are provided: the GD-enhancing tumor (ET - label 4), the peritumoral edema (ED - label 2),

'https://www.med.upenn.edu/cbica/brats2019/data.html
*http://braintumorsegmentation.org/



the necrotic and non-enhancing tumor core (NCR/NET - label 1) and the background (BKG -
label 0). In the following, we will refer to the GD-enhancing tumor (ET) as label 3 instead of
label 4. Each pixel is exclusively assigned to one of these classes.

2.2. Segmentation algorithm

To solve the segmentation task, we chose a popular and well-established neural network, the
UNet for 2D segmentation [7], it is easy to implement and has extensive literature.

For the 2D UNet we considered separately the 155 slices along the longitudinal axis. We then
took only the central volume of the brain, reducing the number of slices to 10, because influence
xAl methods are quite computationally expensive, and we want to reduce the computational
time. We also cropped the image on the x-y axes from 240 to 192 pixels. We applied the following
data augmentation transformations: elastic transformation, random crop and mirroring with
probability of 50%, and then we normalized the intensity between [—1, 1].

As activation function, we used the softmax function. Furthermore, we choose the mean of the
Dice Coeflicients (D) as loss function along each class. The D is defined for each class as

_ 2(P nGT)

PuGT W

This metric measures the overlap between the prediction mask (P) and ground truth (GT) and it is
necessary when the region of interest is smaller than the background area. The implementation
from the computational point of view is done using the Soft Dice defined as

2. P+GT

TPy GT e @

where the sum is made over all the pixels of the mask, the product is made pixel by pixel, and e is
a small arbitrary parameter in order to avoid NaN values. The Dice score for each separate label
is also used as a metric in order to evaluate the trained network performances. The complete
loss function than became

Z=1-2 Y b, 3)

i€[1,3]

Where i is the class index, and we excluded the background from the loss function calculation.
We used Adam optimizer with learning rate of le-4 and weight decay of le-5 for the first 5
epochs, we switch on stochastic gradient descent (SGD) for the remain epochs. In total we
trained the model for 30 epochs, with the train batch size equal to 10. Results of the training
process are provided in Table 1.

NCR/NET | ED ET
Train 0.90 093 | 093
Val 0.77 0.87 | 0.87

Table 1
Results of training process on the BraTs19 dataset. We report the dice score for the different tumor
classes.



2.3. Explainability algorithms
2.3.1. Tracln

The idea of influence based xAl methods is to estimate the effect of removing an example train
Z from the dataset on the loss function . Pruthi et al. [6], implemented an influence function
that monitors loss changes during training, and involves only first order derivative of <. The
final equation they obtained, assuming stochastic gradient descent, i.e 6,1 = 6, — n,VZL(6; , z),
where 6; are the parameters of the network at the epoch ¢, is

Tracin(z,z’) = % Z nNNZ6,,z2") - VL6, ,z) 4)
te®

where € are checkpoints, zand z” a train and a test example respectively, b the batch size and 7,
the learning rate. We call opponent an example that has a negative value of influence score, and
proponent an example that has a positive value of influence score. We chose the checkpoints
after the transition to SGD, we considered the first 10 epochs for the calculation of TracIn.

2.3.2. Extended methodology for segmentation

Originally, TracIn was proposed for classification tasks now we generalize it for segmentation
task.
We first consider & defined in (3). When we evaluate the scalar product between the gradient
of &£ as (4), we obtain

Tracin(z,z’) = Z VDjy(z) - VDi(2"), (5)

(i.)e[1.3]

where D; is the dice coefficient corresponding to the class i.
Since we do not want to mix influence contributions for pixels belonging to different classes,
we decided to compute the Tracln for individual labels.

Tracin(z, z’);; = VD,(2) - VD{(2"), (6)

in this way we get 3x3 matrices of Tracln, for i = j we compute influence score between
same classes for the treat examples, and for i # j the influence between different classes. A
precondition that we must meet is that the segmentation’s classes are mutually exclusive.
However, this is not a strong constraint because it is the standard framework for this type of
task.

Also, we consider for each class only regions with NN output over a certain threshold (0.8).
This is to further reduce the contribution of averaging heterogeneous pixels together.

2.4. Consistency tests

After defining a methodology for calculating TracIn for segmentation task, some consistency
tests are carried out to verify the goodness of the algorithm.



2.4.1. Self-influence

One of the main check to show in the case of TracIn is the self-influence matrix of the train
dataset against itself. Self-influence is a matrix where TracIn scores of train examples against
themselves are reported. We defined the normalized self-influence as

Tracin(x, y);j

SICx, y)j = (7)

JTracin(x, x);; x Tracin(y, y) jj.

Where SI(x, y);; and Tracin(x, y);; are respectively the self-influence and the TracIn score be-
tween pair of train examples x and y for Dice i and j.

We expect that each train example is the main proponent of itself thus higher value of SI on the
diagonal of the self-influence matrix.

2.4.2. Robustness test

Robustness tests are proposed to check the stability of xAI's method with respect to small
variations in both statistics and training strategy [8].

We have several metrics that we can adopt to study the robustness of the algorithm. In
general, let us call ¢;,(x) the i-th explanation for the example x, then we can test the Robustness
(R) of the explanation as

R= = 3 s[a(x),¢/(0)] ®

i#]
where Nis a normalization, and s can be any similarity metrics, in our case we chose the cosine

similarity s(a, b) = . In our case ¢(x) = Tracin(x, z) where z is the train dataset.

a'b
llall- 1Bl
Statistical robustness
We repeat the training of the network 3 times, leaving parameters and hyperparameters
unchanged. We produce 3 explanation vector ¢;(x) for the same dataset, and using (8) we
evaluate the statistical robustness of TracIn.

Small dataset variation robustness

We use the method of k-fold cross-validation. We divide the dataset into 3 groups, as shown
in the Figure 1. Then we produced the explanation vector ¢;(x), for the 3 different training.
Applying (8), only on the intersection between pair of explanation ¢;(x), e(x), we evaluate the
robustness of TracIn respect of small variation on the dataset.

Transformations robustness Take the neural network that is invariant with respect to the
symmetry group & and an explanation e(x). We can measure the invariance of e(x) under &
using (8). Assume that the element on the dataset x, transforms under the application of & as
x” = p(g)x where p(g) is a representation of the element g € &. If e(p(g)x) = e(x), than e is
invariant.

We tested Tracln invariance using 2 symmetries that are commonly used in training neural
networks in biomedical tasks: elastic deformation and mirroring.

After training the neural network, we produce an explanation for each transformation by taking
the train dataset and applying those transformations on it. Then we evaluate the robustness

using (8).
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Figure 1: K-fold cross-validation for test the robustness of TracIn respect a small variation of 10% on
the dataset.

3. Results

Self-influence

The normalized self-influence defined in (7), collects a lot of important information, first we
expect the matrix to have a bright diagonal, as each example must be a strong proponent for
the prediction of itself.

Self-influence of train dataset

Mean of Dice Separated Dice
!

Train examples
°
Train examples

5002000 500 1000 15002000 500 1000 1500 2000
Train examples Train examples

Figure 2: Normalized self-influence of train dataset. The left one is the influence matrix using the
complete loss function, and sorted so as to have slices of the same patient close together. The right one
is the influence between all the Dice pair D; - D;, Where the first block is D, - D; with examples ordered
like above, the second block is D, - D,, and so on.

The two Figures in 2 are obtained by ordering the train examples in such a way that each
slice of the same patient is close to the others. The figure on the left is obtained using the
original TracIn calculation (Eq. 5), where the full loss function is considered, i.e., the sum over
all classes. What we expect to see is a 10 x 10 block matrix (10 are the slices we consider of
the single patient). The influence matrix we observe present a bright diagonal, but there are
contributions of the same order of magnitude among all other patients. This means that on
average, any patient contributes equally on the prediction of the others.

The figure on the right is instead obtained by implementing our methodology (Eq. 6). In
this case the first block of 2070 x 2070 influences corresponds to pixels belonging to label
1 of patients sorted as described above, the second block will be the mixed influences



between labels 1 and 2 of the same list of patients, and so on. The clustering that emerges
is not sensitive to local differences between patients, but only to global differences between
classes. In fact, as we can see, in the blocks along the diagonal corresponding to the
TracIn evaluated among the same tumor classes, we have stereotyped matrices, which
exhibit homogeneous influence by modulus and sign regardless of the example chosen.
Going outside the diagonal, the modulus of influence decreases, indicating that different
regions have lower influence among them. However we have noise between label 1 and 3,
this means that the predictions on these regions are not completely de-correlated with each other.

Robustness test We first checked the statistical correlation between the influence vectors
produced by repeating the training and keeping the same parameters and hyperparameters.
The average correlation for the individual Dices is then used as normalization for K-fold cross-
validation.

Significant statistical variation is observed for label 3 in each test in Figure 3. A small variation
of 10% on the dataset has comparable effects on the robustness of the explanation. However,
what we notice is that TracIn is not robust to repeated trains (Table 3).

12
Test

[ statistical Robustness
1.0 K-Fold

0.6

Cosine similarity

0.4

0.2

0.0
Dice 1 Dice 2 Dice 3

Dice

Figure 3: Statistical and K-fold Tests. Each box-plot is produced by evaluating the robustness metrics
along the test examples.

Statistical Robustness K-Fold Normalized K-fold
Cosine similarity for Dice 1 0.74 +0.08 0.61 +0.22 0.82
Cosine similarity for Dice 2 0.77 +0.06 0.75 +0.10 0.97
Cosine similarity for Dice 3 0.49 £0.23 0.43 £0.28 0.88
Table 2

Table of results for the Statistical and K-fold test For robustness TracIn. Mean and standard deviation
are reported.

This might seem surprising, but it is related to what was seen above in the case of the self-
influence matrix. Under the assumption that Tracln is a faith ful explanation of the network
decision model, the fact that the explanation vector is not robust for repeated trains has a direct



interpretation. At each training the network is initialized in a random parameter space, the
train of the network occurs stochastically (the batches and optimization change each time), and,
at the end of each training cycle, we end up in a different, and hopefully, equivalent minimum in
the landscape of the loss function. As we saw for the case of the self-inference matrix, examples
belonging to the same class have stereotypical influence. This means that each prediction in the
network is homogeneously influenced by any other example we have used, since they have a
comparable amount of information that can be extracted. The non robustness of the explanation
means that we are looking at contour lines in the loss function landscape that are essentially
flat, where each trajectory in this framework is analogous to all others. Thus, the explanation
vector changes with each iteration, having no more important examples of trains than others
for reaching the optimal minimum during the minimization process. What remains truly robust
is the influence the different classes have on each other as it can be seen in Figure 4.
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Figure 4: Three different versions of the self-influence matrix. From left to right, we repeated the
training two times; the last matrix on the right is obtained by considering only the last 10 checkpoints of
the same training of the middle one. In all three cases we can see that the overall structure of influence
between classes remains robust.

Regarding the invariance of the TracIn, we observe that when the neural network is invariant
with respect to a & group, the Tracln also resepect such invariance (Figure 5 and Table 3). The
results are in agreement with what was previously observed in [8].

Cosine similarity
Original vs Elastic deformation 0.93 £0.18
Original vs Mirroring 0.95 +0.12

Table 3
Table of results for the Invariance of TracIn under popular transformations. Mean and standard deviation
are reported.
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Figure 5: Invariance Test. Each box-plot is produced by evaluating the robustness metrics along the
test examples.

4. Conclusion

In this paper we proposed an extended methodology to implement TracIn in a specific problem,
brain tumor multiclass MRI segmentation. However, this is generalizable to all segmentation
problems where classes are mutually exclusive. We found that an explanation cannot be given
between examples (slices) of the same class, but only by separating the analysis by distinct
classes and reducing the number of pixels on each examples. This is similar to the information
you can gather with a saliency map, where the most influential pixels for predicting a class are
those belonging to the same one.

We then analyzed the robustness of the algorithm in several frameworks. First by re-training
the network leaving the parameters and hyperparameters unchanged, then by changing the 10%
of the dataset. In this case we concluded that Tracln is not robust for different trains. Under
the assumption that Tracln is a faith ful explanation of the network decision model, what we
are observing is a flat loss landscape, where several trajectories turn out to be equivalent for
reaching the minimum. What really remains informative then are the differences between
different classes, but because of the nature of segmentation, differences on the same classes
not only become irrelevant but in general, even for different tasks, are not robust. Leaving the
network unchanged, and instead studying the robustness toward certain transformations, we
verified the invariance of TracIn respect these.

Like other post-hoc visual explainability techniques, Tracln also suffers from a difficulty in
interpreting its results.

Future work should focus not only on giving an explanation on the basis of influences but also
on giving information regarding the faithfulness of the algorithm.
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