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The development of Artificial Intelligence (Al) is rapidly transforming
many aspects of our lives. In the present paper, as part of the emerging theories
for Al application in healthcare and medical sciences, we suggest that Al can be
applied to the study of medical metaphors. In particular, we examine the
possibility of biomedical text tokenization using BioBERT of the DISEASE is
ENEMY metaphor. The present research is an initial stage of a much larger
research in the context of the Conceptual Metaphor Theory and Discourse
Analysis as applied to war metaphors in medical discourse.
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The advent of Al

The development of Artificial Intelligence (Al) is transforming our
lives at an unprecedented speed. Its cope is also impressive: it is hard to find
an area of our lives that has not already felt the effects of Al-involvement.

Being a central sphere of human existence, healthcare cannot be left
behind in this Al-enacted transformation. There is a wide array of Al-
applications in healthcare: from enhancing diagnostic imaging to elaborating
new therapies. The diversity is impressive: Al is already changing clinical
trials, maternal care, healthcare robotics, genetics data-driven medicines,
equipment such as the stethoscope (Shaheen 2021). While Al-stirred advances
in the health sciences are typically associated with disease diagnosis (especially
with diagnostic imaging), drug discovery, electronic health records, or
telemedicine, a key benefit of Al seems to be often overlooked: it is, namely,
the application of Al to the study of medical discourse.

Metaphors in medical discourse

In the emerging field of Al applications in healthcare, we find the Al-
driven analysis of medical discourse particularly intriguing. Studying
medical discourse has been gaining in popularity due to the social significance
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of healthcare and the discovery that discourse can actually affect health
outcomes. In particular, the way we refer to diseases can influence our ability
to deal with them. Our research does not need to rely on non-traditional books
such as Jill Edwards’ Conscious Medicine (Edwards 2010) and Francoise
Bourzat’s Consciousness Medicine (Bourzat 2019): it is enough to pinpoint
to the many scientific articles dedicated to the placebo and, especially, the
nocebo effects: ,,The Nocebo Effect and Its Relevance for Clinical Practice*
(Colloca and Miller 2011), ,,When Words Are Painful: Unveiling the
Mechanism of the Nocebo Effect (Benedetti et al 2007), ,,A Systematic
Review of Factors that Contribute to Nocebo Effects* (Webster et al 2016) to
name just a few. In other words, what non-traditional, holistic, and alternative
medicine has long been based on has recently found its way into Western
medical thought, and scientifically sound evidence has been collected in
service of the relationship between the way we think and talk about a medical
condition and the healthcare outcome for the patient.

A singular domain of such a relationship can be found in metaphors.
One of today’s most influential critics of the use of medical metaphors, Susan
Sontag, claims that it is not currently ,,morally permissible [...] to use cancer
as metaphor* (Sontag 1978: 29). Another influential linguist, Elena Semino,
endorses the understanding that ,,the use of cancer as a metaphor is generally
best avoided* (Potts and Semino 2019: 94) and reaches the conclusion that
only bad metaphors must be foregone, i.e. that only appropriate metaphors
that are the product of ,,a well-informed and context-sensitive approach to
metaphor selection* (Semino 2021: 2) must be employed. It can be proposed
that, currently, there exists a general agreement among researchers that since
,,metaphors are crucial tools for communication and thinking®, they can be
especially useful in the field of Medicine and Medicine-related sciences such
as Public Health (Semino 2021: 1).

Of all medical metaphors, perhaps the most salient for research are the
ones united under the umbrella term war metaphors. In his classical work,
Medicine’s Metaphors: Messages and Menaces (Vaisrub 1977), medical
metaphors are classified by various thematic fields such as mythology and
war, the latter field incorporating those medical metaphors that reflect the
understanding of the disease/condition as the enemy, while the patient is
viewed as the warrior. The metaphoric expression He was a true
superhero/warrior/champion in his fight with cancer corresponds to the
same conceptual metaphor.

The way we view war metaphors is harmonious with the Conceptual
Metaphor Theory (CMT). The works of George Lakoff and Marc Johnson
which form the basis of the CMT while extending the realm of metaphor,
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simultaneously narrow it. On one hand, metaphor is all-present: without it,
we cannot talk; without it, we cannot embody our thoughts in language.
Aristotle first examined metaphor in his Poetics: Lakoff and Johnson
drastically enlarged its realm in Metaphors We Live By. From being a tool
to endow something with ,,a name that belongs to something else* (Aristotle
1995, Poetics XX 1457b 7 — 9), metaphor has become that which we cannot
live without: ,,the way we think, what we experience, and what we do every
day is very much a matter of metaphor* (Lakoff and Johnson 1980: 3).

Since we are particularly interested in the way metaphors function in
medical discourse, we also rely on Discourse Theory and Discourse
Analysis. Here we can’t but include Laclau and Mouffe’s Discourse Theory
(DT), and, in particular, the understanding promoted by DT that is most
significant for our research purposes:

since all social phenomena are mediated through discourse, their meanings
can never be permanently fixed [...] the aim of discourse analysis, then, is
not to discover the ‘truth’ about reality (for example, to find out which groups
exist within society) but to describe how discursive struggle constructs this
reality (for example, how people and groups perceive their identity within
society) so that it appears natural and neutral (Rear 2013: 5).

Last, but not least, our theoretical framework is also dependent upon
emerging theories for Al application in health and health sciences. So far no
singular theory has gained popularity: currently, most researchers elaborate
mostly descriptive products that raise important issues such as Singhal’s
,,Fairness, Engagement, and Discourse Analysis in Al-Driven Social Media
and Healthcare* (Singhal 2023). In fact, it is our intent that the present
research makes a contribution, namely, to this young field.

Al for text tokenization of metaphors

The question before us lies in the way Al-driven discourse analysis
can partake in metaphor research in order to help with the problem of the
metaphor usage in medical discourse. As part of a much more extensive
research project, the present article examines the possibility of
performing the first step of this project, namely, text tokenization, by
relying on Al. We demonstrate how Al as represented by BioBERT can be
employed in practice.

Our research goal is to demonstrate one such possible application of
Al: namely, tokenization of biomedical texts, with a current focus on the
war metaphor DISEASE is ENEMY.,

Our motivation in centering on DISEASE is ENEMY metaphor is
twofold: on one hand, we felt the need to set limitations to the scope of our
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research, hence we picked only one cognitive metaphor; on the other hand,
we wanted to tackle a metaphor that is representative of medical discourse
metaphors and DISEASE is ENEMY is if not the most common one, then
certainly one of the most common ones, its first place being challenged
perhaps only by the HEALTH is UP metaphor.

Of course, DISEASE is ENEMY is a subset of the TREATMENT
(DISEASE) IS WAR umbrella metaphor. In medical discourse, it is long
been admitted that ,,metaphorical entailments can characterize a coherent
system of metaphorical concepts of metaphorical expressions for those
concepts® (Lakoff and Johnson 1980: 9). Thus, we are faced with the
umbrella metaphor TREATMENT (DISEASE) IS WAR which represents a
system of metaphorical concepts that includes DISEASE IS THE ENEMY,
PHYSICIAN IS A WARRIOR CAPTAIN, PATIENT IS A
BATTLEGROUND (Napolitano 2019: 2). Sometimes, instead of referring
metonymically to this system (by using a member of the system,
TREATMENT IS WAR, to refer to the whole system of metaphoric
concepts), researchers use other umbrella terms such as Military Metaphors
(Khullar 2014: 2), Militaristic or War Metaphors (Seixas 2021: 1).
Metaphorical expressions of conceptual metaphors of the system include:

The doctors at the CDC led the way to victory against the flu epidemic; The
cancer patient fought a long, hard, battle, but she eventually succumbed to
her disease; A Triumph in the War Against Cancer; With nothing left in
their leukemia-fighting arsenal, the doctors were down to Dilaudid
(MetaNet 2013, DISEASE TREATMENT IS WAR).

To locate metaphorical expressions of the conceptual metaphor
DISEASE is ENEMY, we investigated the current possibilities for Al text
tokenization and identified BioBERT as the current most suitable
candidate for carrying out the task of biomedical text tokenization.

BioBERT for biomedical text tokenization

BioBERT, Biomedical Bidirectional Encoder Representations from
Transformers, is particularly suited for text mining of texts in the field of the
health sciences. Text mining can be defined as ,,a truly interdisciplinary
method drawing on information retrieval, machine learning, statistics,
computational linguistics and especially data mining* (Hotho et al 2005: 19).
Such mining of biomedical texts is particularly useful when examining
medial text corpora, performing sentiment analysis of patient utterances, etc.

BioBERT can be viewed as the medical scion of the BERT family.

BERT is an acronym of Bidirectional Encoder Representations from
Transformers, which ,,unlike recent language representation models [...] is
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designed to pre-train deep bidirectional representations from unlabeled text
by jointly conditioning on both left and right context in all layers* (Devlin
et al 2019: 1). A breakthrough in Natural Language Processing, BERT is
soon followed by RoBERTa, A Robustly Optimized BERT Pretraining
Approach, whose ,.improved training recipe“ is to rectify the severe
undertraining of BERT (Liu et al 2019: 1).

Shortly after, there appears BioBERT, which is aimed specifically at
addressing biomedical issues. BioBERT is a specialized version of BERT,
which allows that ,,the pre-trained language model BERT [...] be adapted
for biomedical corpora‘“ (Lee et al 2019: 1).

Image 1. A comparison between BERT and BioBERT in terms
of pre-training of bidirectional transformers

Pre-training of Bidirectional Transformers
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Source: https://images.app.goo.gl/adyRmHFRQQUZVgNz7

BioBERT has been employed in pursuit of pharmaceutical interests.
For instance, when BIoBERT, ,an output-modified bidirectional
transformer is combined with ,.a bidirectional gated recurrent unit layer
(BiGRU) to obtain the vector representation of sentences®, it can offer
precise data on drug-drug interaction entries in biomedical literature (Zhu et
al 2020: 1,7).

In addition, BioBERT can be of use in medical diagnosis. BioBERT
Is proven to ,,improve performance of named entity recognition (NER)* for
Electronic Medical Records (EMR), related to ,,automatic annotation of
clinical problems, treatments and tests in EMR*, which in turn can influence
the medical diagnosis (Yu et al 2019: 1).

BioBERT can be successfully employed in the study of War
metaphors due to its particular advantage of the efficient medical corpus
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tokenization, which is key for a precise analysis of the DISEASE IS
ENEMY metaphor.

BioBERT in practice

In order to use BioBERT, one must rely on the programming language
Python. An example of how to code in Python for the installation of
BioBERT is provided below:

Image 2. Python Script for Installing and Using BioBERT

> Welcome To Colab - Colss - o0 x
« G ttpsy//calab.research google.com 3 m = %2 % -~ O
o
Welcome To Colab
2 O e Share £t B
File Edit View Insert Runtime Tools Help Cannotsave changes -
o— + Code + Text Copy to Drive Connect ~ ;
TV o8 R @ ¢
Q © # Install the required libraries -
!pip install torch transformers
X
{ } # Import necessary modules
from transformers import AutoTokenizer, AutoModel
Oz

# Load the BioBERT tokenizer and model
(] tokenizer = AutoTokenizer.from_pretrained("dmis-lab/biobert-base-cased-v1.1")
model = AutoModel.from_pretrained("dmis-lab/biobert-base-cased-v1.1")

# Example usage: Tokenize input text and get model output

<> text = "The patient was diagnosed with diabetes.”
inputs = tokenizer(text, return_tensors="pt")
@ outputs = model(**inputs)
# Print the output hidden states (you can further process this output for your specific task)
>

print(outputs.last_hidden_state)

Source: https://colab.research.google.com/

We used the conversational Al model ChatGPT to create the Python
code, which we then run in Colab, Google Colaboratory, to ensure the
needed Jupyter notebook environment.

Then libraries such as PyTorch, TensorFlow, NumPY must be
installed. The image below gives an example of the installation of such a
library:
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Image 3. Installing PyTorch

Join us in Silicon Valley September 18-19 at the 2024 PyTorch Conference. Learn more

GET STARTED

Select preferences and run the command to
install PyTorch locally, or get started quickly with
one of the supported cloud platforms.

START LOCALLY

the prerequisites below (e.g., numpy)

NOTE

Source: https://pytorch.org/get-started/locally/

Additionally, Hugging Face Transformers Library (or, simply,
Transformers) must also be installed.

Image 4. Installing Transformers
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Source: https://huggingface.co/docs/transformers/en/installation
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The architecture for the pretrained BioBERT model includes
AutoTokenizer and AutoModel, which can be obtained from the Autoclasses
of Transformers. BioBERT can now be used to tokenize the input
medical text.

We can presently offer a sample tokenization of a war metaphor. We
can tokenize a sentence such as The patient lost the battle with cancer in the
following manner: ['[CLS], 'the', ‘patient’, 'lost’, 'the', 'battle’, 'with', ‘cancer’,
'[SEP]], the token [CLS] marking the beginning of the sentence, while the
token [SEP] denoting its end point (Prakash 2021: 1).

Once the corpus is tokenized, BioBERT allows us to execute our War
metaphor search thanks to the contextual embeddings of the processed tokens.

Conclusion

BioBERT is a great new tool for tokenization of medical corpora and
so it offers significant advantages to the initial stage of the examination of
metaphors such as War metaphors. In this way, BioBERT can be of great
aid to the study of medical discourse, and further research which explores
the advantages that Al can offer medical discourse analysis seems called for.
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