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ABSTRACT—

Clinical trial documentation is a critical aspect of the drug development process, as it is essential for regulatory approval and successful commercialization
of a drug. However, the process of creating these documents can be time-consuming and resource-intensive, leading to delays in drug development timelines.
To address this issue, there has been growing interest in human-aided medical writing automation systems.

This paper aims to provide an overview of the current state of human-aided medical writing automation systems, their benefits, and their potential to accelerate
the clinical trial documentation process. We conducted a comprehensive review of the literature and identified several key themes, including the advantages
of using natural language processing (NLP) and machine learning (ML) algorithms to automate certain aspects of medical writing, such as creating study
protocols and clinical study reports.

I. INTRODUCTION

Clinical trial documentation is a crucial component of the drug development process, and it involves creating various documents, such as study
protocols, informed consent forms, and clinical study reports, among others. These documents provide detailed information about the clinical trial
and are critical for obtaining regulatory approval and bringing a drug to market. However, the process of creating clinical trial documents can be
time-consuming and resource-intensive, which can cause significant delays in drug development timelines.

To address this issue, there has been growing interest in human-aided medical writing automation systems. These systems use natural language
processing (NLP) and machine learning (ML) algorithms to automate certain aspects of medical writing, such as drafting study protocols and
clinical study reports. The goal of these systems is to reduce the burden on medical writers, improve the accuracy and consistency of clinical trial
documentation, and accelerate the drug development process.

In this paper, we provide an overview of human-aided medical writing automation systems and their potential to accelerate the clinical trial
documentation process. We conducted a thorough review of the existing literature to identify the benefits of using these systems and their potential
impact on drug development timelines. We also explored the limitations of these systems and the need for further research to optimize their use in
the drug development process.

I1. HISTORICAL BACKGROUND

Clinical trial documentation has been a critical aspect of drug development for several decades. The first clinical trial documentation guidelines
were established in the united states in 1962, following the thalidomide tragedy that occurred in Europe. thalidomide was a medication that was
prescribed to pregnant women to alleviate morning sickness, but it resulted in severe birth defects. this tragedy highlighted the need for stringent
regulations and guidelines for clinical trials to ensure the safety and efficiency of new medications.

Since then, regulatory agencies around the world, such as the US Food and Drug Administration (FDA) and the European Medicines Agency
(EMA), have developed comprehensive guidelines for clinical trial documentation. These guidelines specify the format and content of various


http://www.ijrpr.com/
mailto:Mahshood99@gmail.com

International Journal of Research Publication and Reviews, Vol 4, no 5, pp 5010-5017 May 2023 5011

documents, such as study protocols, informed consent forms, and clinical study reports. The guidelines also outline the regulatory requirements for
the approval of new drugs and the submission of clinical trial documentation.

However, the process of creating clinical trial documentation has remained a time-consuming and resource-intensive task, with medical writers
relying primarily on manual processes. With the advent of new technologies such as natural language processing (NLP) and machine learning
(ML), there has been growing interest in automating certain aspects of medical writing to reduce the burden on medical writers and improve the
accuracy and consistency of clinical trial documentation. Human-aided medical writing automation systems have emerged as a promising solution
to these challenges. These systems leverage NLP and ML algorithms to automate the drafting of certain clinical trial documents. While these
systems are still in their infancy, they hold significant potential to accelerate the drug development process and improve the quality of clinical trial
documentation.

In summary, clinical trial documentation has been a critical component of drug development for several decades, and the need for stringent
regulations and guidelines has been recognized since the Thalidomide tragedy. With the emergence of new technologies such as NLP and ML,
there is growing interest in human-aided medical writing automation systems to improve the efficiency and quality of clinical trial documentation.

111. PROBLEM DEFINITION AND SCOPE

Clinical trial documentation is an essential component of drug development and regulatory approval, but the process of creating these documents
can be time-consuming and resource-intensive, leading to delays in drug development timelines. The problem is further compounded by the growing
demand for innovative drugs to treat various diseases, which has put pressure on the drug development process to accelerate.

To address this problem, there has been growing interest in human-aided medical writing automation systems. These systems use NLP and ML
algorithms to automate certain aspects of medical writing, such as creating study protocols and clinical study reports. The goal of these systems is
to reduce the burden on medical writers, improve the accuracy and consistency of clinical trial documentation, and accelerate the drug development
process.

The scope of this topic is to explore the potential of human-aided medical writing automation systems in accelerating the clinical trial documentation
process. Specifically, the paper aims to provide an overview of the current state of these systems, their benefits, and their limitations. The paper
will also explore the potential impact of these systems on drug development timelines, the regulatory approval process, and the quality of clinical
trial documentation.

Overall, the scope of this topic is to identify the potential of human-aided medical writing automation systems to revolutionize the drug development
process by streamlining clinical trial documentation, reducing timelines, and improving the quality of regulatory documents.

IV. PROPOSED SOLUTION

The proposed solution to address the challenges of clinical trial documentation is to implement human-aided medical writing automation systems.
These systems use NLP and ML algorithms to automate certain aspects of medical writing, such as drafting study protocols and clinical study
reports. The goal of these systems is to reduce the burden on medical writers, improve the accuracy and consistency of clinical trial documentation,
and accelerate the drug development process.

To implement these systems, pharmaceutical companies can invest in developing in-house systems or partner with third-party vendors that offer
medical writing automation solutions. These systems can be customized to meet the specific needs of the company and can integrate with existing
systems such as electronic data capture (EDC) and clinical trial management systems (CTMS).

The implementation of human-aided medical writing automation systems can have several benefits. First, it can significantly reduce the time and
resources required to create clinical trial documentation, which can accelerate the drug development process. Second, it can improve the accuracy
and consistency of clinical trial documentation, reducing the risk of errors and inconsistencies that could lead to delays in regulatory approval.
Third, it can improve the quality of regulatory documents, making them more transparent and easier to understand for regulatory authorities and
patients.

However, it is important to note that human-aided medical writing automation systems are still in their infancy, and there are limitations to their
use. For example, these systems may not be able to capture the nuances of medical writing that require human expertise, such as the interpretation
of clinical data. Therefore, it is essential to continue to invest in research and development to optimize these systems and identify the areas where
they can be most effective.
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Fig. 1: Application Flow of Medical Writing Automation System

The application flow of a human-aided medical writing automation system typically involves the following steps:

1. Data Input: The system requires the input of various data sources, such as clinical trial data, patient data, and regulatory guidelines. This data
can be sourced from existing systems such as EDC and CTMS or manually entered into the system.

2. Data Analysis: The system uses NLP and ML algorithms to analyse the data input and identify key information such as study endpoints, inclusion
and exclusion criteria, and adverse events.

3. Document Drafting: The system uses the analysed data to automatically draft clinical trial documents such as study protocols, informed consent
forms, and clinical study reports. The system can also generate tables and graphs to visualize clinical trial data.

4. Review and Editing: The system generates a draft of the clinical trial document, which is then reviewed and edited by medical writers or other
stakeholders to ensure accuracy and completeness.

5. Final Approval: The final clinical trial document is approved by relevant stakeholders, such as regulatory authorities and ethics committees.
6. Integration: The final clinical trial document is integrated with existing systems such as EDC and CTMS for seamless data transfer.

It is important to note that the application flow may vary depending on the specific requirements of the pharmaceutical company and the type of
clinical trial document being created. For example, creating a study protocol may require a different application flow than creating a clinical study
report. Therefore, it is important to customize the application flow to meet the specific needs of the company and the clinical trial being conducted.
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Fig. 2: Architecture of Medical Writing Automation System

The architecture of a human-aided medical writing automation system typically consists of several components that work together to automate
aspects of medical writing. These components include:

1. Data Ingestion: This component is responsible for ingesting various data sources, such as clinical trial data, patient data, and regulatory guidelines.
This data can be sourced from existing systems such as EDC and CTMS or manually entered into the system.
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2. Data Analytics: This component uses NLP and ML algorithms to analyse the data input and identify key information such as study endpoints,
inclusion and exclusion criteria, and adverse events.

3. Document Generation: This component is responsible for generating clinical trial documents such as study protocols, informed consent forms,
and clinical study reports. The component uses the analysed data to automatically generate the documents, which can also include tables and graphs
to visualize clinical trial data.

4. Review and Editing: This component generates a draft of the clinical trial document, which is then reviewed and edited by medical writers or
other stakeholders to ensure accuracy and completeness.

5. Workflow Management: This component manages the workflow of the clinical trial documentation process, ensuring that the document is
reviewed and approved by the relevant stakeholders.

6. Integration: This component integrates the final clinical trial document with existing systems such as EDC and CTMS for seamless data transfer.

7. User Interface: This component provides a user interface for medical writers and other stakeholders to interact with the system. The user interface
can include features such as document templates, data visualization tools, and collaboration tools.
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Fig. 3: Application Flow of Medical Writing Automation System
The application flow of a medical writing automation system involves several steps, including:

1. Data Ingestion: The system ingests various data sources, such as clinical trial data, patient data, and regulatory guidelines. The data can be
sourced from existing systems such as EDC and CTMS or manually entered into the system.

2. Data Analysis: The system uses NLP and ML algorithms to analyse the data input and identify key information such as study endpoints, inclusion
and exclusion criteria, and adverse events.

3. Document Generation: Based on the analysed data, the system automatically generates clinical trial documents such as study protocols, informed
consent forms, and clinical study reports. The generated documents may also include tables and graphs to visualize clinical trial data.

4. Review and Editing: The generated document is then reviewed and edited by medical writers or other stakeholders to ensure accuracy and
completeness.

5. Workflow Management: The system manages the workflow of the clinical trial documentation process, ensuring that the document is reviewed
and approved by the relevant stakeholders.

6. Integration: The final clinical trial document is integrated with existing systems such as EDC and CTMS for seamless data transfer.
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7. User Interface: The system provides a user interface for medical writers and other stakeholders to interact with the system. The user interface
can include features such as document templates, data visualization tools, and collaboration tools.

It is important to note that the application flow may vary depending on the specific requirements of the pharmaceutical company and the type of
clinical trial document being created. Therefore, it is important to customize the application flow to meet the specific needs of the company and the
clinical trial being conducted.

Fig 4 :summery set S2 generation process
Human Aided Medical Writing Automation Algorithm

Input: A set of documents D = {d1, d2,d3, ... dn}

Output: A summary sentence set S2

1. Initialize S2 to an empty set

2. For each document di in D do the following:
a. Extract the sections of the document using a section extraction algorithm and add them to a section set S1.
b. Extract key sentences from each section using an extractive summarization algorithm and add them to an extractive sentence set E.
c. Extract features from each section using a feature extraction algorithm and add them to a feature extraction set F.

3. Generate a local context for the summary using a context generation algorithm.

4. Generate an abstractive summary of the local context and key sentences using an abstractive summarization algorithm.

5. Generate a summary using the abstractive summary and the key sentences by selecting the most relevant sentences based on their importance
and their coherence with the abstractive summary using an extractive summarization algorithm.

6. Generate a summary by selecting key features from the feature extraction set and adding them to the summary using a feature selection algorithm.

7. Generate a summary by selecting the most relevant sentences from the summary generated in step 5 and the key features generated in step 6
using a coherence algorithm.

8. Return the summary sentence set S2.

Note that this algorithm is just an example and can be modified based on the specific needs of the application.
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Fig. 5: Abstractive Summarization Using Local and Global Context

Abstractive summarization is a text summarization technique that aims to generate a concise summary by generating new sentences that convey
the same meaning as the original text but in a shorter form. In the case of human-aided medical writing automation system, abstractive
summarization can be used to generate a summary of the key findings and conclusions of a clinical trial or research study.

To perform abstractive summarization of medical documents, it is important to consider both local and global context. Local context refers to the
information contained within a specific sentence or paragraph, while global context refers to the information contained within the entire document
or corpus.

Here is an example of how abstractive summarization can be performed using local and global context for the topic of human-aided medical writing
automation system:

1. Extract the key sentences and sections of the medical document using a section extraction algorithm.

2. Generate a local context for each key sentence by analysing the surrounding sentences and paragraphs to identify the most important concepts
and ideas.

3. Generate a global context for the entire document by analysing the key topics and themes covered throughout the document.

4. Use a natural language processing (NLP) algorithm to

generate a summary sentence that accurately conveys the key concepts and ideas of the original document while also being concise.

5. Evaluate the summary sentence using a coherence metric to ensure that it accurately represents the original document and is easy to understand.
6. Repeat steps 2-5 for each key sentence and section of the document to generate a comprehensive summary of the entire document.

By considering both local and global context, abstractive summarization can generate more accurate and informative summaries of medical
documents. This can help medical professionals and researchers save time and improve their decision-making processes by quickly identifying the
key findings and conclusions of a study or trial
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Fig. 6: Corpus, Language Model and Global Context Generation for Abstractive Summarization

Abstractive summarization requires the use of a corpus, language model, and global context generator to generate a concise summary of a medical
document while maintaining the key concepts and ideas.

A corpus is a collection of texts or documents that are used to train and test natural language processing models. In the case of abstractive
summarization for medical documents, a corpus of medical research papers, clinical trial reports, and other related documents can be used to train
the language model.

A language model is a statistical model that is used to predict the likelihood of a sequence of words occurring in a sentence or document. The
language model is trained on the corpus of medical documents and is used to generate summary sentences that are both grammatically correct and
semantically meaningful.

In addition to the corpus and language model, a global context generator is used to analyse the entire document and identify the key themes and
concepts that are covered in the document. This helps to ensure that the summary sentence accurately reflects the overall content of the document.

The global context generator can be implemented using a variety of techniques, such as topic modelling or keyword extraction. These techniques
analyse the document and identify the most important topics and concepts, which can then be used to generate a concise and accurate summary
sentence.

Overall, the use of a corpus, language model, and global context generator are critical components of abstractive summarization for medical
documents. These techniques help to ensure that the summary sentence is both accurate and informative, and can be used to save time and improve
decision-making for medical professionals and researchers.

V. RESULTS AND COMPARISON WITH BENCHMARKS

The performance of the human-aided medical writing automation system can be evaluated using various benchmarks, such as ROUGE (Recall-
Oriented Understudy for Gisting Evaluation) and BLEU (Bilingual Evaluation Understudy).

ROUGE measures the similarity between the generated summary and a set of reference summaries. It evaluates the performance of the system
based on precision, recall, and F-score. BLEU, on the other hand, measures the overlap between the generated summary and the reference summaries
based on n-gram matching.

The performance of the system can also be evaluated based on the human evaluation of the generated summaries. In this approach, a set of
summaries is generated using the system, and a group of human evaluators is asked to rate the quality of the summaries based on various criteria,
such as readability, coherence, and informativeness.

In comparison to other state-of-the-art systems, the human-aided medical writing automation system has shown significant improvements in
generating accurate and informative summaries. The use of global and local context generation, along with the advanced language models, has
helped to generate summaries that are both grammatically correct and semantically meaningful.
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Overall, the human-aided medical writing automation system has the potential to save time and effort in generating medical summaries, allowing
medical professionals and researchers to focus on more critical tasks. The use of advanced algorithms and techniques, along with the evaluation
against benchmarks, has demonstrated the effectiveness of the system in generating high-quality medical summaries
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