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Abstract

The potential of using chatGPT in pharmacometrics was explored in this study, with a focus on developing a pharmacokinetic

(PK) model for standard half-life factor VIII. Our results demonstrated that chatGPT can be utilized to accurately obtain typical

PK parameters from literature, generate a population PK model in R, and develop an interactive Shiny application to visualize

the results. ChatGPT’s language generation capabilities enabled the development of R codes with minimal programming

knowledge and helped identify and fix errors in the code. While chatGPT presents several advantages, such as its ability to

streamline the development process, its use in pharmacometrics also has limitations and challenges, including the accuracy

and reliability of AI-generated data, the lack of transparency and interpretability of AI. Overall, our study demonstrates the

potential of using chatGPT in pharmacometrics, but researchers must carefully evaluate its use for their specific needs.

Introduction:

Over the years, the use of artificial intelligence (AI) in medical research has shown great promise in enhancing
drug discovery, identifying new treatment targets, and predicting disease outcomes1. AI is an umbrella term
encompassing several advanced technologies, such as machine learning, natural language processing, and deep
learning. These methods facilitate the extraction of patterns and insights from vast amounts of data. A
recent exciting development in AI research has been the public release of ChatGPT2, developed by OpenAI.
The model architecture behind ChatGPT (GPT; Generative Pre-trained Transformer3 has shown to be very
capable of achieving strong natural language understanding, while its accessible graphical user interface has
resulted in widespread adoption.

Large Language Models (LLMs) such as ChatGPT are trained on an enormous corpus of text in order to
generative responses to queries4. By devoting considerable human time labeling the quality of generated
responses and re-training the model to produce the best responses, ChatGPT has suprised many to produce
fluent and accurate responses to human inquiries. Aside from the public interest in the use of ChatGPT, there
has also been suggestions of using the model to assist students and researchers by editing text, answering
questions, writing code, and finding relevant literature given a query5–8.

There already exist several publications discussing the potential impact of LLMs on a wide range of different
research fields9–11. It however remains unknown if tools like ChatGPT can also support researchers from
relatively small research fields, potentially resulting from a lower availability of training data. In this work, we
investigate if ChatGPT can be used to assist during the development of population pharmacokinetic (PK)
models. As an use-case, we use ChatGPT to generate R code for predicting in vivo drug concentrations
of standard half-life factor VIII (FVIII) concentrates in patients with haemophilia A12. Next, we query
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ChatGPT to generate an interactive R shiny application that can be used for the interpretation of the model
and the selection of optimal doses. Based on this use-case, we aim to show that researchers unfamiliar with
programming in R can nonetheless produce usable code for data analysis.

Methods

Data collection and model development

We used the official implementation of ChatGPT v3.5 (https://chat.openai.com; OpenAI) to send and receive
answers to queries. The model was queried to provide typical estimates for the clearance (CL) and volume
of distribution (V) for FVIII based on a patient body weight (BW) of 70kg. These estimates were used to
define the population PK model and simulate FVIII levels over time.

Examples of queries send to ChatGPT for data collection are as follows:

What are typical CL and V of standard half-life FVIII for a patient of 70kg?

Can you give me references?

To verify the accuracy of the typical PK parameters ChatGPT provided, existing literature was consulted to
compare ChatGPT response to reported values from previous studies. We additionally requested ChatGPT
to produce the relevant literature along with the typical estimates of the PK parameters

Next, ChatGPT was queried to produce R code describing a population PK model using the previously
requested typical PK parameters (figure 1). ChatGPT was iteratively queried to adjust the model to the
users preferences and requirements for a FVIII PK model. At each step, produced code was transferred to
R (v4.1.1. R Core Team 2023) and the predictions were visualized to inform the next changes to the model.

Examples of queries send to ChatGPT for model development are as follows:

1. in R, can you develop a 1 compartment population PK model of FVIII, using a typical CL of 2.5 dL/h
and a V of 40 dL?

2. Can you use allometric body weight scaling on the PK parameters?
3. Can you add a baseline of FVIII to the simulated FVIII levels?

Allometric scaling is commonly used on PK parameters to account for differences in body size13. While
patients with haemophilia A also produce endogenous FVIII, therefore a constant baseline value to the
simulated FVIII levels is added12.

Shiny applications developmentTo visualize the simulated FVIII levels over time, ChatGPT was asked
to create a Shiny application based on the PK model14. The application provided a tool for simulating FVIII
levels over time. The application allowed the user to input the patient’s body weight, baseline FVIII level,
duration of the simulation and desired dosing. Additionally, it included a table output that displayed the
simulated FVIII levels at several time points. The application also included a dropdown menu for selecting
a therapeutic window, with dashed areas representing treatment windows for major surgery (30-50 IU/dL),
intense physical activity (30-15 IU/dL), high risk activities (5-15 IU/dL), and mild activities (3-5 IU/dL).
The therapeutic windows for FVIII levels were based on the recommendations by Berntorp et al15.

The following queries were used in ChatGPT for shiny application development:

1. in R, can you visualize the simulations in a shiny application?
2. In the shiny application I want to adjust the body weight from 40 to 100 kg with steps of 1kg?
3. I also want to choose different doses between 250 and 5000 IU, change the duration of the simulation

and choose a baseline FVIII between 0 and 40 IU/dL.
4. Can you add a therapeutic window with dashed lines? The following therapeutic windows should be

added: major surgery 30-50 IU/dL, intense physical activity 30-15 IU/dL, higher risk activity 5-15
IU/dL, mild activity 3-5 IU/dL.

2
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5. Can you add a table below the plot that shows the predicted FVIII levels at various time points during
the simulation?

Results Developing a population PK model using ChatGPT

Based on the literature review provided by ChatGPT, typical clearance (CL) of FVIII in haemophilia A
adults with a body weight of 70kg range between 2.5-3.5 dL/h depending on various factors such as age and
health status. ChatGPT also suggested that the volume of distribution for a 70kg patient can range between
40-60 dL. We found that these PK parameters are consistent with previous studies. For example, one study
by Björkman et al. found a CL of 2.3 dL/h and a V of 37.1 dL based on adults of 70kg16. Another study
by McEneny-king and colleagues estimated a CL of 2.4-3.24 dL/h and a V of 35.4-46.2 dL , also based on
adults of 70kg17. Based on the estimates provided by ChatGPT and the previous literature, we chose 2.5
dL/h and 40 dL as typical PK estimates for CL and V, respectively. Next, ChatGPT was queried to produce
a population PK model in R using the previous typical PK estimates. The R code that ChatGPT generated
for the base population PK model is displayed in figure 1. Not only does ChatGPT produce functional code,
it also gives an explanation of how it works. Initially, the R code sets the initial FVIII level is zero, assuming
no dose was given. If a dose was administered, the initial FVIII level (represented by C 0 in the code) as
the dose divided by V. We then iteratively asked ChatGPT to add components to the model. ChatGPT
understood how to normalize the PK parameters to body weight using allometric scaling and how to include
a baseline FVIII level (F0) as a parameter, as shown in figure 2.

Developing a shiny application to visualize FVIII levels

Based on the PK model ChatGPT developed, a shiny application was developed by ChatGPT to simulate
FVIII levels profiles based on patient characteristics. The Shiny application allows to adjust the body weight
of a patient (from 40 to 100 kg with steps of 1 kg), the baseline FVIII level (from 0 to 40 IU/dL), the duration
of the simulation, and the desired dosing (between 250 and 5000 IU). ChatGPT was able to successfully
generate a Shiny application that can simulate FVIII levels over time, with realistic predictions18 (figure 3
and supplement). All queries were successfully implemented in the Shiny application by ChatGPT. Moreover,
ChatGPT was capable of implementing multiple requests from a single query, such as questions 3b and 4b.

What it cannot do

While ChatGPT was successful to generate R code for a single dose simulation, our experience showed
that it struggled to provide an appropriate code for simulating multiple doses of FVIII and the results it
generated were unrealistic. Therefore, caution must be exercised when using R codes generated by ChatGPT
in pharmacometrics. We also asked ChatGPT to produce NONMEM code for the same model. Although the
produced code did resemble a NONMEM control stream, the produced file contained multiple errors and
redunancies, and failed to run.

Discussion

We show that ChatGPT is not only capable of accurately obtaining typical PK parameters from literature,
but also has the ability to generate functional R code for predicting drug concentration using a population
PK model as well to develop an interactive Shiny application to visualize model predictions.

ChatGPT generated an one-compartment population PK model in R and updated the code based on user
specifications. By using ChatGPT to develop a Shiny application in R, users inexperienced with R shiny can
easily produce web applications for interpreting their models. Both applications show how ChatGPT can be
used without extensive coding or programming knowledge. This can significantly reduce development time
and effort, while potentially improveing user experience of such applications. Another advantage of using
ChatGPT for programming is its ability to assist developers in identifying and fixing errors in their code.
ChatGPT can suggest possible solutions for errors and other coding mistakes, which helps inexperienced
users to debug their code19,20. This feature can help streamline the development process and improve the
overall quality of R code.
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There are also some limitations and challenges to the use of ChatGPT for applications related to pharma-
cometrics. For example, the accuracy and reliability of AI-generated data may be affected by biases and
knowledge gaps in the training data or the complexity of the query, for example when asking to produce
code for more complex biological systems21,22. It can be especially difficult for inexperienced users to detect
errors in the responses provided by ChatGPT, potentially with errors getting into proposed model code,
affecting downstream results. This may lead to inaccurate or misleading results. Additionally, the lack of
transparency and interpretability of AI algorithms may raise ethical concerns and limit their widespread
adoption23,24. A more practical limitation of ChatGPT v3.5 that was used In this study is that response size
is limited, potentially cutting off longer blocks of code. It can still present a challenge for users who require
complete and accurate code snippets. Although ChatGPT might be especially interesting for inexperienced
programmers, it might still be necessary to carefully review and edit code generated by ChatGPT to ensure
its correctness and completeness. It is possible that future versions of ChatGPT may address some of the
limitations observed in version 3.5, including the truncation of longer blocks of code. Another limitation to
consider is that ChatGPT did not seem to be able to generate NONMEM control streams very well, which is
unfortunate as NONMEM is the gold standard in pharmacometrics research, and the identification of errors
in these streams can greatly aid students learning to use it25. This may be due to the limited availability of
publicly available control streams, making it difficult for ChatGPT to learn from and generate accurate and
reliable code for NONMEM models.

In conclusion, the integration of ChatGPT in pharmacometrics has the potential to streamline the develop-
ment process and improve the user experience for pharmacometrics researchers. We deem it unlikely that
ChatGPT will replace pharmacometricians in its current state. ChatGPT does have great value with respect
to aiding researchers in finding and explaining information, generating and helping to debug code, and the
education of new generations of pharmacometricians. As ChatGPT continues to evolve and improve, it has
the potential to become an even more valuable tool in the field of pharmacometrics. As ChatGPT continues
to evolve, it is likely that other pharmacometricians will find new and innovative ways to integrate it into
their workflows and further enhance its capabilities in the field of pharmacometrics.
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Figure legends

Figure 1. R code for simulated Factor VIII levels over time in a one-compartment pharmaco-
kinetic model . The model and R code for the one-compartment population pharmacokinetic model were
generated by ChatGPT.

Figure 2. Prompts to adds components to the population pharmacokinetics model generated
by ChatGPT.

Figure 3. Generated Shiny application for simulating FVIII level profiles. The figure in the top
right shows the simulated FVIII level profile over 72 hours for a patient with a body weight of 70kg, receiving
a dose of 3000 IU and with a baseline FVIII level of 0 IU/dL. The red dotted lines represent the currently
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selected therapeutic window. The table below the plot shows the predicted FVIII level at various time points
during the simulation, including the peak level and the end of the simulation period.

Appendences

Final R code of the population PK model for factor VIII and Shiny application
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