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Executive Summary

Generative artificial intelligence (Al) and large language models (LLMs) are poised to transform pharmaceutical
workflows across research, development, regulatory, manufacturing, supply chain, and commercial operations. In
particular, building and deploying a library of Al prompt templates — carefully crafted, reusable prompts for guiding
generative models — has emerged as a key strategy for boosting efficiency, consistency, and compliance in pharma-
specific tasks. This report surveys the historical context and current state of Al in pharma, defines the concept of prompt-
guided Al and prompt libraries, and examines in depth how prompt templates can be applied across Xanpharmaceutical
workflows. We present data on industry adoption, case studies from leading companies (e.g. AstraZeneca, Merck, Eli
Lilly, GSK), and detailed discussion of technical and organizational considerations.

Key findings include:

« Transformative potential: Analysts project that generative Al could unlock tens of billions of dollars of value in pharma annually. For
example, a 2024 McKinsey report estimates that generative Al could generate $60—-110 billion per year for the pharmaceutical and
medical-products industry by accelerating drug discovery, streamlining clinical trials, and improving commercial operations
[https://www.mckinsey.com/industries/life-sciences/our-insights/generative-ai-in-the-pharmaceutical-industry-moving-from-hype-to-reality].
Emerging real-world results support this: AstraZeneca reports applying Al tools “throughout the discovery and development process, from
target identification to clinical trials,” accelerating the pipeline (M moneyweek.com); Merck's commercial teams have cut multi-week

marketing-review cycles down to hours using Al ([2] aws.amazon.com); and industry leaders like Eli Lilly are investing in Al-powered

supercomputers to generate “scientific Al agents” that plan experiments ([3] WWW.axios.com).

« Prompt engineering and libraries: Effectively leveraging generative Al requires careful prompt engineering. In pharma, this means
designing prompts (and prompt templates) that incorporate regulatory context, scientific detail, and desired output constraints. Experts
emphasize building prompt libraries — shared repositories of proven prompts — to capture institutional knowledge and ensure quality. For
example, clinical Al consultant Rune Bergendorff advises companies to create internal prompt libraries so teams can “reuse [good,
proven] prompts and get high reliability every time” ([4] www.biospace.com). Industry voices echo this: observers note that “your

company needs a Prompt Library to maximize generative Al” as part of an enterprise Al strategy ([5] www.codeandchats.com).

« Applications in pharma workflows: We identify concrete use cases for prompt libraries across the value chain. In R&D, prompt
templates can guide Al to generate literature summaries, propose compound structures, or suggest novel drug targets. In clinical
development, they can help design trial protocols, draft patient inclusion criteria, or analyze trial data. In regulatory affairs, prompts can
be used to summarize guidelines, produce draft submission documents, and monitor changing regulations. In manufacturing and
supply chain, prompts can drive quality-control report generation, predictive maintenance plans, and inventory forecasting. In
commercial and medical affairs, prompt templates aid in creating compliant marketing materials, personalizing HCP communications,
and summarizing real-world evidence. Each of these categories is explored in depth later in this report.

« Benefits: Prompt templates standardize Al interactions, reducing tedious repetition and user error. When well-designed, they accelerate
tasks while embedding domain best practices. Industry sources report that over half of organizations using Al already see substantial time
savings. For instance, a ChatGPT prompt library (AIPRM) cites a stat that 53% of companies using Al achieved “a reduction in response

time for everyday tasks” ([GW www.aiprm.com). In pharma specifically, surveys show rapid Al adoption: a 2024 Gartner study found 43%

of life-sciences firms had deployed Al/ML in core processes (W www.astrixinc.com), and many pilot projects indicate productivity gains
and cost reductions in R&D and operations.

« Challenges and safeguards: Adoption demands overcoming challenges of data privacy, regulatory compliance, and Al reliability.
Pharma'’s stringent regulations (e.g. FDA, EMA, GxP) require that Al outputs be validated and auditable ([8] www.astrixinc.com) ([9]
www.freyrregintel.com). Prompt templates must include guardrails to prevent hallucinations and ensure factual accuracy. Some experts
warn that generative Al can produce “confident but incorrect” answers (HOJ www.axios.com), so human oversight and iterative prompt
refinement are essential. Technical infrastructures (private LLM instances, integration with internal databases, secure APIs) must be
implemented to protect sensitive data. Organizationally, clinicians and specialists need training on prompt best practices (lll]

www.biospace.com) (”2] www.mdpi.com).
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« Future outlook: The field is rapidly evolving. Long-term visions include multi-agent Al systems that autonomously manage entire drug
pipelines, chained prompt workflows that emulate expert reasoning, and regulation-adaptive Al that continuously ingests new guidelines.

As noted by analysts, 2026 is being dubbed “the year of the agent” in pharmaceutical Al ([13] intuitionlabs.al). Building robust prompt
template libraries now — with continuous update and governance — will prepare organizations to harness this future. We discuss strategies
for evolving prompt libraries over time, and how they can integrate emerging technologies (e.g. fine-tuned LLMs, domain-specific
knowledge graphs, adaptive learning).

Overall, this report provides a thorough exploration of how an Al prompt template library can be systematically developed
and applied to optimize pharmaceutical workflows. It draws on academic studies, industry reports, expert commentary,
and real-world examples, citing data and opinions from credible sources [https://www.mckinsey.com...]
[https://www.biospace.com...] [https://www.axios.com...] among others. The findings illustrate both the transformative
promise of generative Al in life sciences and the practical steps needed to realize it responsibly.

Introduction

Generative artificial intelligence (gen-Al) — Al that can create text, code, images or other content based on prompts — has
made explosive strides in recent years. Large language models (LLMs) such as OpenAl’'s GPT series, Google Bard,
Anthropic’s Claude, and others are able to understand complex prompts and generate human-like responses in real time.
For example, Microsoft research showed GPT-4 answering science questions, and OpenAl’'s ChatGPT has already
demonstrated capabilities in passing medical exams and aiding research (*°/ vwww.axios.com) (**/ within3.com). These
tools are “supercharging” many domains of work — writing, coding, analysis — and pharma is no exception.

The pharmaceutical industry encompasses diverse workflows — from medicinal chemistry and clinical trial design to
regulatory submission, manufacturing, and marketing — that involve vast documentation, data analysis, and decision-
making.Traditionally, these processes have been laborious and siloed. With the arrival of gen-Al, companies are
exploring how to automate or augment tasks such as literature reviews, experimental design, regulatory writing, and
more. Early examples abound: ChatGPT has been used to draft summaries of research papers, generate patient
education materials, and even propose molecular structures. At the 2025 Davos forum, NVIDIA's CEO highlighted that
pharma giants like Eli Lilly are already building Al-driven platforms (“scientific Al agents”) to plan experiments and drive
discovery (©°! www.axios.com). Pharmaceutical leaders recognize that harnessing Al effectively could “revolutionize health

16]

care and life sciences” and is necessary to stay competitive (*°! within3.com) (**) www.axios.com).

However, generative Al is sensitive to the precise wording of prompts. A well-crafted prompt yields valuable output; a
vague or inappropriate prompt can mislead or hallucinate. In practice, organizations are finding that developing and
refining prompts is a discipline in itself — often called prompt engineering. To scale these benefits, teams are compiling
“prompt templates” or “prompt libraries”: structured, reusable prompt forms tailored to specific tasks. In pharma, a prompt
template library might include standardized prompts for drafting a clinical protocol, summarizing regulatory guidelines,
generating safety case narratives, etc. Maintaining such a library both captures institutional knowledge and improves
consistency.

This report investigates the concept and implementation of Al prompt template libraries specifically for pharmaceutical
workflows. We first review the historical evolution of Al in pharma and the current surge in gen-Al, highlighting data on
adoption and value (Section 1). We then define prompt engineering and describe what a prompt template library entails
(Section 2). The core of the report (Section 3) examines different pharmaceutical domains — R&D, clinical operations,
regulatory, manufacturing/supply, commercial — and illustrates how prompt templates can be applied in each. We
interweave quantitative evidence (e.g. industry surveys, adoption rates) and qualitative insights (expert opinions,
corporate case studies). We also discuss challenges and governance — e.g., the need to embed compliance constraints
into prompts — and technical considerations such as integration with knowledge bases (Section 4). Finally, we look ahead
to emerging trends (multi-agent Al, personalized medicine) and conclude with recommendations for building and evolving
prompt libraries in life sciences (Section 5). Throughout, every claim is supported by credible sources: peer-reviewed
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articles, industry reports, news accounts, and expert interviews [https://www.mckinsey.com/...]
[https://www.biospace.com/...] [https://www.axios.com/...] etc.

1. Background and Context

Pharmaceutical research and operations have long leveraged data and computing — from early computational drug
design to modern biostatistical trial simulations. Yet Al until recently was mostly limited to “narrow” applications (e.g.
machine learning for target identification, imaging analysis). The advent of flexible generative Al marks a paradigm shift.
Industry reports highlight the scale of opportunity: A McKinsey Global Institute analysis projects that generative Al could
create $60-110 billion in annual economic value in the pharmaceutical and medical-products sector (7]
www.mckinsey.com). Drug discovery is a prime driver: by “accelerating the process of identifying compounds for possible
new drugs” and speeding development and approval, gen-Al can dramatically boost R&D productivity (¢!
www.mckinsey.com). Indeed, pharmaceutical companies have been early adopters of Al; even before the current gen-Al
wave, they pioneered deep-learning models for protein folding (AlphaFold2) and other tasks (*°! www.mckinsey.com).

The potential spans the entire drug lifecycle. In drug discovery and development, generative Al can propose novel
molecules, predict properties, and interpolate knowledge across biology and chemistry. Recent reviews note that Al
“enables virtual assistants, which help automate routine tasks” and “advances novel small-molecule drug design and
drives new ML applications through synthetic data generation” (2 ww.sciencedirect.com). The result is faster iteration
and broader exploration of chemical space. In clinical operations, Al can optimize trial design, accelerate patient
matching, and even draft protocols. Within3'’s industry blog emphasizes that pharma must integrate Al throughout
discovery-to-patient channels to remain competitive (**/ within3.com) — a sentiment echoed by AZ's scientists, who report
applying Al “from target identification to clinical trials” ("' moneyweek.com). On the regulatory front, Al is being used to
track and summarize changing guidelines, prepare submission documents, and monitor compliance. Analysts note that

regulatory teams now use algorithms that “scan thousands of regulatory sources daily, flag changes in near real time, and

surface patterns no human team could reasonably detect alone” (*°) www.freyrregintel.com). In manufacturing and supply
chain, Al-driven analytics enable predictive maintenance and inventory optimization (see Section 3). Even in
commercial/marketing, Al can generate and personalize content for health care professionals (HCPs) and patients,
leading to more effective outreach and education.

By late 2025, practical results from these pilots are emerging. MoneyWeek reports that AstraZeneca attributes its
efficiency gains in R&D to Al tools, with AZ’s Chief Data Scientist stating that Al helps “turn science into medicine more
quickly” (! moneyweek.com). Merck’s commercial analytics teams, as detailed in an AWS blog, already use generative Al
to mine intelligence from data and automate analyses — yielding metrics such as reducing content-review times from
weeks to hours (! aws.amazon.com). Such examples underscore the fast-moving nature of Al adoption in pharma. A 2024
Gartner survey confirms this trend: 43% of life-sciences organizations had deployed AlI/ML in enterprise processes, up
sharply from earlier years (") www.astrixinc.com). Indeed, consultants predict that 2026 will be the “year of the agent” in
pharma Al (\““l intuitionlabs.ai), as firms shift toward autonomous, agentic Al that can execute complex tasks once a
prompt or goal is set.

Despite enthusiasm, pharma’s regulated environment means new Al workflows must be designed with care. Generative
models can produce plausible-sounding but incorrect content (*°/ vwww.axios.com), so outputs must be validated. Prompt
quality becomes critical: ambiguous or poorly constrained prompts can lead to “hallucinations”. Analysts caution that
thorough prompt engineering — iterating and refining prompts based on medical knowledge — is necessary to safely
apply Al in health-related tasks ("“! www.mdpi.com) (?) aws.amazon.com). At the same time, pharma’s complex data
landscape (electronic health records, chemistry databases, clinical trial metadata) presents integration challenges.
Therefore, companies are investing in infrastructure (private LLM instances, secure cloud solutions) and governance
frameworks to support Al.

In summary, the current state is one of rapid innovation: generative Al tools are being woven into pharma workflows,
yielding initial productivity gains and raising expectations. Against this backdrop, our focus shifts to prompt templates:
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reusable, parameterized prompts that guide Al outputs for specific tasks. A prompt template library is, essentially, a toolkit
for systematic prompt engineering. The rest of this report examines how such libraries can be built and leveraged to
maximize Al's benefits across pharmaceutical use cases.

2. Al Prompt Engineering and Template
Libraries

2.1 What Is Prompt Engineering?

At the heart of generative Al is the process of prompting: providing input text to a model (like “Write a summary of this
article” or “Generate a list of drug candidates”). Prompt engineering, then, is the design of these inputs to elicit useful and
accurate responses. Good prompts often include clear instructions, context, examples, and constraints. Because LLMs
respond literally to the phrasing and structure of prompts, even small changes can yield dramatically different results.
Thus, prompt engineering has emerged as a distinct discipline in Al-driven workflows (*/ www.biospace.com) (7!

www.mdpi.com).

In healthcare and pharma, effective prompts must often encode domain knowledge. For instance, a clinical trial design
prompt might need to specify patient population, phase, endpoints, and relevant guidelines. As Patil et al. (2024) note,
prompts in medicine must be “grounded in medical knowledge and aligned with evidence-based guidelines” to produce
clinically relevant outputs (°?/ vww.mdpi.com). At the same time, pharmaceutical use cases may demand filling highly
structured templates (e.g. sections of a regulatory submission), so prompts must guide the model to output in the correct
format.

A prompt typically contains variables or placeholders. For example, a generic design prompt could be:

“Design a Phase Il clinical trial for a new oncology drug targeting [disease]. Specify the primary and secondary
endpoints, inclusion criteria, and approximate timeline.”

In this template, items in bold might be fixed once (phase, indication area), and [disease] is a variable input. Engineers
can then fill in specific values as needed. Such structured prompts — with both fixed instruction text and fillable fields —
allow flexibility while maintaining consistency.

2.2 Prompt Template Libraries

A prompt template library is a curated collection of such prompt formats, organized for reuse across an organization.
Instead of every user writing ad-hoc prompts from scratch, they select and fill templates from the library. This approach
has multiple advantages:

« Consistency: All users approach a common task with the same underlying prompt logic, reducing variability in
outputs.

« Efficiency: Users save time by starting from a proven template rather than “reinventing the wheel.”
« Quality Control: Templates can be optimized and validated once, lowering the chance of poor prompts.
« Knowledge Capture: Institutional best practices (e.g., regulatory language, data sources) can be embedded directly.

In practice, companies build prompt libraries as internal wikis, shared documents, or even code-based repositories. For
instance, a prompt library might be organized by function (e.g. “Regulatory Summary”, “Trial Protocol Draft”, “Literature

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 5 of
reserved. 20


https://www.biospace.com/career-advice/how-is-generative-ai-transforming-clinical-trial-work#:~:text=Prompt%20engineering%20is%20an%20important,GenAI%20running%20in%20your%20company
https://www.mdpi.com/2079-9292/13/15/2961#:~:text=The%20rapid%20advancements%20in%20artificial,overview%20of%20generative%20AI%20prompt
https://www.mdpi.com/2079-9292/13/15/2961#:~:text=The%20rapid%20advancements%20in%20artificial,overview%20of%20generative%20AI%20prompt
https://www.mdpi.com/2079-9292/13/15/2961#:~:text=input%20prompts%20to%20guide%20AI,grounded%20in%20medical%20knowledge%20and
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ai-prompt-template-libraries-for-pharma-workflows.pdf
https://intuitionlabs.ai/articles/ai-prompt-library-pharma-workflows?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ai-prompt-template-libraries-for-pharma-workflows.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ai-prompt-template-libraries-for-pharma-workflows.pdf

[P owitiontabs  intuitionLabs - Al Software for Pharma & Biotech Al Prompt Template Libraries for Pharma Workflows

Review”). Each entry defines the prompt text with placeholders and usage notes. Some platforms (like enterprise LLM
suites) allow pursuing templates as native “assets” that can be versioned and shared.

Experts stress that prompt libraries should be living, evolving collections. As new insights or models arrive, templates are
refined. A widely cited industry blogger explicitly states, “Your company needs a Prompt Library to Maximize Generative
Al” and urges creating such a library as a key generative-Al initiative ( ). In a Q&A on clinical Al,
Bergendorff similarly underscores that “prompt libraries” should store proven prompts so teams can reuse them and
achieve “high reliability every time” ( ). The clear implication is that a robust prompt library is an
organizational asset: akin to a knowledge base of Al interactions.

2.3 Key Considerations in Building Prompt Libraries

Domain Specificity. Templates must reflect the stringent requirements of pharma. For example, a prompt for writing
marketing copy should avoid off-label claims; a prompt for summarizing clinical data should include patient population
context. Often the fixed instructional text in a template includes disclaimers or instructions: e.g. “Ensure all suggestions
comply with current FDA label regulations.”

Clarity and Constraints. Because generative Al can be prone to hallucinating, templates often contain explicit
constraints. For example, a prompt might instruct: “If you are unsure, explicitly state it; do not fabricate information.” Or:
“List exactly five citations from peer-reviewed journals to support each claim.” These guardrail instructions can be part of
the template. Such clarity is essential in regulated content generation.

Private vs Public Instances. Many pharma companies operate on private clouds or local deployments for data security.
In these cases, prompt libraries can be integrated into the private interface. Bergendorff notes that internal GenAl
platforms often have prompt libraries built in when companies run private instances ( ). Public chatbot
platforms (e.g. open ChatGPT) may not allow sharing templates, so enterprise solutions are often needed.

Training and Governance. Prompt libraries come with governance demands. Non-experts need training to
choose/modify templates appropriately. Templates and their outputs should be reviewed by domain experts. A committee
or process may validate templates before they're added. This mirrors practices in documentation or software libraries:
thorough testing and review are critical.

In summary, a prompt template library is not merely a list of example prompts; it is a structured framework for Al-driven
tasks. It encapsulates domain knowledge, compliance rules, and user guidance that together help pharma professionals
harness generative Al effectively. The remainder of this report shows how these libraries apply concretely to different
pharmaceutical processes.

3. Applications and Case Studies in Pharma
Workflows

This section examines specific pharmaceutical workflows and how an Al prompt template library can be applied. For each
domain, we describe typical tasks, propose example prompts, and cite evidence of Al's impact. We also include
illustrative case examples from industry when available.

3.1 Drug Discovery and Research & Development

Drug discovery is a data- and creativity-intensive process spanning target identification, molecule design, preclinical
testing, and beyond. Generative Al promises to accelerate many of these steps. A prompt library here can standardize
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tasks like literature review, hypothesis generation, molecular design suggestions, and analysis of experimental results.

« Literature Review and Knowledge Mining: One common bottleneck is digesting vast scientific literature. A prompt template for
summarization might be:
“Summarize the findings of [Paper/Article] on [disease/compound] in less than 300 words, highlighting key results and implications.”
Such templates can be used to quickly generate overviews of the latest research, or to extract decision-essential points from long reports.
Workflows incorporating these have been reported at leading firms. For example, Merck’s data teams are already using Al to “mine

information from primary market research reports” and analytical publications, identifying trends and guiding strategy ([23]

aws.amazon.com). A prompt library would contain vetted formats for literature summarization so each researcher doesn't need to craft a
new prompt each time.

« Hypothesis and Target Proposal: Researchers often seek novel targets or mechanisms. A template prompt might be:
“Given the biology of [disease X] and existing drugs [list], propose two novel molecular targets that could be exploited, providing
rationale.”
The generative model could draw on biochemical knowledge to suggest ideas. While Al cannot replace expert creativity, it can surface
overlooked hypotheses. In industry, models like Insilico Medicine’s (an Al drug discovery company) use generative networks to propose
compounds; this approach yields thousands of candidate molecules far faster than manual brainstorming. Jensen Huang of NVIDIA
highlighted that companies are building Al systems to “develop research models” for drug pipelines (°! vwww.axios.com), implying
prompt-like inputs driving discovery.

« Molecular Design and Optimization: More concretely, prompting can assist computational chemistry. A template example:
“Design five small molecules likely to bind strongly to [target protein Y] with the following properties: molecular weight < 500, logP
between 1 and 3. List IUPAC names and SMILES structures.”
An LLM (particularly ones augmented with chemical knowledge) can generate chemical structures or descriptions. For instance, GPT-4
was shown by OpenAl to have strong proficiency at generating valid molecular SMILES strings when prompted properly. While wet-lab
testing is needed afterwards, such Al-generated suggestions can expand the chemical search space. According to a ScienceDirect

review, generative Al is “accelerating drug discovery, improving targets” and even enabling “automated hypothesis generation” ([ZO]
www.sciencedirect.com). Use of prompt templates ensures that instructions (property filters, output format) are consistently applied.

« Data Analysis and Virtual Screening: After experiments (e.g. assay results, modeling data), prompts can assist interpretation. For
example: “Analyze this experimental assay data to identify which of the tested compounds shows the best balance of efficacy and
toxicity.” or “Summarize differences between the top three candidates’ profiles from this chemical library screen.” These templates guide
Al to present insights clearly. Prompted analysis can help teams sort through high-throughput results more quickly.

Case Example - Accelerated Discovery at AstraZeneca: A public remark by AstraZeneca’s R&D leadership
emphasizes how broadly they use Al. Jim Weatherall, Chief Data Scientist in BioPharma R&D, noted:

“By harnessing increasingly powerful and low-cost Al tools [we] are applying Al throughout the discovery and
development process, from target identification to clinical trials” (! moneyweek.com).

In practice, this likely includes using generative models for tasks like those above, controlled by standardized prompts.
Another industry analysis cites AstraZeneca as a prime example of an “Al applicator” within pharma, leveraging Al to
improve margins with little added risk (**) moneyweek com). Taken together, these point to temperate but real gains from
guided Al use in discovery. A pharma prompt library for R&D might thus include templates for summarizing research,
generating target hypotheses, suggesting compound designs, and analyzing assay data, all anchored by the domain
context.

3.2 Clinical Development and Trial Operations

Designing and running clinical trials involves generating protocols, statistical plans, patient communication, and
regulatory documents. Generative Al can help with drafting content and analyzing text data. A prompt library for clinical
workflow could contain templates for protocol outlines, recruitment strategies, informed consent drafts, and more.
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« Trial Design and Protocol Drafting: Early-phase protocols require specifying objectives, endpoints, populations, and methodology. A
prompt might be: “Draft a protocol outline for a Phase Il trial of a novel oral anticoagulant in patients with atrial fibrillation, including goal,
patient eligibility, primary endpoint, and key assessments.” The Al can generate a structured draft which scientists then refine. Experts
see this as high-value: Bergendorff notes that companies must train teams in identifying the right use cases and prompt engineering for
trials (W www.biospace.com). Prompt libraries ensure each draft begins with a comprehensive set of instructions (trial phase, disease

context, sample size ideas) so that initial suggestions are on-target.

« Patient Recruitment and Inclusion Analysis: Selecting inclusion/exclusion criteria is complex. Prompts like “List common inclusion and
exclusion criteria for trials on Type Il diabetes medications” can help compile domain knowledge quickly. Similarly, suggestions on
recruitment channels can be Al-assisted: “Suggest strategies to recruit elderly patients in rural areas for a hypertension trial.” These
prompt templates include the specific population context to get relevant ideas. In a Merck-AWS interview, executives mentioned using

Al/ML to analyze unstructured clinical data and predict patient journeys ([25‘ aws.amazon.com) (‘25] aws.amazon.com). A prompt
library could codify how to frame queries addressing recruitment or patient stratification.

« Data Monitoring and Summary: During a trial, enormous data accumulates (adverse events reports, interim results). Al can generate
summaries: “Summarize the interim safety data from this trial up to 6 months, noting any serious adverse events and overall tolerability.”
Templates like this standardize what sections and safety metrics to include. Such analysis might rely on secure data, so typically it would
run on a private platform. Clinical Al specialists point out that every trial can benefit from Al support — provided prompts give enough

context (e.g. trial phase, population) (HJ www.biospace.com). Frequent summarization prompts could be built into dashboards to keep
teams updated.

+ Regulatory Submissions (CTDs): Clinical plans must be translated into regulatory documents (e.g. Study Protocol Section, Clinical
Study Report). While full Al drafting of mandatory filings is not yet realistic without heavy review, prompts can draft initial language. A
template example: “Based on the study protocol, write the text for ‘Section 6: Study Objectives and Endpoints’, including primary and key
secondary objectives.” Writers then refine for compliance. A clear prompt template for each CTD module — including required clauses —

would expedite authoring. One analyst suggests that structured content frameworks must accompany Al tools to ensure compliance ([26]
www.astrixinc.com), which fits with using template libraries to impose structure.

« Case Study - Generative Al in Clinical Review: An executive Q&A with Merck’s Suman Giri highlighted trial-related Al applications. For
example, he cited hyperpersonalization strategies for healthcare providers, which in practice rely on analyzing trial data to tailor
messages (L27J aws.amazon.com). He also noted streamlining “medical, legal and regulatory review processes” through Al (L27J
aws.amazon.com). Additionally, Merck plans to use Al to predict patient journeys in analytics workflows (2% aws.amazon.com). These
examples imply underlying prompt templates (e.g., prompts to parse medical review documents or to generate provider-specific content).

Importantly, Giri asserts these Al applications will drive “real benefit” in efficiency and sales ([21 aws.amazon.com).

In summary, prompt libraries for clinical development integrate the protocol context, regulatory rules, and outcome
measures into each template. By doing so, teams can quickly generate drafts for trial protocols, informed consent, safety
reports, and patient communications without starting from a blank slate. As one review noted, using generative Al in
internal content review (like marketing messages for trials) can cut processes from weeks to hours (°! aws.amazon.com),
illustrating the potential time savings if clinical paperwork is similarly templated.

3.3 Regulatory Affairs and Compliance

Regulatory affairs requires meticulous documentation and constant vigilance of guidelines. Prompt templates can support
tasks such as drafting regulatory submissions, summarizing new guidances, and reviewing promotional materials for
compliance.

+ Regulatory Guidance Summaries: Health authorities issue complex guidelines (e.g. ICH guidelines, FDA guidance documents). A
prompt template might be: “Summarize the key points of [FDA guidance title] in bullet form, highlighting any recent changes affecting
[product type].” Al can quickly skim lengthy documents to extract main impacts. This informs teams so they can update processes. Given
the volume of changes (FDA may issue draft, final, Q&A, etc.), automation is valuable. Freyr’s analysis notes that modern compliance
tools have Al scanning thousands of sources daily, surfacing otherwise hidden patterns (19] www.freyrregintel.com). A prompt library
would include retrieval and summarization formats for regulatory updates, perhaps integrated with subscription feeds.
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« Drafting Submission Documents: Preparing modules of the Common Technical Document (CTD) or device submissions is laborious.
Templates can help autofill routine sections. Example prompt: “Create a draft of the Clinical Overview section for a new solid-oncology
drug, citing [study] and [registry] data.” The model produces text that human editors refine. Another template: “Generate a summary of
risk-benefit considerations for [Drug X] based on these clinical study results.” Such standardized prompts ensure compliance with
expected content (e.g. always include safety vs efficacy analysis). The Astrix whitepaper highlights that Al-generated content must meet
“stringent validation, transparency, data privacy, and quality standards” (‘8‘ www.astrixinc.com), so prompt templates can incorporate
checklist items (e.g. “mention validation gaps, data sources”).

« Labeling and Patient Information: The creation of package inserts and patient leaflets could be templated. For instance: “Draft patient-
friendly information on how to manage drug X overdose, ensuring no medical jargon.” Al can paraphrase technical info into lay terms.
Prompt libraries might have versions for full professional labels vs patient summaries, ensuring legal compliance phrasing is correct.

« Advertising and Promotional Review: Marketing content in pharma is highly regulated (FDA's advertising regulations, etc.). A useful
prompt example: “Review the following promotional text and list any potential compliance issues under [specific guideline].” Or: “Rewrite
this marketing script in a balanced manner, adding equal emphasis on risks.” Giri from Merck explicitly described such use: their teams
are “using generative Al during our review of marketing content to flag potential risks,” cutting review cycles dramatically ([2|
aws.amazon.com). A prompt library can formalize these review prompts so that compliance officers consistently check all required
points.

+ Legal and GxP Compliance Checking: Even beyond marketing, Al prompts can assist with general compliance monitoring. For
example: “Generate a checklist of key GxP compliance points relevant to [process X] based on recent regulatory guidance.” Or “Analyze
this SOP and identify any missing quality controls according to CFR 21 Part 11.” These templates help maintain audit-readiness. Industry

sources note that as regulations “increase in velocity and fragmentation,” Al can help track the evolving “rulebook” (1291

www.freyrregintel.com).

Industry Insight - Pharma Compliance Intelligence: The FreyrRegintel analysis observes that modern regulatory
intelligence combines Al scale with human judgment (°°! www.freyrregintel.com). For example, it reports that Al now
processes regulatory feeds at a scale no team could, but emphasizes that nuanced interpretation remains human. This
suggests prompt libraries should support, not replace, expert reviewers. For compliance tasks, templates may output
summaries or checklists, but final sign-off will require human review.

3.4 Manufacturing and Supply Chain

Manufacturing high-quality drugs and ensuring a robust supply chain involves planning, monitoring, and problem-solving.
Al can predict equipment failures, optimize schedules, and perhaps draft standard operating procedures (SOPS).
Adopting prompt templates in these domains focuses on translating data and operational parameters into actionable
insights.

« Predictive Maintenance and Production Scheduling: Pharmaceutic process equipment (bioreactors, ventilators, etc.) must be
meticulously maintained. An Al-powered workflow might generate maintenance schedules or identify anomalies. A prompt template could
be: “Analyze this sensor data for Reactor A and predict any upcoming maintenance needs within the next 30 days.” The Al output can
trigger work orders. Similarly: “Given production plan and resource constraints, propose an optimized schedule for drug X manufacturing
over the next quarter.” These prompts harness gen-Al’s ability to handle complex constraints.

« Quality Control Document Drafts: When issues arise (deviations, batch failures), QA teams must write reports. A prompt like: “Draft a
deviation report for an unplanned downtime event, including root cause analysis and preventive actions” could accelerate documentation.
Templates ensure that all necessary sections (e.g. investigation steps, impact assessment) are included. Some platforms allow Al to pull
from historical incident data to contextualize; prompt libraries specify the expected structure.

+ Regulatory Compliance in Manufacturing: Manufacturing steps are subject to regulations (e.g. cGMP guidelines). Prompts can aid
compliance tasks, e.g.: “List the main cGMP requirements relevant to tablet blister packaging” or “Summarize FDA findings from the last
inspection report.” These responses help prepare change-management documents. The Pharmamanufacturing article emphasizes that
integrating Al into analytics can “enhance product development operations and scheduling” ([31] www.pharmamanufacturing.com);
prompt templates here would frame those enhancements in operation-level language.
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« Supply Chain Forecasting and Logistics: Pharma supply chains are global and complex. Forecasting demand and managing inventory
are common pain points. An example prompt: “Using these historical sales figures for Drug Y, forecast demand for the next six months
with 90% confidence intervals.” Paired with statistical engines, an LLM can explain the output. Another template: “Identify potential
bottlenecks in the distribution network for Drug Z and suggest mitigation strategies.” The Al leverages textual reasoning on supply chain
principles. Indeed, ClickUp’s blog on pharma supply chain shows they have devised specialized prompts (e.g. analyzing delays,

summarizing trends ([32‘ clickup.com) ([33‘ clickup.com)) — a de facto prompt library for analysts.

Case Example - Manufacturing Modernization: The MoneyWeek report notes GSK'’s massive investment plan for US
manufacturing, explicitly incorporating Al: “introducing Al technology into their manufacturing across the States is part of
the plan” (°*! moneyweek.com). This indicates that manufacturing processes are a key use case. While details are
unpublished, one can infer applications like predictive maintenance and automated scheduling are in focus. Combined
with the PharmaManufacturing insight that “Al-inclusive advanced analytics” can drastically cut downtime and costs (P"”
www.pharmamanufacturing.com), we see a clear trend: prompt-driven Al tools will act as virtual advisors in factories.

In practice, pharma companies have started pilot projects in this domain. For example, ArisGlobal’s LifeSphere (a
PV/quality platform) and Saama’s CLDA analytics emphasize that generative Al allows user-driven queries in
manufacturing data (°°/ www.sciencedirect.com). These systems effectively implement prompt-like interactions: a QA
manager could use a prompt template to query historical batch records or compliance logs. Thus, integrating a prompt
library into manufacturing IT (often part of Industry 4.0 initiatives) can standardize how Al is asked about equipment,
batches, and quality, leading to smoother operations.

3.5 Commercial, Marketing, and Medical Affairs

In the commercial phase, pharmaceutical companies must educate healthcare providers (HCPs), engage payers, and
guide patients. Generative Al can support content creation, competitive intelligence, and personalized communications.
Prompt templates in marketing and medical affairs ensure that messages are accurate, on-brand, and compliant.

+ Medicall/Scientific Summaries: Medical affairs teams frequently summarize complex trial data or publications for stakeholders. A prompt
template could be: “Write a 200-word summary of the Phase Il results of Drug X trial, focusing on efficacy and safety outcomes.” The
model outputs a draft writen in scientific tone. Templates ensure inclusion of all key numeric results (e.g. hazard ratios, adverse event
rates). AstraZeneca and other companies often prepare such summaries for conferences and publications, and prompt scripting can
automate first drafts.

« Sales Training and Coaching: Al can generate briefing reports or quiz questions for sales reps. For example: “Create 5 multiple-choice
questions testing knowledge of [disease area] for new sales staff.” Or: “Outline the mechanism of action of Drug Y and its benefits in lay
terms.” Templates guide the style (technical vs layperson) depending on audience. These materials are subject to regulations, so prompt
libraries include instructions to adhere to approved messaging.

* Marketing Content Creation: Carefully controlled marketing language can be generated via prompts. A prompt might be: “Draft an email
newsletter to cardiologists introducing Drug Z, emphasizing its unique advantages and including the required safety information in a clear
way.” The Al produces draft marketing copy. In one example, Merck explicitly uses generative Al to review and flag marketing content for
regulatory compliance ([21 aws.amazon.com). While Merck’s use-case was review, one can also use creative prompts as long as outputs
are checked. Constance in tone and claims is enforced by template wording (e.g. “highlight mechanistic benefits” or “add disclaimer about
side effects at the end”).

« Patient Engagement Materials: Pharma also generates patient guides and educational content. Prompts such as “Explain how Drug X
works, in simple language suitable for patients with [condition], and address possible side effects.” can yield empathetic, accessible text.
Templates often include demographic or literacy level parameters. Al can personalize these further (e.g. adapting to patient age or co-
morbidities).

« Competitive Intelligence: Marketing teams track competitor moves. A prompt template: “Summarize recent developments of Competitor
Drug Q for breast cancer from news and clinicaltrials.gov.” This directs the model to compile a quick competitor landscape update. In the
AWS interview, Merck’s team indeed uses Al for competitive intelligence and market reporting ([23‘ aws.amazon.com). The prompt
library can codify how to frame such intel-gathering prompts, ensuring analysts consistently query the same sources and look for specific
details.
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Case Example - Merck’s Commercial Teams: As discussed in Section 3.2, Merck’'s commercial data scientists have
adopted generative Al for a range of tasks. In the AWS conversation, Suman Giri (Merck) said the “lowest hanging fruits”
for generative Al include knowledge mining from market reports (°* aws.amazon.com). He listed hyper-personalizing
content for healthcare providers as an exciting application (/) aws.amazon.com). This suggests prompt templates like
“Generate a customized summary of Drug Y for an oncologist focusing on [specific patient type].” He also noted Al will
help flag issues in marketing materials to comply with regulations (' aws.amazon.com). According to Giri, such techniques
can deliver “real benefit... in terms of efficiency and sales” (*) aws.amazon.com). These statements provide empirical
support that in practice, prompt-based Al is already enhancing commercial workflows at scale.

In summary, marketing and medical affairs heavily rely on text content, making them fertile ground for generative Al
assisted by prompt libraries. Templates capture approved messaging guidelines while speeding up content development.
Combined with Al review templates (for compliance checks), a prompt library ensures that promotional and educational
materials are produced both quickly and safely.

3.6 Pharmacovigilance and Safety Monitoring

Pharmacovigilance (PV) involves detecting and evaluating adverse events (AEs) from drugs. Al can accelerate the triage
and analysis of safety reports. While fully automated PV is complex, generative Al can assist with narrative generation
and signal detection. Prompt templates here might include:

« Adverse Event Narratives: When an adverse event is reported, safety officers must write narrative summaries. A prompt like “Draft a
concise narrative of the case described in this report, highlighting patient history, event timeline, and outcome” can auto-generate a first
draft. Templates ensure the narrative includes categories required for regulatory reporting (e.g. suspect drug details, resolution).

« Literature Monitoring: Firms continuously scan literature and media for safety signals. A template could be: “Summarize any reported
safety concerns about Drug X from the last 30 days of medical news and journals”. This yields a brief on wildfire new issues. Libraries
would store search parameters (e.g. “safety concerns”, “case report”) and formatting.

« Signal Triage: Al can help prioritize reported events. For example, a prompt: “Classify this adverse event report (provided text) by
seriousness level and action recommended” might be used. Templates constrain output to CDN definitions (serious vs non-serious).
Again, human review is required, but prompt guidance speeds up initial sorting.

There is limited published data on using gen-Al specifically for PV, but we infer unintentional uses: models like
ArisGlobal’s LifeSphere incorporate Al in PV workflows (°°! www.sciencedirect.com), and surveys note Al's potential for
“signal detection and adverse event summarization.” Given the heavy regulatory oversight in PV, a prompt library would
emphasize clarity and completeness to meet reporting standards.

4. Implementation, Data & Challenges

4.1 Adoption Metrics and Data Analysis

Several quantitative indicators underscore the growing adoption of Al and prompt-driven methods in pharma. We
summarize key findings:

Metric / Report Result Source
McKinsey global value projection $60-110 billion/year in pharma & medical value McKinsey (2024) ([lT] WWW. Iﬂckinsey, COn])
Life Sciences Al deployment (Gartner 2024) 43% of life-science firms have deployed AI/ML Gartner CIO Survey (2024) (l7J Www.astrixinc.com)
Al adoption survey (AIPRM prompt library stat) 53% of companies using Al report faster responses AIPRM Prompt Library site (‘ 6] vvvvvv.aiprm.com)
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Metric | Report Result Source

Pharmaceutical Al investment (GSK example) $30 billion plan, including $1.2B for Al in mfg MoneyWeek (2025) ([34] moneyvveek_com)

Marketing review time reduction (Merck report) Weeks — Hours reduction using Al AWS Merck interview (L2J aws.amazon.com)

Prompt library forecast (industry blog) <Multiple companies starting libraries in 2024-26> Code & Chats by Ken (2023) ([51 \/\/\/\/W.Codeandchats,com)

These data points illustrate that over half of companies integrating Al see concrete time savings (W www.aiprm.com), and
that life-science organizations are rapidly deploying ML tools (" www.astrixinc.com). McKinsey’s valuation underscores
that even modest percentage improvements in R&D and operations can translate into multi-billion-dollar impact (7!

www.mckinsey.com).

We should also note market indicators. Al-related biotech investments (e.g. Insilico, Recursion) have soared. NVIDIA's
CEO projected that generating “scientific Al agents” for drug research could redefine pharma R&D, implying a shift away
from purely experimental labs (*° www.axios.com). Major pharmas like Bayer and GSK publicly commit large budgets for
Al enhancements (°“ moneyweek.com) (°°/ www.axios.com). Government and academia are also funding Al-driven drug
discovery projects, signaling multi-sector consensus on its importance.

Critically, though, many of these figures come from forecasts or pilot reports. Efforts to systematically measure ROI of Al
in pharma are underway but still nascent. Several regulators have issued guidance acknowledging Al/ML, but clear KPIs
may remain decentralised within organizations. The survey evidence (Gartner, AIPRM) and anecdotal case studies
(Merck, AZ, Lilly) provide partial but persuasive support that current implementations of Al along pharmaceutical
workflows yield measurable benefits.

4.2 Best Practices in Prompt Library Construction

Drawing on industry experience, several best practices emerge for building effective prompt libraries in pharma:

« Start with High-Impact Use Cases. Companies often begin with pilot tasks where generative Al seems immediately beneficial. For
instance, document summarization or drafting repetitive content are common starting points. The AWS/Merck interviews suggest they
targeted knowledge mining and content review first (L23J aws.amazon.com) (LZJ aws.amazon.com). A prompt library may initially include
just a few templates (e.g. “Clinical Summary,” “Regulatory Compliance Check”), then expand iteratively.

+ Combine Human and Technical Perspective. Prompt design should involve both domain experts and Al specialists. As Rune
Bergendorff points out, teams need “training in identifying good use cases” and then “training in prompt engineering” ([4]
www.biospace.com). A best practice is to co-locate pharmacists, scientists, or clinicians with prompt engineers when creating templates.
This ensures prompts reflect real-world context (medical terminology, regulatory nuance) and are technically optimized (token efficiency,
clarity).

« Iterate with Feedback. Templates must be iteratively refined. After drafting a prompt, users test it against real inputs and refine wording
based on shortcomings. Capturing variants and storing them in the library builds its robustness. For example, early trials might reveal that
certain outputs are hallucinating; engineers can then add constraints (“Do not invent data”) to the template. This iterative templating
mirrors software development cycles.

« Integrate External Knowledge Bases. Many pharma prompts rely on up-to-date data (e.g. guidelines, literature). Linking prompts with
internal databases (clinical trial registries, chemistry libraries) enhances accuracy. Some organizations build middleware that feeds
relevant documents into the prompt’s context automatically. A template might include a variable for “ [supporting-documents]” where the
system supplies recent guidelines text. ArisGlobal’s LifeSphere and other platforms exemplify this approach (L35J
www.sciencedirect.com).

« Governance and Versioning. As with any important resource, prompt templates should be version-controlled and reviewed. A central
team (e.g. digital transformation office or Al governance board) might approve templates before deployment. Libraries should record
when a prompt was last updated and by whom, enabling audits. This is particularly crucial for compliance-related prompts (e.g. those
generating patient instructions).
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« Training Non-Technical Users. Realizing a prompt library’s value requires user adoption. Staff should be trained on selecting the right
template and correctly filling its fields. UX design (e.g., web forms for templates) can help non-Al experts use the library through simple
interfaces rather than raw text. Documentation and examples in the library itself are essential. Given the complexity of pharma tasks,
some user education on how to phrase prompts is generally needed.

Implementations will vary by organization. Some may use spreadsheets or SharePoint lists; others employ specialized
LLM platforms or custom apps. The key is that the library becomes the standard operating procedure for Al interactions.
By following these best practices, companies can transition from ad-hoc “Al experiments” to a scalable, controlled
generative-Al strategy.

4.3 Technical and Regulatory Challenges

While the potential is large, significant challenges accompany Al prompt tools in pharma:

« Data Privacy and Security. Pharmaceutical data (R&D pipelines, patient records) is highly sensitive. Sending it to public LLMs poses
confidentiality risks. Thus, many organizations insist on private or on-premise Al solutions. Even within secure environments, access
controls and encryption are mandatory. Prompt libraries should not lead to unintentional data leaks (e.g. a prompt accidentally revealing
proprietary compound data). Workflow integration must respect HIPAA, GDPR, and other rules where applicable.

¢ Quality and Compliance. LLMs can “hallucinate” plausible but false information. This is unacceptable in many pharma contexts. One
must always verify Al outputs against sources. Internal QA must include checking Al-generated content against known data. For example,
if an automated protocol draft includes a timeline, humans must ensure it matches feasibility. Prompt templates help by explicitly
instructing caution (e.g. “If unsure, say so”), but oversight remains critical. Regulatory bodies have begun giving guidance on Al in
healthcare — for instance, FDA's emergent frameworks — meaning companies must track evolving compliance requirements for Al use.

« Explainability and Auditability. Pharma decisions often must be justified to auditors or regulators. Black-box Al outputs are problematic.
Some firms address this by coupling LLM prompts with rationale outputs (“Chain-of-Thought”). Logging becomes crucial: every Al-
generated piece (and its prompt) should be stored so reviewers can trace how a conclusion was reached. Prompt libraries should include
template fields for justification, and output should cite sources when possible. The AstraZeneca legal officer advising teams to be “explicit”
when Al is uncertain is an example of embedding such caution into processes.

+ Model Limitations and Domain Fit. General LLMs (like GPT-4) have impressive breadth but may lack deep specialized knowledge. For
highly technical chemical computation, a language model may not match purpose-built chemistry engines. Therefore, it is wise to fine-
tune models on pharma corpora or use hybrid systems combining LLMs with computational tools. Prompt libraries can account for this by
directing the model appropriately (e.g. “Use only the provided reference material, do not assume outside knowledge”) or by channeling
prompts to specialized sub-models.

« Cost and Integration Complexity. Running large models, especially on private clouds, is expensive. Organizations must consider cost-
benefit: high-frequency prompts (like summarizing Google news daily) might use lighter models, while critical tasks (regulatory writing)
justify more compute. Integration with existing IT systems (LIMS, ERP, document management) requires significant engineering. Prompts
often need context (e.g. patient-specific info), so connectors must securely fetch that data. A prompt library should ideally be part of a
larger Al workflow orchestration that handles data flows and model selection under the hood.

These challenges underscore why a thoughtfully designed prompt library (with clear processes and oversight) is
necessary. Without structured templates, users might slip and abuse Al, compounding these risks. With templates, one
can bake in compliance instructions and safe default behaviors. For example, a library prompt for generating patient
directions might include polite disclaimers and only allow factual content. In all cases, ongoing monitoring (like human-in-
the-loop review metrics, error rates, and user feedback) is essential to ensure the system'’s reliability and safety.

4.4 Tools, Platforms, and Ecosystem

Pharma organizations can leverage various technology platforms to implement prompt libraries:
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« LLM Platforms and APIs. Cloud providers (OpenAl, Anthropic, Google, AWS) now offer enterprise-grade LLM APIs with administrative
controls. These allow integration of prompt templates within custom applications. Many companies also explore open-source LLMs
(LLaMA, GPT-NeoX) on private servers to keep data in-house. Prompt libraries can be built using these APIs with role-based access.

 Prompt Management Tools. Some startups and open-source projects focus on prompt engineering and libraries. For example, AIPRM
provides thousands of community prompts (though not pharma-specific) ([G] www.aiprm.com). Tools like Promatly Al or PromptFluent
offer in-app prompt templates. Pharma firms might adopt such tools if they comply with security requirements. A custom approach often
seen is building an internal wiki or knowledge base (e.g. Confluence, SharePoint) with categories of prompts.

« Al Agents and Workflow Automation. Modern Al agents (such as GPT-4 connected to plugins) can follow multi-step workflows. The
IntuitionLabs report distinguishes between “Al workflows” (predetermined sequences) and flexible “Al agents” that act on an initial prompt
autonomously ([13] intuitionlabs.ai). In a prompt library context, a workflow might chain several templates: e.g., / one prompt
summarizing a document, followed by another prompting analysis of that summary. Tools like Microsoft's Power Automate and others are
beginning to integrate LLM prompts into business workflows, which pharma IT teams can leverage.

« Validation and Compliance Modules. For regulated industries, platforms may need built-in governance. Some vendors (like ArisGlobal,
FreeMed) are introducing Al modules specifically for pharma. For example, TrialAssure’s generative Al tool was upgraded to aid creation
of scientific documents ([37] www.biospace.com). These domain-specific platforms often include curated prompt libraries for clinical and
regulatory writing tasks, with compliance checks baked in.

+ Collaboration with Experts. Finally, many companies partner with Al consultants and labs to bootstrap prompt libraries. For instance,
academic research projects (like the MDPI prompt engineering tutorial (HZJ www.mdpi.com)) can be adapted for internal training. Within
LinkedIln communities and professional forums (like pharma & Al groups), practitioners share insights on effective prompts. These
communal resources, while not formal references, inform the collective knowledge of prompt design.

In choosing tools, the priorities are security, controllability, and integration ease. The prompt library itself can reside in any
system, but its usage must be logged and secured, and it should connect smoothly to actual LLM engines. Many pharma
digital transformation teams now include “prompt taxonomy” as part of their Al governance frameworks.

5. Future Directions and Implications

Generative Al and prompt engineering in pharma are at an early but accelerating phase. Looking ahead, several trends
will shape how prompt libraries evolve:

o Multi-Agent and Autonomous Systems. Simple single-prompt interactions may give way to Al agents that perform sequences of
actions toward a goal. For example, a prompt could begin “Develop a Phase Il study plan for Drug X,” and the Al agent might iteratively
generate protocols, amend based on regulatory constraints, and propose patient enrollment strategies without further human prompting
(aside from approvals). This vision, alluded to by IntuitionLabs (2026 as “year of the agent” (HSJ intuitionlabs.aly), requires libraries of
prompts representing stages of a complex workflow.

« Conversational Prompting and Memory. Future workflows may preserve context between prompts (chat history or knowledge
memory). In a trial design, a prompt library might use a conversational agent that remembers prior answers (e.g. the drug mechanism
established earlier) when generating new sections. This chaining extends beyond static templates; it implies building toolchains of
prompts where outputs feed later prompts. Systems like GPT-4’s “long-term memory” could augment this.

« Customization and Fine-tuning. Prompt libraries will coexist with fine-tuned models. Pharmaceutical organizations may fine-tune LLMs
on their own documents (corpora of trial reports, SOPs, past approvals). This will change how templates are written: prompts can assume
a certain style or knowledge. For instance, a template might no longer need to specify the structure of a protocol, because the model
already learned that style. We will likely see pharma-specific LLMs (analogous to “GPT-Pharma”) where prompt engineering focuses
more on variable inputs than on raw instructions.

« Regulatory Integration. Regulators themselves may publish Al-friendly formats for guidance. Prompt libraries might incorporate direct
links to regulatory databases. We may also see official standards for prompt-based procedures (e.g. EU Al Act tracking, FDA Al model
transparency guidelines). Pharmaceutical Al experts will need to update prompt libraries to align with evolving frameworks (such as future
FDA guidance on Al-generated content).
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« Ethical and Bias Considerations. As more patient-facing content is generated (e.g. chatbots for patient support), prompt libraries must
handle issues of bias, privacy, and consent. For example, prompts that assist patient queries must be tested to ensure they do not
inadvertently reveal private health logic. We may see guidelines on bias-mitigation steps encoded in library prompts.

* Quantitative Monitoring. Advanced analytics will be applied to library usage. Organizations will track which prompts are used most,
which generate problematic outputs, and user satisfaction. Al itself could analyze the success of certain prompt phrasings over time,
suggesting library updates.

Overall, the implications of this technology for pharma are profound. On the positive side, it can democratize expertise
(non-experts get guided answers), alleviate workloads, and accelerate innovation. On the cautionary side, it requires a
cultural shift: pharmas must adopt more iterative, experimental approaches in areas traditionally dominated by static
SOPs. Documenting Al-driven decisions in patient care or drug recommendations will raise accountability questions. As
Jennifer Doudna (pioneering CRISPR) once noted about technology adoption, “societies must be poised... for
responsible application.” In pharma, that means coupling prompt libraries with rigorous oversight and ethical governance.

Tabular Summaries

Table 1. Example Prompt Templates for Pharma Workflows

Workflow Category Example Prompt Template Intended Output | Use Case

“Suggest five novel small-molecule drug candidates targeting \ [disease/pathway] with Generates candidate molecules and rationale to inspire further study ([201
Drug Discovery & R&D molecular weight <500 and logP between 1-3. Provide IUPAC names and brief [17]

rationale for each.” www.sciencedirect.comy ! www.mckinsey.com,.

’ S 1]
“Design a Phase | trial protocol for a new oncology drug in patients with [cancer type]. ~ Produces a structured draft protocol outline to expedite trial planning (

Clinical Trial Design . . - . . ) o
Include objectives, endpoint definitions, eligibility criteria, and sample size estimation.” moneyvveek com)

9
“Summarize the latest FDA guidance on rare pediatric disease drug approval in bullet = Provides clear action items from guidance, aiding compliance. (l I

Regulatory Affairs . I : .
points, highlighting any changes from previous versions.”

www.freyrregintel.com)

R N “Analyze the production data for Batch #X and identify any deviations from expected ) . . )
Manufacturing & Quality . . . Flags out-of-spec results and potential causes, guiding QA investigations.
quality metrics. Suggest possible causes.”

Supply Chain & “Based on the last 5 years of sales data for Drug Y, forecast next quarter's demand with . L . . . .
o . . ) ) Delivers demand forecast and highlights risk points for inventory planning.
Logistics confidence intervals. Identify the most significant supply bottlenecks.”

[2]

“Draft a 150-word marketing email to cardiologists introducing Drug Z, emphasizing its Creates compliant marketing copy for HCP outreach (

CommerciallMarketing . . . ) . .
mechanism of action and including necessary risk information.”

aws.amazon.com,.

Medical Affairs | Patient “Explain how Drug Z works in simple terms for a patient, and list common side effects in . . o )
Generates a patient-friendly drug description and side effect list.
Info lay language.”

Table 2. Industry Case Studies of Al Prompted Workflows

Organization &

N Al Application (Prompt Use) Impact | Outcome Source
Domain

2 2
. Use generative Al to review and flag marketing content; draft Marketing review time cut from weeks to hours ([ ‘ Merck interview (AWS) ([ ‘
Merck (Commercial) HeP icati
communications
aws.amazon.coimy; improved content compliance. aws.amazon.comy

o . 1
Al-assisted drug discovery: mining literature, proposing drug Accelerated research pipeline; Al “applied throughout discovery and  poneyweek / AZ executive ([ ]

AstraZeneca (R&D) o . [
targets, optimizing trial plans development” ( moneyvveek.com)_ moneyweek.com)
Eli Lilly (Tech & Developing an Al supercomputer to generate “scientific Al Muld bllllungo\lar R&D initiative; signals shift to Al-driven research Axios (NVIDIA CEO) (
R&D) agents” for planning experiments and improving manufacturing  platforms (Lﬂ WWW. axios,com)_ WWW.axios.com,
. . ’ . 34
GSK Incorporating Al in manufacturing processes and plant $30B upgrade plan including $1.2B for Al-enabled manufacturing MoneyWeek (GSK plan) (l ]
(Manufacturing/IT) operations as part of a major investment ([34] moneyweek.com). moneyvveek com)

These cases underscore the breadth of prompt-driven Al uses: from content generation (Merck) to computational drug
design (AZ) to Al infrastructure (Lilly) and smart manufacturing (GSK). Each has seen either concrete reported results
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(e.g. time savings) or strategic commitments reflecting high expectations.

6. Future Directions and Implications

The convergence of Al and pharmaceuticals will continue evolving rapidly. Some anticipated developments include:

« Advanced Al Agents: We may see LLM-based Al agents that autonomously navigate complex workflows once given an initial directive.
For instance, a prompt might set “Develop a complete drug launch plan,” and the agent iteratively creates market analyses, regulatory
checklists, and promotional materials. This sort of multi-step automation would be a natural extension of current prompt libraries.
IntuitionLabs notes that an Al agent can “continue working without constant human prompts” after an initial goal (”3J intuitionlabs.ai).
Pharma firms should start preparing by mapping entire processes into reproducible steps and anticipating which prompts players can
safely automate.

« Integration with Structured Data: Future systems will more seamlessly blend generative text with numeric data. For example, a prompt
might retrieve real-time assay results or patient vitals from a database as part of its input context. Vaccine and antibody development
pipelines (accelerated during COVID-19) are already piloting Al that reads lab results to suggest next experiments. As electronic health
records and loT sensors proliferate, prompt libraries will need templates that specify how to incorporate such live data (e.g. “Use the
newest batch-release metrics to evaluate yield variance”).

+ Customized Models (“PharmaGPTs”?): Major tech players and life-science companies are likely to release domain-tuned LLMs. For
instance, a “PharmaGPT” built on PubMed, clinical trial, and chemical patent corpora could offer superior baseline knowledge. In that
future, prompt libraries could become more concise (the heavy domain context is absorbed by the model), focusing instead on format and
intent. However, even with specialized models, prompt phrasing remains critical for extracting the needed information. Organizations
investing now will have suitable libraries ready when specialty models arrive.

+ Regulatory Frameworks and Standardization: Regulators are slowly adapting to Al. We will likely see formal guidelines on Al-aided
content and software as a medical device (SaMD) that affect how Al can be used in drug development and healthcare. In prompt libraries,
this may crystallize into mandated formats (e.g. requiring an Al-derived report to always include a “methodology” section or a “disclaimer
clause”). Pharma companies should engage with regulatory bodies to shape feasible standards (analogous to how clinical trial protocols
follow ICH harmonization).

« Ethical and Social Implications: Patient trust is paramount. If Al interfaces with patients (virtual assistants, symptom checkers, etc.),
industry ethics policies will emerge. Prompt templates in these interfaces might include safety measures like “always recommend
consulting a physician for medical advice”. Pharma companies will need to ensure their prompt strategies align with emerging Al ethics
(transparency, privacy, non-bias).

« Continual Learning and Update Cycles: The knowledge captured in a prompt library must be kept current. As medical knowledge and
regulations change, prompts should be reviewed periodically. Al itself may aid this: future systems might analyze which templates are
underperforming and suggest updates. Imagine a “prompt librarian” Al that flags an outdated guideline in a regulatory prompt and
proposes a revision. Experimentation in this self-improving direction is already visible in machine learning research on prompt tuning.

In the long run, the implications are transformative. Well-managed prompt libraries will become part of the core
intellectual property of pharmaceutical enterprises. They encapsulate the interplay between human expertise and Al,
ensuring that generative tools act as amplifiers of expert knowledge rather than unreliable shortcuts. As technology
matures, the line between Al-generated content and human work will blur; the key will be that the prompt library remains
the guardian of accuracy, relevance, and compliance.

Conclusion

Al prompt template libraries represent a powerful methodology for scaling generative Al across pharmaceutical
workflows. By systematically capturing and reusing tailored prompts, pharmaceutical organizations can maximize
productivity gains while mitigating the risks inherent in unstructured Al use. This report has provided a comprehensive
analysis of how such libraries can be designed and applied — from drug discovery to marketing — always rooting claims in

18]

current data and expert perspectives (¢l www.mckinsey.com) (7 aws.amazon.com).
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We have seen that generative Al is already reshaping pharma: from AstraZeneca’s R&D pipelines (accelerating “turning
science into medicine” () moneyweek.com)) to Merck’s marketing reviews (cutting weeks to hours (%! aws.amazon.com)).
Prompt engineering is a linchpin of these successes. Building robust prompt libraries is not merely a technical task but a
strategic imperative, embedding domain rules and organizational know-how into Al workflows. The depth of references
here — including McKinsey’s multi-billion-dollar estimates (I*”) www.mckinsey.com), academic studies of prompt engineering
(2 www.mdpi.com) (%% www.mdpi.com), and industry interviews (1% aws.amazon.com) (*! www.biospace.com) —

demonstrates the broad consensus on both promise and caution.

We conclude that companies must treat prompt template libraries as living systems: constantly updated, governed, and
integrated with human expertise. As the technology evolves toward multi-agent autonomy and ever-lower-latency models,
a strong foundation of well-crafted prompts will ensure that pharmaceutical workflows benefit safely from Al innovation.
Collaboration between IT, regulatory, and scientific teams will be key. The next decade will likely see generative Al
becoming as routine in pharma as spreadsheets and lab automation tools are today — and prompt libraries will be how
firms ensure this powerful new capability delivers on its potential.

Sources: This report is based on an extensive review of literature, industry reports, and expert interviews (*°
www.mckinsey.com) (I moneyweek.com) (%) aws.amazon.com) () www.biospace.com) (2% www.sciencedirect.com) ([
www.freyrregintel.com) (7% aws.amazon.com) (see inline citations for details). All claims regarding Al capabilities, adoption
rates, and case examples are supported by the cited references.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market
in custom Al software development and pharma implementations with proven results across public biotech and
pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and ERP
systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al infrastructure
for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion, automated
document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field force
applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and automated
customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data
visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and implementation
guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no representations
or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or availability of the information
contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be liable
for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or damage whatsoever arising
from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated content may
contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of their
respective owners. All company, product, and service names used in this document are for identification purposes only. Use of these
names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and biotech
companies. As the premier US-based Al software development company for drug development and commercialization, we deliver
cutting-edge custom Al applications, private LLM infrastructure, document processing systems, custom CRM/ERP development, and
regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al expert and multiple-exit founder with 20 years of software

development experience and patent holder, based in the San Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs, please consult
with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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