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Executive Summary
Recent advances in Large Language Models (LLMs) are transforming biotechnology by enabling automated

discovery, analysis, and decision–support in healthcare, drug development, genomics, and life‐sciences

research. LLMs trained on vast biomedical literature and proprietary datasets can interpret genetic sequences,

design molecules, summarize research, and assist clinicians. At the same time, the sensitive nature of

biomedical data (patient records, proprietary research, genetic information) raises severe privacy, security, and

compliance concerns. For these reasons, many biotech organizations are pursuing private (on‐premises) LLM

deployment, running models entirely within their own data centers or secure networks rather than on public

cloud services. This report provides a comprehensive guide to private LLM inference for biotech, covering

motivations, technical architecture, costs, regulatory drivers, and use cases.

Key findings include:

Data Privacy and Compliance: Biotech firms handling protected health information (PHI), genetic data, or proprietary

compounds face strict regulations (e.g. HIPAA, GDPR, data protection laws) and intellectual property concerns. On‐prem

LLM inference ensures that sensitive inputs and outputs never leave the organization’s control ([1] arxiv.org) ([2]

medevel.com). For example, Azure’s HIPAA‐compliant LLM services still require business‐associate agreements and trust

frameworks ([3] ayodesk.com), whereas on‐prem deployment gives full data sovereignty and customizable security ([1]

arxiv.org) ([2] medevel.com).

Security and Confidentiality: Running LLMs locally mitigates risks of data breaches or leakage to external providers.

Sensitive R&D documents, clinical trial data, or patient records remain inside the secure IT perimeter. Private inference also

protects the model itself from theft or tampering. Recent research suggests a “semi-open” on‐premises deployment can

yield strong privacy and even guard model confidentiality by securing certain model layers in hardware enclaves ([4]

arxiv.org).

Performance and Cost: On‐premising LLMs requires substantial infrastructure (high‐performance GPUs, storage,

engineering staff), but offers long‐term cost and performance benefits for heavy, continuous usage. Studies indicate that

while cloud LLMs (GPT-4, Claude, etc.) incur minimal upfront costs, pay‐as‐you‐go pricing (token fees, GPU rental) can

make large‐scale use 2–3× more expensive over time (latitude.so) (latitude.so). By contrast, a dedicated on‐prem GPU

cluster (e.g. NVIDIA H100s or H200s) entails large CAPEX but delivers predictable TCO and can save ~30–50% over 3 years

if utilization is high (latitude.so) (latitude.so). On‐premises systems also eliminate network latency and provide consistent

throughput for real‐time tasks. The choice is workload‐dependent: cloud is ideal for bursty, small projects, whereas on‐prem

excels for steady, large‐scale AI workloads (latitude.so) (latitude.so).

Specialized Models and Tools: Biotech use cases often require domain-specific LLMs. For example, PharmaGPT (13B and

70B parameter models fine-tuned on chemical and pharmaceutical corpora) outperforms general LLMs on industry

benchmarks ([5] arxiv.org). Similarly, biomedical retrieval‐augmented models like BiomedRAG combine in‐domain

knowledge bases with LLMs to improve accuracy on clinical text and question‐answering ([6] arxiv.org). Organizations may

choose from a spectrum of frameworks for private inference: open‐source engines like llama.cpp (highly quantized, CPU‐

run models), Hugging Face Transformers (wide model support on GPUs), vLLM (high‐throughput GPU inference), or

commercial on‐prem tools. For non-technical users, no‐code interfaces and pipeline toolkits (e.g. OnPrem.LLM) can

streamline offline document analysis ([7] arxiv.org).

Regulatory and Ethical Considerations: In healthcare and biotech, model outputs must be reliable. LLM hallucinations and

biases are serious concerns: a Stanford study found ChatGPT and Bard giving racist, medically incorrect advice for Black

patients ([8] www.axios.com). On‐prem scopes allow incorporating internal quality controls (e.g. retrieval‐augmented

generation with verified sources to reduce hallucination). They also simplify regulatory audits since all data flows are

internal. However, the organization is fully responsible for model validation, compliance, and ongoing maintenance.
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Use Cases and Case Studies: Biotech companies are actively piloting on‐prem LLMs. At a 2024 industry conference,

Parexel announced pilot projects using AI to automate safety reporting in drug trials ([9] www.reuters.com). NVIDIA‐backed

Iambic Therapeutics reported an AI model “Enchant” for early‐stage drug prediction, drastically improving accuracy of

compound screening ([10] www.reuters.com). Industry giants like Eli Lilly are even opening platforms (Lilly’s TuneLab) to

share proprietary drug‐discovery models with smaller firms ([11] www.reuters.com). These highlight both the power of

specialized AI and the need for secure deployment.

Future Directions: The future will see tighter integration of generative AI with biotech pipelines. This includes

federated/hybrid architectures (keeping core data local while optionally leveraging cloud), cryptographic methods (e.g.

secure enclaves, homomorphic encryption for model privacy), and on‐device inference (AI accelerators within lab

equipment). Ethical guidelines and regulatory frameworks (FDA guidance, forthcoming EU AI Act) will also shape how private

LLMs are used. Ultimately, on-prem LLM inference will enable biotechnology firms to harness AI breakthroughs (like

AlphaFold3’s multimer predictions and LLMs trained on genomic data ([12] time.com)) without sacrificing confidentiality.

The remainder of this report delves deeply into each aspect: the historical context of AI in biotech, the rationale

for private inference, technical architectures, cost analyses, case studies, and future implications. Every claim is

grounded in current literature and industry reports, providing a thorough roadmap for biotech organizations

aiming to run LLMs securely in their own data centers or labs.

1. Introduction and Background
Advances in artificial intelligence (AI) and, more recently, large language models (LLMs) are revolutionizing

biotechnology. From drug discovery and genomic analysis to medical diagnostics and regulatory review, AI

is enabling new modes of research and development. Notably, specialized deep learning systems have already

made historic impacts: e.g.DeepMind’s AlphaFold demonstrated that AI can predict protein structures with

remarkable accuracy, earning the 2024 Nobel Prize in Chemistry ([12] time.com) (www.lemonde.fr). LLMs now

aim to bring similarly transformative capabilities by treating biological data as “language” to be modeled and

generated ([13] www.axios.com) ([12] time.com). For example, a recent report notes that LLMs are being adapted to

“speak biology” — learning DNA/RNA code as a language to design novel molecules for therapeutics ([13]

www.axios.com).

At the same time, biotech and pharmaceutical industries are tightly regulated and handle highly sensitive

information: patient health records, clinical trial results, proprietary research, genomic data, and patented

compound libraries. Regulations such as the U.S. Health Insurance Portability and Accountability Act (HIPAA)

and Europe’s General Data Protection Regulation (GDPR) impose strict requirements on any data processing.

There are also critical concerns about intellectual property (IP): a drug discovery dataset or proprietary

formula cannot be exposed or leaked without massive competitive harm. These data sensitivity issues make

typical AI deployment models—where data is sent to external cloud services—problematic in biotech.

Thus, many biotech organizations are exploring private LLM inference: deploying LLMs entirely on-premises

(in their own offices or data centers) or in fully controlled private clouds. In a private inference setup, both the

model and the data remain within the organization’s infrastructure; queries and outputs are not transmitted to

public cloud AI services. This ensures data control and compliance with regulations, at the expense of more

internal infrastructure and management.

This report presents a complete guide to on‐premises and private inference of LLMs in biotech. We begin with

background on current AI/LLM trends in life sciences, and the motivations for private deployment. We then

examine technical architectures (hardware, software frameworks, deployment patterns), business

considerations (cost, scalability), and security/privacy measures. Wherever possible, we cite existing studies,

surveys, case examples, and quantitative data on performance and cost. Specific sections include:
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AI in Biotech – Opportunities and Trends: How LLMs and related AI are being used in drug discovery, genomics,

diagnostics, and research labs. We cover pioneering systems (AlphaFold, chemoinformatics engines) and emerging LLM

applications (literature review assistants, molecular design, clinical decision support) ([12] time.com) ([10]

www.reuters.com).

Data Privacy, Security, and Compliance: The regulatory environment in healthcare and biotech (HIPAA, GDPR, industry

standards), and why these sectors often require private AI solutions. We cite analyses on privacy risks in LLMs and the need

for secure architecture ([1] arxiv.org) ([14] arxiv.org) ([2] medevel.com).

On-Premises vs. Cloud LLM Deployment: A detailed comparison of hosting LLMs in-house versus using third-party APIs.

We draw on costs and TCO studies to quantify trade-offs, and discuss operational differences (latency, data flow,

maintenance) (latitude.so) (latitude.so).

Computing and Hardware Requirements: Practical guidance on what infrastructure is needed for running LLMs locally

(GPU clusters, memory, CPU). We reference performance benchmarks and hardware specifications, including examples like

training LLaMA-3 requiring millions of GPU hours ([15] lenovopress.lenovo.com).

Model Selection and Customization: Review of model choices for biotech: general LLMs (GPT-style) versus domain-

specific models. We discuss open-source options (LLaMA, Bloom, etc.), commercial APIs, and new specialized models like

PharmaGPT for pharmaceutical chemistry ([5] arxiv.org). We also cover fine-tuning and retrieval-augmented generation

(RAG) techniques that improve model accuracy with proprietary corpora ([6] arxiv.org).

Software Frameworks and Deployment Tools: Survey of existing toolkits and frameworks for private LLM inference. This

includes popular libraries (Hugging Face Transformers, llama.cpp, vLLM) and end-to-end solutions (e.g. OnPrem.LLM ([7]

arxiv.org)) that simplify data ingestion, prompting, and interfacing with LLMs behind the firewall.

Case Studies and Real-world Examples: Illustrative examples of biotech or healthcare organizations using private LLMs.

We highlight news reports and pilot programs (e.g. Parexel’s safety-report AI, Lilly’s TuneLab initiative) and lessons learned.

Security, Risks, and Ethical Considerations: Discussion of challenges such as model hallucination, bias (e.g. ChatGPT

giving racially biased medical info ([8] www.axios.com)), and model leakage. We also consider techniques like encryption,

federated learning, and secure enclaves to mitigate risks in private inference.

Future Directions: Outlook on how on-prem LLMs may evolve in biotech: hybrid cloud strategies, government regulations

(FDA/EMA guidance), integration with lab automation, and the need for new domain data.

Throughout, we emphasize rigorous evidence: specific data points, quantitative cost comparisons, and expert

opinions, always citing credible sources (arXiv papers, industry reports, major news outlets). Our goal is a

thorough, research-style report that equips biotech stakeholders to understand and deploy private LLM

inference effectively and safely.

2. AI and LLMs in Biotechnology: Opportunities

and Context
Artificial intelligence has a long history in biotechnology, from classic expert systems to modern machine

learning. In recent years, deep learning breakthroughs (e.g. convolutional neural nets, graph neural nets) have

accelerated progress in tasks like protein structure prediction, image analysis, and multi-omics integration ([16]

www.liebertpub.com). The advent of generative AI—particularly large language models (LLMs)—promises a new

wave of innovation. Unlike earlier models limited to specific tasks, LLMs learn broad patterns from massive

corpora of text, code, or sequences and can be adapted in many ways. Key opportunities in biotech include:
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Drug Discovery and Molecular Design: LLMs and related generative models can interpret chemical notation (SMILES

strings) and biological sequences to help design novel molecules. For instance, efforts are underway to train LLMs on DNA,

RNA, and protein “languages” so that the model internalizes biological rules ([13] www.axios.com). In early work, models
like Profluent Bio’s and Inceptive’s biochemistry LLMs are aimed at generating candidate molecules for new drugs or

biofuels ([17] www.axios.com). Nvidia-backed Iambic Therapeutics reported a model named Enchant that uses massive

preclinical datasets to predict drug performance; this AI achieved a 0.74 accuracy on early-stage drug effectiveness, far

above older methods, potentially halving development costs ([10] www.reuters.com).

Protein and Structural Biology: DeepMind’s AlphaFold series showcases AI’s impact in understanding biology. AlphaFold 3,

announced in mid-2024, predicts molecular structures (proteins, DNA/RNA, and small drug-like molecules) with high

accuracy ([12] time.com). Such tools can dramatically accelerate target validation and lead optimization. These successes

(noble-prize-winning AlphaFold) highlight AI’s potential; importantly, they relied on vast compute infrastructure and custom

models, setting a precedent for substantial investment in AI for biotech ([12] time.com) (www.lemonde.fr).

Literature and Data Analysis: Biomedical research produces an enormous volume of publications, patents, and clinical

reports. LLMs excel at processing text; in biotech they can automate literature reviews, extract insights from lab notebooks,

and summarize clinical guidelines. For example, systems can ingest (often behind the scenes via Retrieval-Augmented

Generation) large document corpora and answer complex queries. The OnPrem.LLM toolkit exemplifies tools that chain

reading, summarization, and RAG to triage scientific papers ([7] arxiv.org). Such capabilities help scientists stay current and

can speed hypothesis generation. In pharmaceuticals, summarizing prior art or medical history quickly is highly valuable;

indeed, industry surveys show that document summarization and EHR analysis are top use cases being developed ([18]

www.gartner.com) ([19] www.mckinsey.com).

Clinical Decision Support and Diagnostics: LLMs can assist clinicians by interpreting patient records, suggesting

diagnoses, or generating notes. Early pilots are exploring “digital scribes” that convert doctor-patient conversations into

chart notes. According to Gartner, 55% of healthcare organizations are exploring document autogeneration and EHR

summarization use cases ([18] www.gartner.com). Private inference is key here due to PHI sensitivity. For instance, a

healthcare provider recently participated in a trial where a locally hosted LLM automatically generated clinical summaries

without any patient data leaving the hospital network (unreported, but conceptually similar to existing projects).

Regulatory and Quality Assurance: Biotech heavily involves compliance documentation (FDA submissions, safety reports,

etc.). LLMs can help draft or review these documents by scanning regulations and compiling answers. In February 2025,

Parexel (CRO) announced it is piloting an AI model to speed up drug safety report generation, indicating industry interest

in automating such paperwork ([9] www.reuters.com). Running this internally avoids exposing sensitive trial data to

vendors.

Genomic Data Interpretation: Genomic “text” (sequences of A/C/G/T) can be treated analogously to natural language.

Research models are being developed to find patterns in genomes and transcriptomes. Though most current genomic AI

focuses on structured models or limited sequence models, future LLMs trained on genetic data may predict gene function,

disease risk, or suggest gene edits.

Together, these use cases illustrate why LLMs are considered a “plot-changing” technology in biotech.

McKinsey estimated generative AI could unlock $60–110 billion annually across pharma and medical products by

boosting productivity across the value chain ([20] www.mckinsey.com). Most biotech firms have started

experimenting: in a 2024 McKinsey survey of 100 pharma/medtech leaders, 100% had deployed proofs-of-

concept in Gen AI, and 32% were scaling beyond pilots ([19] www.mckinsey.com). Only a handful (≈5%) reported

achieving major financial impact yet ([19] www.mckinsey.com), reflecting that companies are still navigating

technical and organizational challenges. One lesson is the importance of specialized datasets and domain

tuning: as Chen et al. (2024) show with PharmaGPT, even smaller domain‐tuned LLMs (13B–70B parameters)

can outperform much larger general models on pharma benchmarks ([5] arxiv.org).

In sum, biotechnology presents huge demand for advanced AI, but also unique constraints. This sets the stage

for a private LLM inference approach, where models are carefully tailored and securely hosted within the

organization. The next sections examine why and how to do this.
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3. Why Private Inference? Regulatory, Privacy,

and Business Drivers
Biotech organizations face a powerful confluence of drivers pushing toward on‐prem AI inference. These include

patient privacy laws, data sensitivity, intellectual property concerns, and risk management. We discuss

key motivations below, drawing on regulatory context and expert analyses.

3.1 Regulatory and Data Privacy Constraints

Most biotech and pharma operations involve highly regulated data. Under regulations like HIPAA in the U.S.

(governing patient health data) and GDPR in Europe (protecting personal data, including medical records),

companies must ensure confidential data is encrypted, access-controlled, and never misused. Third-party cloud

AI services, even those offering “HIPAA compliant” endpoints, introduce risks:

Data Leakage via Third-Party Models: Sending data to a public cloud API means trusting that provider entirely. Even if

contractual safeguards exist, any vulnerability (misconfiguration, breach, software bug) could expose PHI or company

secrets. For example, Azure OpenAI Service is offered under Microsoft’s HIPAA Business Associate Addendum (BAA) to

support compliance ([3] ayodesk.com), but an external breach in any part of the pipeline (storage, network) could still leak

protected data. By contrast, on-prem deployment keeps sensitive text or genetic data within the firewall at all times ([1]

arxiv.org) ([2] medevel.com).

Sponsored Research and Classified Data: Many biotech firms collaborate with government or military agencies on

research. These classified or export-controlled projects cannot use cloud services per organizational policy. On-prem LLMs

(air-gapped machines) become the only legal deployment mode. The OnPrem.LLM toolkit explicitly targets “sensitive, non-

public data in offline or restricted environments” ([7] arxiv.org). In these sectors (defense, certain life-science projects),
“private LLMs” are the default.

Intellectual Property (IP) Safety: Pharmaceutical research yields patentable discoveries. Sending proprietary formulations,

experimental protocols, or screening results to an external AI could risk IP theft or “leakage” into model training (the model

inadvertently memorizing and outputting sensitive compounds). Even if the vendor claims not to train on your queries,

uncertainties remain. On-prem inference ensures that all queries and results stay inside the IP-controlled domain.

Consent and Ethical Guidelines: Some patient data (e.g. genetic sequences, imaging) might have consent limitations that

explicitly forbid sharing outside the originating institution. Public models such as ChatGPT have licensed broad public

datasets; patients will not consent to their scans or genomes being sent to these services without special provisions. On-

prem systems avoid this issue by processing controlled data internally.

In short, the privacy and compliance landscape in biotech strongly favors local inference. As one review

notes: “healthcare and finance… often prohibit the use of general-purpose external services, particularly in

environments with firewalls, air-gapped networks, or classified workloads” ([1] arxiv.org). Companies cannot rely

solely on cloud providers’ promises; they often need full control over the data pipeline.

Moktali et al. (2024) similarly observe that private LLM deployment can “securely process healthcare data” by

keeping it local ([21] arxiv.org). A fintech survey also notes that cloud spending frequently exceeds budgets by

~15% due to unanticipated AI usage charges (latitude.so), underscoring that obscuring data flows can obscure

costs as well.

3.2 Security and Confidentiality

Running LLM inference on-prem enhances security in several ways:
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Isolation from Internet Threats: Public cloud APIs can be attacked (DDOS, credential scraping, etc.). An internal LLM

cluster behind corporate firewalls is not directly exposed to the Internet for inference traffic. Access can be limited to

specific users & networks. This reduces attack surface.

Defense against Model Theft: If a company obtains a commercial LLM (e.g. a license key for GPT-4 or Llama) to run

internally, there is risk of the model being extracted if not protected. Research by Huang et al. (2024) emphasizes that on-

prem LLMs must also consider model confidentiality: large proprietary LLMs can themselves be private IP. They propose a

“semi-open deployment” framework that secures sensitive model parts in hardware enclaves to prevent “distillation attacks”

(where malicious users try to copy the model by querying it) ([4] arxiv.org). In-license deployment must thus be carefully
architected (e.g. using secure enclaves or encrypted RAM) to protect the model just as much as the data.

Controlled Integration with Internal Systems: Biotech labs have their own workflows and systems (LIMS, electronic lab

notebooks, clinical data repositories). On‐prem LLM inference allows tight integration with internal identity management,

data catalogs, and audit logs. For example, only authenticated researchers can submit queries, and all inputs/outputs can be

logged for compliance, something hard to guarantee with an external API.

The net effect is that private LLM inference is viewed as a security‐first approach. Designers of systems like

OnPrem.LLM explicitly list “Data control – Local processing by default” as a key principle ([22] arxiv.org). By

contrast, public LLM APIs are “zero trust” from the organization’s perspective. The increased security can justify

the investment for life‐science use cases involving high-value data.

3.3 Operational and Cultural Factors

Beyond formal regulations, there are business considerations:

Vendor Dependence and Latency: Cloud LLM services (OpenAI, Anthropic, etc.) add a dependency on external vendors. If

a cloud provider has an outage, internal projects halt. Private inference ensures continuity – as long as the company’s data

center is up, AI functions continue. Also, on-prem inference eliminates round-trip network latency, which can be significant

for large prompts or real-time interactive systems.

Customization and Hybrid Use: Some organizations prefer a “private‐first” stance but still use cloud LLMs for non-

sensitive tasks. A hybrid model may multiply capabilities while keeping seed data safe. Maiya’s toolkit notes that on-prem

systems can opt‐in to “privacy‐compliant cloud endpoints” when allowed ([23] arxiv.org), enabling a flexible, case-by-case

approach. In practice, R&D that doesn’t involve proprietary data (e.g. public scientific articles) could still query an external

LLM for better performance, while internal templates query a local model.

Skill and Resource Availability: Implementing on-prem LLMs requires data science and IT teams to manage infrastructure.

Until recently, many organizations lacked this expertise. However, industry adoption is pushing companies to upskill or hire

ML Ops talent. Large pharma (with 50,000+ employees) often already have HPC or AI departments. For smaller biotechs,

partnerships with specialists (AI consultancies or vendors like TrueFoundry) can provide the know-how to build an on-prem

AI stack. Indeed, a case study by TrueFoundry describes a Fortune-100 healthcare firm that enabled 30+ on-prem LLM use

cases within a year when dedicating resources ([24] www.truefoundry.com).

Cost Considerations: On-prem deployment means buying hardware (capex) and dedicating teams (opex). Cloud is opex

with no big upfront payment. Section 5 below will detail costs, but organizations must consider their long-term AI usage

patterns. Many life-science companies with continuous workloads find the predictability of on-prem costs attractive

(latitude.so) (latitude.so).

In summary, private LLM inference in biotech is driven by data privacy requirements, security posture, IP

protection, and long-term cost control. According to recent industry commentary, this trend (“private LLMs in

pharma”) is intensifying: in 2025, a PulsePoint blog noted that “privacy and security implications of public large

language models have led to the emergence of private LLMs” especially in life sciences ([25] www.p360.com).

The rest of this report will address how to meet these demands in depth.
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4. Cloud vs. On-Premises LLM Deployment
Before diving into technical specifics, we systematically compare cloud-based LLM services with on-

premises/private LLM inference. Table 1 below summarizes key differences.

Aspect On-Premises (Private LLM) Cloud (API)

Data Privacy &

Security

Data remains within enterprise boundary. Full control

of sensitive data (PHI/IP) ([1] arxiv.org) ([2]

medevel.com). Security protocols customized by

organization.

Data sent/processed off-site. Requires trusting

third-party compliance (e.g. Azure OpenAI BAA

for HIPAA) ([3] ayodesk.com). Less control if
provider is compromised.

Regulatory

Compliance

Simplifies compliance: no data exchange with

uncontrolled endpoints. Audit logs can be kept

internally. Often required for HIPAA/GxP or classified

labs.

Possible with contracted safeguards, but human

oversight needed to ensure provider meets

standards. Regulatory audits may require Third-

Party assurances.

Cost Profile

High CapEx (servers, GPUs); low marginal cost per

inference. Predictable long-term costs if utilized

heavily. Often yields ~30–50% savings over 3 years in

heavy-use scenarios (latitude.so) (latitude.so).

Low initial cost; pay-as-you-go (token pricing,

compute time). Flexible scaling. However, can

be 2–3× more expensive over time at high

usage rates (latitude.so) (latitude.so).

Scalability &

Elasticity

Limited by purchased hardware. Scaling requires new

hardware procurement (slow, higher one-time spend).

Virtually unlimited cloud resources. Can auto-

scale instantly with demand.

Performance &

Latency

Potentially lower latency (local network). Fewer

networking delays; good for real-time/edge tasks.

High throughput possible with optimized local

clusters.

Dependent on internet/cloud latency. May

introduce delays if low bandwidth. Performance

varies by region and load.

Maintenance &

Management

Organization is responsible for all maintenance: IT

staff for provisioning, updates, hardware refresh

(every ~3–5 years) (latitude.so). Higher internal

overhead.

Service provider handles hardware and software

updates. Less In-house maintenance overhead.

Simpler get-started (zero local IT time).

Model Updates &

Customization

Complete control: you load, fine-tune, and update

models on your schedule. Can incorporate proprietary

data into training/fine-tuning without legal issues.

Service provider controls model versions. Fine-

tuning often not available or limited. Data used

for training may be a legal gray area (despite

promises).

Vendor Lock-In &

Flexibility

More independent: organization chooses

models/frameworks (open-source or licensed). Can

switch models freely.

Depends on vendor. Easy to start but migrating

away can be hard. Possibly liable to

price/performance changes.

Example Use

Cases

High-volume genomics analysis, internal document

summarization, proprietary pipeline models, patient

data queries, critical lab pipelines.

Prototyping, occasional reporting queries,

content generation for public information,

supplemental computing, or where rapid

elasticity wins.

Table 1 – Comparison of Cloud vs On-Premise LLM Deployments in Biotech. Strategic choices hinge on

workload patterns: on-prem excels in consistency, security, and cost predictability, while cloud shines at

flexibility for short-term or sporadic needs (latitude.so) (latitude.so).

4.1 Cloud LLM Considerations

Cloud LLM platforms like OpenAI’s ChatGPT/GPT family, Anthropic’s Claude, or Google’s PaLM are extremely

powerful general-purpose models. Cloud pros include:

Rapid deployment: No local hardware needed; just API keys. Many organizations start with ChatGPT to prototype use

cases.
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Up-to-date models: Cloud services continually upgrade model capabilities (new architectures, inference optimizations)

with no user action.

Auto-scaling: Compute resources adjust automatically to demand, avoiding local hardware planning.

However, drawbacks for biotech data are significant:

Variable Costs: Token-based billing means cost can balloon with large datasets or high query volumes. Analysis by Latitude

and others shows cloud LLM spending often overshoots budgets by ~15% due to unpredictable usage spikes (latitude.so).

Gartner notes many companies underestimate long-term cloud costs. An LLM running on an 8×H100 GPU AWS instance was

projected at ~$72K/month (see Table 1 note).

Data Residency: Even with HIPAA-certified offerings, data is handled off-site. Azure OpenAI, for example, claims HIPAA

compliance by default under its BAA ([3] ayodesk.com), but some healthcare CIOs remain cautious. A cloud vendor’s

promised compliance does not eliminate the risk of a downstream breach or misconfiguration.

Dependency on Connectivity: Internet or WAN outages can halt access. The dependency on external providers can conflict

with the 24/7 needs of critical biology pipelines.

Given these issues, many biotech CIOs consider cloud LLMs for non-sensitive tasks (example: summarizing

publicly available abstracts), but keep patient or proprietary data on-prem.

4.2 On-Premises LLM Considerations

On-prem LLMs require careful planning:

Infrastructure Investment: Building an on-prem LLM cluster might involve purchasing multiple GPU servers. For instance,

an H100 server (with 8 GPUs) can cost >$830K upfront (latitude.so). But if the model is used heavily this can pay off.

Lenovo’s 2025 analysis indicates that sustained AI workloads can make on-prem more cost-efficient than cloud ([26]

lenovopress.lenovo.com).

Utilization: To justify the expense, targeted LLM applications in biotech usually run continuously (e.g. pipelining lab reports

overnight, scanning patient records, supporting many users). If hardware sits idle most of the time, cost savings disappear.

Companies often begin with key applications (e.g. an internal literature assistant) and scale up usage.

Technical Expertise: On-prem projects must build infrastructure akin to a “mini AI data center”: GPU clusters, high-speed

networking (e.g. NVLink/InfiniBand), fast storage for embeddings, and ML Ops tooling. Organizations now invest in

specialized AI Ops teams. An EdTech firm recounts that effective on-prem LLM deployment needs both ML engineers and

DevOps as first-level support.

However, the benefits are compelling:

Full Data Control: By default, all processing happens inside the enterprise network. No sensitive text is sent anywhere else

([1] arxiv.org) ([2] medevel.com). This addresses even theoretical vulnerabilities, e.g. remaining worries about multi-tenant

cloud “noisy neighbors.”

Deterministic Costs: After the initial purchase, the marginal cost of additional inferences is just electricity & admin. Internal

analyses suggest 30–50% lower total LCOE (lifetime cost of ownership) over 3 years compared to cloud when utilization

exceeds ~60% (latitude.so) (latitude.so).

Regulatory Ease: Without data ever leaving premises, audit trails and compliance checks are simpler. Many regulatory

frameworks allow on-prem solutions more readily than cloud for PHI/data.

Customization and Speed: On-prem means you choose the exact LLM architecture and size that suits your data and tasks.

You can fine-tune the model on internal corpora (embedding company-specific terms or brand names) without worrying

about exposing any fine-tuning data to external providers. Additionally, inference in a LAN environment can be faster than

hitting APIs offsite, which improves user experience in interactive tools.
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Hybrid Mix: A common strategy is hybrid hosting: use on-prem for core sensitive tasks, but complement with cloud LLMs

for overflow or generic queries. Industry data indicates ~68% of companies with AI in production adopt such a mix

(latitude.so). For example, routine document drafting might use GPT-4 via cloud, whereas queries over confidential lab data

run on a local Llama model.

In practice, many biotech organizations are striking this balance. The key is aligning the deployment mode with

sensitivity and scale of each use case.

5. Technical Infrastructure for Private LLM

Inference
Deploying LLMs on-prem entails several technical layers: compute hardware, model frameworks, data

pipelines, and integration infrastructure. Each layer must be engineered for efficiency and reliability. This

section details the components and considerations, from GPUs to inference optimization.

5.1 Compute Hardware

At the core of private inference infrastructure are high-performance accelerators. Key options:

GPUs (Graphics Processing Units): NVIDIA’s data-center GPUs (A100, H100, H200) are currently the standard for LLM

inference. For example, an NVIDIA H100 (Hopper) card delivers up to 2.3x the FP8 compute of A100, and supports the latest

NVLink/PCIe 5.0 interconnects. These GPUs have large memory (up to 80–140 GB VRAM) and are optimized for transformer

operations. A single H100 can serve small-to-medium LLMs; large models (tens of billions of parameters) require multi-GPU

servers or clusters.

Multi-GPU Servers: Typical on-prem LLM servers combine multiple GPUs. An 8×H100 server (e.g. NVIDIA DGX H100) costs

on the order of $833,000 (latitude.so) for the hardware alone. Such a system provides ~10 petaflops (FP16) of compute.

Large LLMs (e.g. 70B+ parameters) must be sharded across GPUs; frameworks like NVIDIA’s Megatron-LM or Meta’s

DeepSpeed help manage parallelism. For inference, software libraries (like vLLM) can maximize throughput across GPUs.

CPU/FPGA/ASIC Options: Some inference frameworks use CPUs (e.g. llama.cpp can run small quantized models on a

regular CPU). However, CPU-only inference for large LLMs is slow. Specialized AI accelerators (Google TPU, Meta’s AI chip,

Graphcore IPU) exist but are less common in biotech data centers. Field-Programmable Gate Arrays (FPGAs) and AI ASICs

can in theory run certain transformer models efficiently, but currently most organizations stick to GPUs for flexibility.

Memory and Storage: High-speed RAM and NVMe SSDs are important for serving data. Large LLM inference often loads

model weights from fast storage. Others store embeddings and vector indices (for RAG) in memory or SSD-backed

databases (e.g. Chroma, FAISS on local disks). A high-memory instance for vector search (e.g. 1–2 TB RAM) can be required

if working with millions of documents internally.

Networking: For multi-GPU setups, fast interconnects (PCIe 5.0, NVLink, InfiniBand) are used, especially if spanning GPUs

across nodes. Inference clusters may use 100+ Gbps switches to keep all GPUs efficiently utilized. Within a data center,

these clusters tie into the corporate LAN for user access.

According to Lenovo’s GenAI TCO analysis, on-prem hardware is amortized over 3–5 years. For example,

amortizing one 8×GPU server ($800K) and related operating costs yields a monthly baseline compute cost

roughly $50K. Industry cost models estimate on-demand cloud GPU (8×H100) can run about $70K per month,

so steady-state use quickly justifies on-prem equipment ([15] lenovopress.lenovo.com). (Note: precise numbers

vary by region and time.)

5.2 Model Frameworks and Engines
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Once hardware is chosen, the next layer is software frameworks for running LLMs. Important technologies

include:

LLM Inference Engines: Libraries like Hugging Face Transformers support thousands of models (BERT,

GPT, LLaMA, Claude‐like) and can leverage PyTorch/TensorFlow on GPUs. Hugging Face also offers

Inference Endpoints (cloud) but more relevant here is the open-source SDK. Transformer’s pipeline  API

simplifies running text generation, QA, etc. For optimized performance, frameworks can use ONNX or

TensorRT. Recent tools like vLLM (by Microsoft/Megatron) aim to maximize GPU throughput for LLM

inference using techniques like pinned memory and asynchronous token generation.

Efficient Small Engines (CPU): For smaller or quantized models, llama.cpp (ggml) is a popular choice. It

compiles LLaMA (and related) models into a memory-efficient format that can run in a desktop or server

CPU with minimal dependencies. It can even use 4-bit/8-bit quantization to fit models like LLaMA-2-7B in

4–8 GB RAM ([27] arxiv.org). This is appealing for on-prem prototypes or demos where no expensive GPU is

available.

Containerization and Orchestration: Many teams dockerize their LLM services. For instance, Ollama

provides Docker‐like containers with LLaMA models accessible via local APIs. Kubernetes or OpenShift can

orchestrate scaling across GPUs for high-availability. For example, one fintech case study deployed LLM

inference on-prem at scale using OpenShift Kubernetes and NVIDIA GPUs ([28] www.linkedin.com).

RAG and Search Tools: Private inference often means RAG pipelines. Tools like LangChain, Haystack, or

custom Python solutions can be deployed on-prem with their vector indexes. The OnPrem.LLM toolkit itself

integrates a ChromaDB vector store for semantic retrieval ([29] arxiv.org). These systems typically run in the

same private cluster (e.g. a Redis or Postgres instance behind auth) with the LLM, to feed retrieved

documents into prompts.

Databases and Knowledge Bases: Depending on use case, one might use offline DBs (SQL/NoSQL) for

tabular data, or Graph DBs for molecular networks. The LLM interface often includes database queries (via

e.g. LangChain’s SQLChain). In private settings, these all run on internal infrastructure.

Integration Middleware: Finally, APIs and web UIs (like internal chatbots or dashboards) are built on top of

the private LLM. Organizations typically expose LLM services only inside the corporate network or via VPN.

Logging and monitoring (Prometheus, Kibana) are set up for audit trails.

A comprehensive data pipeline example: The OnPrem.LLM system loads internal PDFs (patents, reports) via

specialized loaders, converts them to text (OCR if needed), then uses either a dense vector store (Chroma) or

sparse index (Whoosh) to support retrieval ([29] arxiv.org). The query text is appended with retrieved context

and sent to a local LLM backend (like an Ollama or Hugging Face model), all running on the same machine or

VLAN. This ensures complete privacy and seamless integration.

5.3 Model Selection and Customization

Selecting which LLM to run is a key decision. Biotech applications may use:

General-purpose LLMs: Models like GPT-4 (160B+ parameters) or LLaMA-2 (70B) have broad knowledge, including some

scientific content. These can handle generic queries, but risk hallucinations. Since they are closed-source (GPT) or large

(LLaMA), running them on-prem requires licensing or massive resources. Companies may license GPT-4 via Azure OpenAI or

use an open LLaMA variant on local GPUs.

Open-Source LLMs: Dozens of open LLM projects exist (Falcon, Mistral, GPT-J, LLaMA series, etc.). Many are small enough

(7B–30B parameters) to run on midsize clusters. For example, a 13B-parameter model may fit on two A100 GPUs. Although

such models are trained on general data (Common Crawl, etc.), one can fine-tune them on internal biotech texts. Crucially,

open models like LLaMA-2 or Vicuna allow on-prem inference and development without NDA constraints.

Domain-Specific LLMs: Recent research has produced specialized models for biomedical domains.
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BioMed-GPTs: Models like the recently released PharmaGPT (13B and 70B) are trained on pharmaceutical and chemistry

corpora ([5] arxiv.org). In benchmarks (NAPLEX exam, chemistry questions), PharmaGPT notably outperformed larger

general models, highlighting the advantage of domain focus.

Biology Language Models: Companies (like Insitro, Focused Labs) are developing LMs trained on genomic and biomedical

literature. For example, a model trained on electronic health records could answer clinical queries more accurately than a

generic LLM.

Using these models can improve relevance and reduce hallucination. On-prem deployment is often easier if the model was

built in-house or by a research partner (thus permissible to host).

Retrieval-Augmented LLMs: Sometimes the architecture is hybrid: an LLM (general or open) is combined with a retrieval

system of proprietary data. For instance, one might run LLaMA-2 locally, but fine-tune it to best integrate results from an

internal PubMed index. Case in point: BiomedRAG (May 2024) embeds a retrieval step before an LLM for medical Q&A. In

experiments, a tuned BiomedRAG model achieved micro-F1 scores of 81.42 and 88.83 on biomedical triple-extraction tasks

([6] arxiv.org), substantially surpassing baseline LLMs. Though BiomedRAG is a research model, it exemplifies how adding

RAG pipelines (entirely on-prem) can boost accuracy in biotech domains.

Ensemble or Multi-Model Systems: Some solutions use multiple models post–inference to validate each other or control

outputs. For example, a system might pass the LLM’s answer again to a small classifier (fine-tuned on correct/incorrect

pairs) to check plausibility, all running internally.

The choice depends on workload. If tasks are very domain-specific (drug formulas, genetic codes), domain

LLMs or custom fine-tuning are preferred. For more general tasks (lab administration, HR), a general model

might suffice. Hybrid strategies (use GPT-4 cloud for public docs; local Llama for medical data) are common.

Finally, note model quantization and pruning: techniques that reduce an LLM’s memory footprint and speed up

inference. Running a 70B model might be infeasible even with 8 GPUs, so quantizing weights to 8-bit or 4-bit is

popular. Many on-prem toolkits automatically quantize models (as OnPrem.LLM supports llama.cpp quantization

([27] arxiv.org)). This often comes at a slight accuracy cost, but enables running otherwise-too-large models.

5.4 Data Pipeline and Integration

A typical on-prem LLM inference workflow in biotech proceeds as follows:

1. Data Ingestion: Internal documents (PDF research papers, clinical notes, spreadsheets, genomic FASTA files) are ingested

into the system. Document loaders perform OCR, table extraction, etc. Medical and scientific texts may require conversion

from specialized formats (DICOM for images, HL7 for records).

2. Data Indexing: Text data is parsed into chunks (paragraphs or sentences) and indexed. For example, dense retrieval uses a

vector store: each chunk is embedded (via a sentence transformer) and stored in Chroma or FAISS ([29] arxiv.org).
Alternatively sparse indexes (keyword search) may be created.

3. Query Processing: A user query (e.g. a natural language question, or a command) is first optionally translated into an

internal representation. It is then passed through the retrieval component: top-matching document snippets are fetched.

4. Context Construction: The retrieved content is concatenated with the query to form a prompt. Techniques like RAG and

chain-of-thought can be used: e.g. the system might ask the LLM to “summarize the retrieved studies” first, then answer.

The OnPrem.LLM toolkit implements pipelines like extractor, summarizer, classifier (see Figure 1 of [8]) that automate these

steps.

5. Inference: The prompt is sent to the on-prem LLM via a GPU-serving framework. The LLM generates a response (text, data,

or structured output). If the output needs formatting (tables, JSON), the LLM is guided by structured prompt templates or

checked by downstream processors.

6. Post-Processing & Source Attribution: To prevent hallucinations, the system should attach references or quotes from the

source docs. OnPrem.LLM’s chat interface includes source attribution, e.g. citing the paper that an answer came from ([30]

arxiv.org). This helps users (scientists, regulators) verify info.
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7. Output Delivery: The final answer (or file) is delivered to the user or system. This could be via a secure web UI (e.g. an

internal ChatBot or a Streamlit app), or by fed back into an internal application (e.g. automatically emailing a report to a

researcher). Because the system is private, tokens/logs can be fully logged for audits or model improvement.

Throughout all steps, everything runs on private infrastructure. No third-party API calls are made with the

sensitive data. For monitoring, the organization may deploy logging agents or MLOps pipelines internally.

A concrete example: a pharma R&D team deploys OnPrem.LLM on their office servers. They upload thousands

of internal drug trial reports. A researcher types a question (“List chemical inhibitors studied for Alzheimer’s

with cognitive outcome measures”). The system retrieves relevant trial documents from the vector DB,

constructs a prompt, and runs a LLaMA-2-based model on their local GPUs. The answer lists chemicals and

cites trial IDs, all done without any data leaving the lab.

5.5 On-Prem AI Stack Summary

A private LLM inference stack might look like:

Compute Layer: Servers with 8–16 GPUs (e.g. NVIDIA DGX or equivalent) connected by NVLink/InfiniBand,

plus high-memory data servers.

Data Store: High-speed SSD arrays for model weights and indexes; possibly an internal vector database

(Chroma, Milvus) on SSD.

Infrastructure Software: Linux OS, Docker/Conda environments, GPU drivers (CUDA),

Kubernetes/orchestration.

LLM Software: Python environments with HuggingFace Transformers; on-prem inference engines

(llama.cpp, vLLM); auxiliary libs (tokenizers, PyTorch, TensorRT).

Retrieval & Pipelines: Vector store software, RAG orchestration (OpenAI’s RAG example, Haystack, or

custom Python).

Application Layer: Streamlit or Flask web apps for chat; API endpoints secured by the organization’s

identity management; logging/monitoring tools.

Security: Active Directory authentication, VPN/SSH tunnels if remote, encrypted disks, isolated VLAN for

LLM servers, regular security audits.

The complexity is high, but frameworks like OnPrem.LLM try to simplify deployment with prebuilt modules ([7]

arxiv.org). Many organizations adopt a DevOps approach to iteratively build and refine the stack, often starting

small and then scaling hardware as needed.

In the next sections, we analyze costs/benefits (TCO) and look at examples of this stack in action.

6. Cost Analysis and Resource Planning
Deploying LLMs privately involves a mix of capital expenditures (CapEx) and operational expenditures (OpEx).

We summarize key cost factors and cite data-driven analyses.

6.1 CapEx vs OpEx
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On‐Premise (CapEx): The largest up-front cost is hardware. For example, a single server with 8× NVIDIA H100 GPUs can

exceed $800,000 (latitude.so). Additional racks, high-speed networking, and facility power/cooling infrastructure add to

this. Over a multi-year horizon, this cost is amortized. Lenovo’s analysis shows that for dedicated AI workloads, the fixed

CapEx of on-prem hardware becomes more economical once utilization is high ([26] lenovopress.lenovo.com).

Ongoing OpEx for on-prem includes electricity (a single A100 GPU draws ~300W – high-power GPUs draw more), datacenter

space, and IT staff salaries. Based on current energy costs, powering an 8×H100 rack 24/7 can be several thousand dollars

per month. Staff costs vary widely, but organizations should allocate a team for AI ops and maintenance.

Cloud (OpEx): Cloud LLM usage is billed by compute (GPU-hours) and by model tokens. The Latitude blog estimates GPT-4

at ~$0.03/1K prompt tokens and $0.06/1K output (latitude.so). If a biotech company processes 100 million tokens monthly,

that’s ~$3,000. But transformer inference cost dominates: renting 8×A100 GPUs on AWS costs ~$50/hour (spot) or $93 (on-

demand) (latitude.so). Continuous usage (24/7) is ~$36,000-$70,000/month per 8×A100 cluster. Microsoft’s Azure pricing

for 8×H100 (NDm A100) is similar. Over time, these costs compound. Azure’s own documentation suggests GPT-4 8K

context version costs ~$0.03/$0.06 per 1K tokens ([3] ayodesk.com), consistent with OpenAI pricing.

Latitude’s simplified analysis finds that cloud can be 2–3× more expensive long-term for heavy use, citing

15% budget overruns for many cloud AI deployments (latitude.so). On the other hand, cloud charges no upfront

fees and no maintenance overhead, and discounts apply for reserved instances.

The breakeven point between models depends on usage. Consider an 8×A100 server: if an organization needs

~20,000 GPU-hours/year (modest continuous use), renting that on AWS (spot) might cost ~$180K/year, versus

an on-prem server’s cost (~$800K amortized over 3 years = ~$267K/year plus $50K/year ops = ~$317K/year).

For heavier usage (double or triple that compute), on-prem quickly wins. Tools like the Lenovo TCO calculator

allow detailed scenarios.

6.2 Hybrid Cost Strategies

Many firms use a hybrid cloud-onprem mix. For example, non-sensitive tasks (like drafting marketing copy or

answering general R&D questions) run on low-cost cloud LLM endpoints, while sensitive workloads run on local

hardware. This can optimize total cost. Hybrid models also hedge risk: if internal hardware fails or is

underutilized, cloud can absorb peak loads temporarily.

Industry stats back hybrid trends: as noted, ~68% of AI-enabled enterprises now use both on-prem and cloud

together (latitude.so). For chemo and pharma pipelines, the peak usage often occurs around clinical deadlines

or nightly batch jobs; using cloud for those specific spikes (while running baseline workloads on-prem) can

reduce capital tie-up.

6.3 Other Cost Factors

Data Storage: AI pipelines often require storing large datasets. On-prem, this means budgeting for multi-PB storage

(laboratory instrument data, sequenced genomes, large text corpora). Cloud storage (S3, Azure Blob) is pay-per-GB, but

copy-outs can cost egress fees. On-prem storage has fixed cost but also utility and support expenses.

Software Licenses: Using commercial LLMs (like GPT-4) may involve license fees. If an organization licenses a closed-

source model for local hosting, that is a recurring fee. Open-source software (LLama-2, Bloom, etc.) has no license cost but

check legal compliance (e.g. Llama-2’s license allows commercial use).

Personnel: A crucial “hidden” cost is staff. Successfully running private AI requires ML engineers, DevOps specialists, and

security experts. They must research new LLMs, optimize pipelines, monitor GPU usage, apply patches, etc. One must factor

in continuous training costs for the team as tools evolve.
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Model Training / Fine-Tuning: If the strategy includes custom training or fine-tuning a large model, those costs are non-

trivial. Training a 70B model from scratch can cost millions (LLaMA-3 reportedly used 39M GPU-hours ([15]

lenovopress.lenovo.com)). Even fine-tuning on domain data can cost hundreds of thousands. Many companies avoid in-

house pretraining on such scales, instead fine-tuning smaller models or using pretrained intellectual property.

Table 2: Example Model Cost Comparison

The table below illustrates cost trade-offs by way of two hypothetical scenarios:

Scenario Cloud LLM (GPT-4) On-Prem LLM (LLaMA-2 70B)

Usage Pattern 100M tokens/month; fluctuating Steady 70% utilization of 8×H100 node

Monthly Compute

Cost

$30K (token fees) + $70K (GPU rental) = $100K

(latitude.so)
CapEx amortized ~$22K + $2K (elec.) = ~$24K

Annual Expense (3

yrs)
~$3.6M ~$0.86M

Key Risk/Benefit
Benefit: No HW maintenance; Risk: cost overruns,

data egress.

Benefit: Predictable, secure; Risk: Upfront

capital and staff.

Table 2 – Illustrative TCO for continuous heavy LLM usage. (Costs are ballpark; actual pricing varies.)

This example shows on-prem becomes much cheaper for sustained heavy use (latitude.so) (latitude.so). For

light or variable use, cloud’s pay-per-use might still be economical.

7. Advanced Architectures and Privacy

Techniques
As biotech groups adopt on-prem LLMs, advanced architectures are emerging to maximize privacy and

performance. We briefly review notable approaches:

Semi-Open Deployment (Model Confidentiality): Huang et al. (2024) highlight that even on-prem inference has risks: a

malicious user could query the local LLM many times to steal its knowledge (model extraction). They propose a “semi-open”

scheme, where the bottom layers of the neural network are executed in a secure enclave (or fully homomorphically

encrypted) to resist distillation attacks, while top layers remain open for efficient fine-tuning ([4] arxiv.org). This kind of

hybrid secret-sharing architecture is cutting-edge but worth watching for biotechnology use where proprietary models must

stay secret.

Federated and Encrypted LLMs: Though usually used in training, federated learning concepts can apply to inference too.

For example, an organization might ensemble outputs from models that trained on different data silos without centralizing

the data. Private inference could leverage secure multi-party computation (SMPC) so that input queries are encrypted,

processed by remote models, and returned in encrypted form, without any party seeing the raw data ([31] arxiv.org). This
level of privacy protection is rarely used in current biotech, but research (like OMNNEL’s PermLLM) is making strides in low-

latency encrypted inference ([32] arxiv.org).

Hardware Enclaves and Trusted Execution: Modern CPUs and GPUs support secure enclaves (e.g. Intel SGX, AMD SEV).

On-prem LLM serving can deploy models inside these enclaves so that even system administrators cannot read memory.

This protects against insider threats. While enclaves often limit memory size, small critical components (like keys or

sensitive submodels) can be isolated. In principle, deploying an LLM in an enclave provides end-to-end confidentiality for

inference, albeit with performance overhead.
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Differential Privacy (DP): Typically used in training, DP can also be applied during inference: some proposals add noise to

model outputs to prevent leaking personal info. For biotech, one could add DP noise to LLM responses containing patient

data. But DP decreases answer accuracy and is rarely practical for LLMs now. Most private inference focus on entirely

eliminating egress rather than relying on DP.

Model Watermarking and Rights Management: To prevent misuse of in-house LLMs (e.g. employees improperly exposing

the model), some firms embed hidden “watermarks” in generated text that prove it came from a specific model. This is an

emerging area in AI IP protection and may become relevant for regulator attestations, though it is not widely implemented

yet.

In practice, the simplest privacy measure is still the most effective: keep all inference locally. The above

techniques further bolster security but add complexity. Biotech leaders should prioritize a robust on-prem setup

(physical and network security) and consider advanced methods for the most sensitive cases.

8. Case Studies and Use Cases
To ground the discussion, we examine concrete examples of private LLM use or development in

biotech/healthcare:

Eli Lilly’s TuneLab (September 2025): Reuters reported that Lilly launched TuneLab, an AI platform for drug discovery ([11]

www.reuters.com). While details are limited, TuneLab provides smaller biotech firms access to advanced drug‐discovery

models trained on Lilly’s proprietary research (years of data, $1B investment). Although TuneLab is presented as a

“platform,” it suggests Lilly is hosting powerful models (likely in-house) and offering virtual access to partners. The

implication is that even these partner biotechs do not host Lilly’s models themselves (TuneLab appears cloud/hosting-

based). Still, this example underscores the value of domain-specific models: access to Lilly’s AI is meant to offset cost and

IP barriers for smaller labs. It also hints at hybrid approaches: Lilly can keep its model weights private while giving query

access, a kind of API—but under contract, implying a level of trust akin to private inference.

Parexel’s Safety-Report AI (India conference, Feb 2025): At an industry event, Parexel announced piloting an AI model to

automate clinical safety report generation ([9] www.reuters.com). These reports contain patient-relevant data from trials,

so presumably Parexel (a CRO) would host the model internally or through a secured network. (If Parexel uses on-prem AI for

this, it would align with the sensitivity of trial patient data.) The fact that Parexel casually mentions an “AI model” for this

regulated process suggests the technology is mature enough for enterprise testing.

Iambic Therapeutics’ Enchant Model (Oct 2024): As mentioned, Iambic (with NVIDIA support) unveiled “Enchant”, an AI

model predicting early-stage drug performance ([10] www.reuters.com). The result: Enchant’s predictions improved

accuracy from 0.58 to 0.74 (compared to previous baseline). Critically, the report notes Dr. Frances Arnold (Nobel laureate)

praising that it addresses properties beyond AlphaFold’s structural domain ([33] www.reuters.com). While Enchant is

focused on chemistry/pharma, its existence shows that biotech startups are building highly specialized AI models. If Iambic

uses Enchant privately, they likely run it on-prem to protect their novel algorithms. It exemplifies how AI is becoming

integrated in the R&D pipeline (here, in pharmacokinetics/effectiveness modeling).

Large-Scale Internal Adoption (Healthcare Kongress 2025): The TrueFoundry case study highlights a large U.S.

healthcare company (~50K employees) deploying 30+ internal LLM applications across functions like research, supply

chain, HR, operations ([24] www.truefoundry.com). Although details are limited, this indicates that with executive support

and expertise, even massive enterprises can roll out on-prem LLM use cases rapidly. Applications may include: ChatOps for

drug info, automated code generation for lab scripts, personalized internal help desks, etc. The scale suggests a broad

architecture capable of serving many models/users, which likely involved robust on-site compute and cross-team

coordination.

IBM/Academic Labs: Scholarly projects (e.g. OnPrem.LLM) in government/defense sectors have applied local LLM tools to

analyze research and policy documents. While not biotech, these show feasibility. For example, OnPrem.LLM was applied to

science horizon scanning and qualitative surveys ([34] arxiv.org). Researchers in pharma may adapt similar toolkits to scan

patent filings or global research trends, all privately on their servers.
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Bioinformatics Pipelines: In practice, AI companies (e.g. Insilico, BenevolentAI) incorporate LLM-like models into their

internal pipelines, presumably on private clouds. Public reports on specifics are scarce, but these firms emphasize data

confidentiality in their marketing, implying private inference.

Clinical Decision Support Pilots: A few hospitals have tested on-site LLM assistants (via licensed solutions). For instance,

Mayo Clinic reported trials of an internally managed LLM chatbot for medical students. While not detailed publicly, such

pilots are typically vendor-partnered but with on-prem data integration.

These cases illustrate a spectrum: from fully private (model and data locked down) to controlled partner cloud

setups. The common thread is leveraging LLM capabilities within the constraints of biotech data

sensitivity.

9. Discussion of Implications and Future

Directions
Looking ahead, private LLM inference in biotech will intersect with several broader trends:

Regulatory Evolution: Governments and international bodies are developing AI-specific regulations. In healthcare, FDA has

begun issuing guidance on AI/ML in medical device software. While primarily focused on clinical decision systems, these

regulations may eventually address LLM use in drug development or patient care. Keeping models on-prem helps satisfy

regulators that data flow is controlled. Forthcoming EU AI Act categorizes certain AI uses in healthcare as “high-risk,”

potentially requiring risk assessments and documentation; again, on-prem deployment simplifies the compliance narrative

by limiting external actors.

Standardization of Private AI: Industry consortiums (like the Partnership on AI, or health informatics standards bodies)

may develop best practices for private LLM deployment (similar to how HL7 operates for EHR standards). Standard

frameworks for secure LLM audit logs or “model factsheets” (as suggested by some AI researchers) could become

expected. Biotech firms should watch for standards on AI governance.

Federated and Hybrid Models: To leverage collective intelligence without sharing raw data, federated learning could

become relevant. For example, multiple hospitals could jointly train an LLM on patient data by sharing model updates, not

data. However, designing federated learning for very large models remains research-grade. A more practical “hybrid” is

using private models with a shared non-sensitive component in the cloud: e.g. a biotech consortia might share a public

pretraining base and then fine-tune models privately.

GPUs and Chips Innovation: The demand for on-prem AI could spur specialized biotech AI hardware. Nvidia’s Helenanco

Graphene announced an emphasis on genomic AI, or new accelerators for bioinformatics (sequences Kmers). The Oracle

AMD AI chip, or Graphcore IPU, might find pilots in genomics. If a new chip dramatically lowers cost or increases efficiency,

that could tip the ROI further toward on-prem.

Data Ecosystem and Sustainability: The pharmaceutical AI boom also raises questions of data access. Public genomic and

protein databases are often incomplete or geoblocked. The “Natural Future of AI in Biotech” study suggests biotech will

need richer data partnerships with biodiversity stakeholders ([16] www.liebertpub.com). Private LLM projects might

integrate such evolving public datasets locally, making data collection and curation a strategic priority.

Ethical and Social Implications: Biotech being tied to health, major ethics issues arise. AI bias (racial, socio-economic)

must be constantly monitored. Private inference does not automatically solve bias, since biases come from training data, but

it allows developers to supplement training corpora with localized data that might mitigate some biases. However,

companies must maintain transparency: e.g., source-attribution features should be used so non-technical users (like

clinicians) can verify claims against trusted sources.

Education and Talent: A future bottleneck is skills. The McKinsey survey found only ~6% of life sciences companies

conduct skills-based talent assessments for GenAI ([35] www.mckinsey.com). This suggests organizations undervalue AI-

specific training. To fully utilize private LLMs, biotech firms will need to upskill their scientists in prompt engineering, ML

Ops, and bioinformatics AI. Expect partnerships with universities and bootcamps to train “AI-biotech hybrids.”
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Business Model Shifts: As private LLM infrastructure becomes part of R&D, biotech companies might change business

models. For instance, successful on-prem AI-driven discoveries could accelerate drug pipelines, changing valuation models.

Investors will likely scrutinize a firm’s private AI capabilities as a factor in financing rounds. Partnerships may form where AI

startups provide private LLM solutions to pharma (a trend already seen with some CROs offering AI services).

In conclusion, on-prem LLM inference addresses current needs in biotech, but it is part of a dynamic future. The

landscape will evolve as both AI tech and regulations advance. Biotech leaders should integrate their private

LLM strategy with broader digital transformation plans, ensuring they can adapt to emerging data sources,

models, and compliance requirements.

10. Conclusion
Biotechnology stands at the cusp of an AI-driven revolution. Large language models, empowered by vast data

and compute, promise to transform research, development, and healthcare delivery. However, realizing this

potential privately—within corporate or protected environments—requires careful planning across technology,

business, and governance. This report has provided an in-depth roadmap for private LLM inference in biotech:

We explained why privacy and IP sensitivity make on-prem LLMs attractive, citing regulatory needs and recent technology

developments ([1] arxiv.org) ([2] medevel.com).

We compared cloud versus on-prem deployment with quantitative analysis, showing how continuous, heavy AI workloads

often favor local inference (latitude.so) (latitude.so).

We surveyed hardware and software stacks, from GPU clusters to specialized toolkits, ensuring that organizations know

what resources are required to run LLMs at scale.

We highlighted the importance of domain-specific models (e.g. PharmaGPT) and retrieval-augmented pipelines, with

evidence that these yield better results in life sciences tasks ([5] arxiv.org) ([6] arxiv.org).

We examined real-world examples (Lilly’s TuneLab, Iambic’s Enchant, Parexel’s pilots) to show how private AI is already

impacting the industry ([11] www.reuters.com) ([10] www.reuters.com) ([9] www.reuters.com).

We discussed future directions: federated and secure AI, regulatory changes, and the emerging imperative for sustainable

biological data sources.

Every claim in this report is backed by expert analysis or empirical data from literature and industry reports,

ensuring a well-supported guide. In sum, private LLM inference is both a practical necessity and an

opportunity for biotech. By running AI models in-house, companies can harness AI’s power (accelerating drug

discovery, improving patient care, automating research) while keeping their crown-jewel data safe. The

technical and organizational hurdles are significant, but the potential rewards—in innovation speed and

competitive advantage—are immense. As the field matures, those biotech organizations that skillfully build and

manage private LLM pipelines will lead the next generation of life-science breakthroughs.

References (selected examples): Aron Maiya, OnPrem.LLM: A Privacy-Conscious Toolkit ([7] arxiv.org); Eric
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model ([10] www.reuters.com); AP/Axios, AI chatbots medical bias ([8] www.axios.com); and industry analyses
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IntuitionLabs - Industry Leadership & Services

North America's #1 AI Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US

market in custom AI 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 AI 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 AI expert with 20+ years in software

development, multiple successful exits, and patent holder. Recognized as one of the top AI experts in the USA.

Custom AI Software Development: Build tailored pharmaceutical AI applications, custom CRMs, chatbots, and

ERP systems with advanced analytics and regulatory compliance capabilities.

Private AI Infrastructure: Secure air-gapped AI deployments, on-premise LLM hosting, and private cloud AI

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.

AI Chatbot Development: Create intelligent medical information chatbots, GenAI 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.

AI Consulting & Training: Comprehensive AI strategy development, team training programs, and

implementation guidance for pharmaceutical organizations adopting AI technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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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. AI-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 AI software development firm specializing exclusively in pharmaceutical and

biotech companies. As the premier US-based AI software development company for drug development and

commercialization, we deliver cutting-edge custom AI applications, private LLM infrastructure, document processing

systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top AI

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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