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Executive Summary

This comprehensive report examines the architectural and compliance considerations for deploying private large
language models (LLMs) in the pharmaceutical industry. As Al transforms pharma - with analysts estimating Al
could unlock $350-410 billion in value by 2025 (I chemxpert.com) (?! www.scilife.io) — LLMs offer powerful
capabilities such as summarizing complex scientific literature, optimizing R&D workflows, and aiding regulatory
affairs ("°) mantisnip.com) (") pharmaxnext.com). However, pharma is among the most heavily regulated sectors,
so deploying LLMs requires stringent security, data governance, and adherence to regulations such as HIPAA,
GDPR, GMP/GCP/GLP (known collectively as GxP), FDA guidelines, and the EU Al Act. Private deployment (on-
premises or in a protected cloud/VPC) is often mandated to ensure data privacy, intellectual property
protection, and compliance.

This report provides an in-depth analysis of key factors shaping private LLM adoption in pharma. We begin by
summarizing the industry’s regulatory landscape: U.S. HIPAA and 21 CFR Part 11, European GDPR and the new Al
Act, and impending pharma-specific rules (e.g. EU GMP Annex 22 on Al) all impose rigorous data protection and

documentation requirements (°! www.lazarus-labs.com) (\°!

www.mastercontrol.com). We examine how LLM
workflows must integrate privacy-by-design, access controls, encryption (in transit and at rest), continuous
auditing, and risk management to comply with these rules. For example, HIPAA mandates robust PHI safeguards
(encryption, role-based access, risk assessments), and companies like Mayo Clinic ensure compliance by
performing on-premises inference so “no PHI left institutional boundaries” (/) www.nature.com). The EU Al Act
and FDA guidelines further set cybersecurity, validation, and change-control standards (e.g. Predetermined

6]

Change Control Plans) for “high-risk” Al in healthcare ("°) www.lazarus-labs.com) () www.mastercontrol.com).

We then detail architectural approaches for private LLM deployment. Enterprises can choose fully on-premises
systems (e.g. local GPU clusters in a controlled data center), private cloud/VPN/VPC setups (dedicated virtual
networks within AWS, Azure, etc.), or managed private LLM services (Azure OpenAl, AWS Bedrock, Google
Vertex Al with compliance controls). Each model has trade-offs in control, scalability, and security. For instance,
on-premises GPU clusters (with NVIDIA A100/H100 GPUs supporting Multi-Instance GPU slicing) offer the
most stringent data control (isolated networks, hardware trust anchors, encrypted model storage ([8]
www.lazarus-labs.com) (1°! phala.com)). By contrast, cloud-managed private endpoints (e.g. Azure OpenAl in a
customer VNet) can leverage hyperscale models while using private links, encryption, and BAAs to meet
HIPAA/GxP requirements (1'% medium.com) (""" medium.com). An emerging option is confidential computing
enclaves, where hardware-based Trusted Execution Environments (e.g. NVIDIA GPUs' new TEE) encrypt data-

[12] 13]

in-use and provide attestations of code integrity ("'?! phala.com) (I"*) www.decentrig.com).

In practical terms, a secure private LLM architecture involves layered defenses: dedicated isolated
infrastructure, hardened container platforms, strict identity and access management, and retrieval-augmented
generation (RAG) setups with role-based filters to limit PHI exposure ('*) www.lazarus-labs.com) (1'%
www.lazarus-labs.com). For example, one recommended pattern is using RAG with restricted vector stores and
access-logged context retrieval, ensuring models never see raw PHI directly (WH www.lazarus-labs.com). At the
infrastructure level, physical security (biometric racks, network segmentation) and platform hardening (TPM-
secured boot, non-root containers) further minimize risk ('®) www.lazarus-labs.com) (") www.lazarus-labs.com).

Data management and governance are critical. Pharma data is highly heterogeneous and siloed (EHRs, trials,
labs, literature), so preparing for LLM use requires integration, cleaning, and rigorous de-identification. Our
findings (echoing industry guidance ('”! pplelabs.com) (I'®) pplelabs.com)) recommend a structured pipeline:
inventory all data sources and classify PHI; consolidate into unified data lakes or knowledge graphs (using
standards like HL7 FHIR where possible); then clean, normalize, and, if needed, de-identify or generate
synthetic datasets to avoid unnecessary PHI exposure (/' pplelabs.com) (?°! pplelabs.com). Even after de-
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identification, strict controls (encrypted storage, MFA/SAML authentication, audit logs) must govern any PHI
used in model tuning or inference (') pplelabs.com) (121 pplelabs.com).

We discuss tradeoffs in model development: fine-tuning a specialized LLM on internal pharma data often yields
superior domain performance and control than using vanilla models. Leading guidance stresses that generic
models “often fall short... where accuracy is critical and compliance is non-negotiable” (%"
docs.aws.amazon.com), so domain fine-tuning or using pre-trained medical LLMs (e.g. Med-PaLM) is advised
(%I pplelabs.com) (%) purelogics.com). However, fine-tuning itself may require hundreds of GPUs and careful

validation, so we examine cost/benefit and platforms (open-source vs commercial offerings).

Throughout, we anchor recommendations with real-world examples and data.We review emerging best
practices: e.g. how healthcare Al pilots routinely require "HIPAA-compliant risk assessments” and isolated
inference environments (?*) www.nature.com): how vector search with RBAC can control PHI in prompt contexts
(4] www.lazarus-labs.com); how audit and continuous monitoring catch anomalies before they turn into breaches
(7°1 pplelabs.com) (61 www.nature.com). We also analyze security threats unique to LLMs, such as model

[28]

memorization and prompt-injection risks ([271 www.lazarus-labs.com) ( www.nature.com), and mitigation

strategies like prompt sanitization and membership inference defenses (*%! www.nature.com).

Finally, the report looks ahead to future directions. Regulations are tightening (e.g. EU Annex 22 explicitly
covering Al-in-GxP ([291 www.rephine.com)), and technologies are evolving (confidential computing, federated
learning, synthetic data). We discuss how Pharma should prepare - e.g. building audit-ready pipelines now to
meet 21 CFR Part 11 and Annex 11 expectations (\°/ www.mastercontrol.com), while exploring advanced privacy
tech. Thought leaders predict a surge in Al-powered compliance analytics (I°°! www.pharma-iq.com) (12"
docs.aws.amazon.com). By drawing on multiple perspectives — technical, regulatory, organizational — this report
offers a thorough guide for pharmaceutical companies aiming to harness private LLMs safely and effectively.

Introduction and Background

Large language models (LLMs) represent a leap in Al that can understand and generate human-like text.
Models like OpenAl's GPT series, Google's Bard, Meta's LLaMA, and specialized medical LLMs (e.g. Med-PaLM)
are trained on vast corpora and have shown surprising capabilities in tasks ranging from drafting text to
answering complex questions ("°" pplelabs.com) (2} www.nature.com). In healthcare and life sciences, LLMs are
being explored for summarizing literature, coding clinical notes, supporting research, and more (-°"!
pplelabs.com) (1! mantisnlp.com). Even in 2023-2025, LLMs achieved medical exam-level performance (e.g.
Google's Med-PaLM2 scored 85% on USMLE-style questions ("°" pplelabs.com)).

Pharmaceutical industry drivers. Pharma sees enormous opportunity in Al: industry analyses estimate Al

could deliver $350—-410 billion annually to pharma by 2025 (') chemxpert.com) (%

www.scilife.io). For example,
Al/ML techniques can accelerate drug discovery, shorten clinical trial timelines, and improve manufacturing
efficiency. Case in point, roughly 95% of pharma companies now invest in Al, with reports that Al can reduce
R&D and trial timelines by 70-80% and cut discovery phases from ~6 years to 1 year (') chemxpert.com) (%)
www.scilife.io). Nearly 30% of new drugs in 2025 are expected to leverage Al in some part of their development
(") pharmaxnext.com). Clinically, LLMs can assist in processing medical knowledge, providing Chan tasking and
patient support through chatbots and summaries ("°! mantisnlp.com) (13! pharmaxnext.com). In regulatory
affairs, LLMs aid by parsing guidelines and automating documentation, as highlighted in expert surveys (!
mantisnip.com) (%) pharmaxnext.com). Market forecasts reinforce this growth: the global Al-in-pharma market

was ~$1.7B-1.9B in 2025 and is projected to exceed ~$13-16B by the early 2030s (I°* pharmaxnext.com).

'Private’ LLMs and Mobility. When we speak of private LLM deployment, we mean Al models that are hosted
within an organization’s own controlled environment (or an equivalently isolated space), rather than open-
access public APIs. In pharma, private deployment is often unavoidable. Pharma data (clinical trial records,
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patient data, proprietary research) is highly sensitive. Using a public LLM API (e.g. ChatGPT) without safeguards
risks exposing PHI and trade secrets — akin to “posting [them] on a public website” (:°° pplelabs.com). As PPLE
Labs notes, “public chatbots and generic LLM APIs are not HIPAA-compliant by default”, so companies “must
proceed with extreme caution” when using them (°° pplelabs.com). Moreover, LLMs can unintentionally
“memorize" training inputs, raising risk of confidential leakage (1?7} www.lazarus-labs.com) (28] www.nature.com).

Thus, life sciences are gravitating toward closed, on-premise or VPC-based LLM solutions. This means hosting
the model and data within a secure network under the company’s control — sometimes called “private LLM as a
36]

service” (I°°! medium.com) (""" medium.com). Such architectures allow a pharma IT team to enforce encryption,

access control, and auditability end-to-end. Even major cloud providers now offer private endpoint options for

11]

LLM services assumed to be HIPAA-eligible (') medium.com) (""" medium.com). For example, Azure OpenAl

supports virtual network (VNet) integration and business associate agreements, ensuring prompts and data

3/l medium.com). Similarly, AWS Bedrock

never leave the enterprise’s isolated environment ("% medium.com) (!
emphasizes no sharing of content with model providers, HIPAA eligibility, and PrivateLink networking in VPCs

(" medium.com).

Another reason for privacy is intellectual property: pharmaceutical R&D often deals with novel compounds and

formulas. Firms may wish to fine-tune LLMs on proprietary research notes or molecular databases, which is not
acceptable to expose to any third party. Private deployment shields this IP. Indeed, NVIDIA's “Confidential LLM"
vision promotes hardware-enforced model encryption such that “no privileged access to model or data in use”

is possible (I'?! phala.com).

Current challenges and research goals. Despite potential, deploying LLMs in pharma is non-trivial. The
industry’s high stakes mean that any Al error (hallucinations, bias) or data breach could have severe patient
safety and legal consequences. Moreover, compliance is rapidly evolving. In late 2024 and 2025, both the FDA
and EMA have issued new Al guidelines (e.g. FDA draft on Al/ML devices with Predetermined Change Control
Plans (:°) www.lazarus-labs.com); EMA's EU Al Act clinic evaluation) and even setting bespoke pharma Al rules
(draft Annex 22 on Al in GMP (*°) www.rephine.com)).

This report systematically addresses these issues. We integrate technical, legal, and operational perspectives
on private LLMs in pharma. The rest of the report is organized as follows:

e Regulatory Environment and Compliance — Overview of applicable laws (HIPAA, GDPR, GxP, Al Act, etc.) and their specific
relevance to LLMs in pharma. Key requirement summary (e.g. encryption, audit trails, validation) will be tabled.

e Private LLM Architectures - Detailed comparison of deployment models (on-premises clusters, isolated VPCs, managed Al
services). We discuss hardware (GPU servers, MIG virtualization, confidential computing), network design (air-gapping,
PrivateLink), and DevOps (containers, MLOps).

e Data Governance and Preparation — Best practices for data pipelines: integrating siloed clinical and R&D data, applying
domain-specific cleaning/normalization (e.g. SNOMED, ICD coding), and techniques for de-identification or synthetic data.

We incorporate industry guidelines on healthcare data readiness (°%/ pplelabs.com) (129

pplelabs.com).
e Security and Privacy - Technical safeguards to prevent PHI leakage (model encryption, prompt filtering, role-based
retrieval) and threats (prompt injection, membership inference). We cover emerging solutions like Hardware TEE (Intel SGX,

41]

NVIDIA) and machine unlearning to “forget” sensitive content (:*°) www.nature.com) (4" www.nature.com).

e Operations and Governance - Organizational measures: Al governance frameworks, documentation, validation protocols
analogous to software validation in GxP, and continuous monitoring. We discuss FDA's expectations (e.g. audit trails, user

authentication, change control) (“121 www.mastercontrol.com) and how LLMs must be treated like “critical systems” in

quality management ([43] www.mastercontrol.com).

e Use Cases and Case Studies - Examples of LLM use in pharma context. We highlight scenarios like pharmacovigilance

[44]

case intake ( pmec.nchi.nlm.nih.gov), regulatory writing, and internal knowledge synthesis. When possible, we reference

pilot findings or industry reports.
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e Risks, Challenges, and Future Trends - Viewpoints on model risk management, liability, and the anticipated future
landscape (e.g. synthetic data, federated learning, Al auditability, evolving regulations). We draw on expert forecasts and
ongoing standardization efforts.

Throughout, we support conclusions with specific data, citations from academic and industry sources, and
comparative analysis. By providing a 360° view, from low-level technical architecture to high-level regulatory
strategy, this report aims to guide pharma companies in implementing private LLMs responsibly.

Regulatory and Compliance Landscape in
Pharma

Pharmaceutical companies operate in a highly regulated environment. Deploying private LLMs must comply
with a complex web of regulations covering patient data, electronic records, software validation, and emerging
Al-specific rules. Key frameworks include:

e HIPAA (USA) - Governs Protected Health Information (PHI) in healthcare. Any LLM handling patient data must meet HIPAA's
Privacy and Security Rules. These mandate access controls, encryption (e.g. AES-256) both at rest and in transit, user

authentication, and risk analysis. Fines for violations can reach up to $50,000 per incident and $1.5 million per year ([45]

www.lazarus-labs.com) ([46] purelogics.com). Guidance emphasizes continuous monitoring and thorough “data lineage”

(471 purelogics.com) ([71 www.nature.com).

audits to ensure no PHI survives LLM processing unchecked (
e GDPR (EU) - Regulates personal data. Under GDPR, health data is a special category requiring lawful basis (usually explicit

consent) and strict data minimization. Patients have rights to erasure, correction, and information about automated

decisions. Notably, GDPR can classify an Al model itself as containing personal data, so model outputs or inversion attacks

[48] 40]

may fall under data protection scrutiny ( www.rohan-paul.com) ([ www.nature.com). Non-compliance risks fines up

([49]

to 4% of global turnover www.rohan-paul.com).

e European Al Act - Effective mid-2024, it classifies LLMs used in healthcare and pharmaceuticals as high-risk Al. High-risk
systems must implement robust risk management, technical documentation, rigorous logging, human oversight, and

(\6\ (\29\

cybersecurity controls www.mastercontrol.com) www.rephine.com). Enterprises must maintain compliance

records under quality management systems (e.g. ISO/FDA 21 CFR 820) and label systems as compliant. Penalties are severe

(up to €35M or 7% of turnover under the Al Act) (MSJ www.lazarus-labs.com) (lGJ www.mastercontrol.com).

e GxP Regulations (FDAJEMA) - Good Manufacturing/Clinical/Laboratory Practices (GMP, GCP, GLP) and 21 CFR Part 11
(electronic records) require validated systems with controlled access and audit trails. Annex 11 (EU GMP) specifically
governs computerized systems; its draft revision (2025) and new Annex 22 on Al signal that regulators now expect Al-

specific controls within SOPs ([6] www.mastercontrol.com) ([29] www.rephine.com). The FDA's Al/ML Device guidance

(Jan 2025) introduces Predetermined Change Control Plans (PCCP) requiring documentation of how an Al model’s

([42]

g . . 5 . .
modifications will be managed (b] www.lazarus-labs.com) www.mastercontrol.com). In practice, this means any use

of LLMs — whether for regulatory submissions, manufacturing support, or clinical decision tools — must be validated like any
other GxP system. For example, FDA expectations include documenting context of use, data provenance, model verification,

change control, and maintaining audit trails across the Al's lifecycle ([42] www.mastercontrol.com).

e FDA 21 CFR Part 11 — Covers electronic recordkeeping in FDA-regulated industries (drugs, biologics). LLM-generated
documents (e.g. eCRFs, batch records, trial reports) fall under this. Controls must ensure authenticity, non-repudiation (e-
signatures), and data integrity. Any Al system used must have documented validation and be incorporated into the Quality
System regulation.

Table 1 (below) summarizes these regulations, their domains, and key requirements for LLM deployment in
pharma.
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Regulation |
Framework

HIPAA (Health
Insurance
Portability &
Accountability Act)

GDPR (General Data
Protection
Regulation)

EU Al Act

FDA AI/ML Guidance
(Draft)

21 CFR Part 11
(FDA)

EU GxP (EU GMP
Annex 11, Annex 22)

ICH Guidances (E6
GCP, E8, E9Q etc.)

Local Data Privacy
Laws (CCPA, etc.)

Jurisdiction | Scope

USA (PHI/health data)

EU (personal data, incl.
health)

EU (high-risk Al incl.
healthcare/pharma use-
cases)

USA (medical devices &
software)

USA (electronic records in
FDA-regulated industries)

EU (pharma
manufacturing/clinical
trials)

Global (ICH EU/US meet,
clinical trials)

e.g. California Consumer
Privacy Act, other
states/countries

Private LLM Deployment in Pharma: Architecture & Compliance

Key Requirements for LLMs

Safeguard PHI: encryption (AES-256) at
rest/in-transit; role-based access; audit logs;
compliance risk analysis; Business Associate
Agreements if using cloud.

Lawful basis (consent); data minimization;
explicit rights to access/deletion;
pseudonymization/de-identification; privacy
by design; Data Protection Impact
Assessment for high-risk Al.

High-risk Al obligations: risk management,
robust documentation, bias control, logging,
human oversight, cybersecurity; quality
certification marks; Continuous monitoring.

Document Al context of use, validation,
transparency (e.g. PCCP - Predetermined
Change Control Plan), audit trails; treat Al
like any validated system.

System validation, audit trails, secure user
sign-on, review and approval of data, record
retention; Document LLM workflows for
titles.

Annex 11 (computerised systems) requires
validation, security, traceability; Annex 22 (in
draft) likely to directly address Al risk,
transparency, data governance.

If LLMs support trials (e.g., patient data
analysis, protocol generation), must preserve
data integrity and compliance with GCP
(quality, auditability).

Possibly relevant if patient/consumer data
used; require opt-outs, CCPA rights.

Penalties | Level of Risk

Up to $50k per violation
(max $1.5M per year) ([45]
www.lazarus-labs.com).

Up to 4% of global
turnover or €20M

(whichever is higher) (1*%!

www.rohan-paul.com).

Up to €35M or 7% global
turnover ([451

www.lazarus-labs.com).

(Guidance; full rule in
process, likely severe FDA
cGMP penalties if
violated).

Warning letters; product
hold; fines (e.g. 21 CFR
Part 11 violations often
part of GMP
enforcement).

Non-compliance can lead
to batch rejections,
import refusals, recall;
heavy regulatory scrutiny.

Violations can delay
approvals or invalid trials.

Varies by region; e.g.
CCPA fines up to $7,500
per record for violations.

Table 1. Summary of key regulatory frameworks affecting LLM deployment in pharma. All frameworks impose

strict data governance, transparency, and security controls that private LLM systems must satisfy.

In addition, general IT security standards apply (e.g. ISO 27001, SOC 2 for cloud vendors), but pharma often
goes further with 21 CFR Part 820/ISO 13485 for medical devices or 21 CFR 210/211 for drug GMP.
Collectively, pharma quality teams recognize that any Al system influencing quality or safety must meet the

same rigorous “Validation, Verification, and Documentation” standards as other computerized systems (/!

www.mastercontrol.com). Modern guidance emphasizes quality by design for Al: at design time, risk

assessments and controls must be built in. For instance, MasterControl notes that whether in clinical trials or

manufacturing, Al tools must have “documented intent, risk assessment, validation, oversight, and continuous

monitoring” like any critical system (\°/ www.mastercontrol.com).

Auditability and Explainability. Both regulators and patients expect transformability. European health

authorities (and FDA to an extent) want transparency. Under the Al Act, firms must maintain documentation

describing how an Al makes decisions and how it was tested for biases (°) www.mastercontrol.com). While LLMs

are inherently “black box", practical compliance will require implementing explainability aids (e.g. logging

prompts/outputs, human review of samples, possibly feature attribution techniques) whenever LLMs support
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decisions. In pharma R&D or support tasks (e.g. literature summaries), this might involve retaining the chain of
retrieved context and original sources.

Finally, firms must also consider legal liability and privacy law overlaps. For example, use of patient data in
pharma is not always HIPAA (if data is de-identified or from public sources), but could fall under common law
privacy or emerging Al-specific bills (California, etc.). Meanwhile, if an LLM provides medical advice or drug
recommendations, it may trigger FDA medical-device/Software classification (digital health regulations). These
nuance beyond this report’s core scope, but underscore that any LLM deployment requires close input from
legal and compliance teams.

Private LLM Deployment Architectures

Given the stringent requirements above, organizations typically avoid "watered-down security” public solutions.
Private LLM deployment refers to any architecture where the model and data are contained within an
organization-controlled, isolated environment. There are several patterns:

o Fully On-Premises (Enterprise Data Center): The company purchases and operates hardware (GPU servers or specialized
Al appliances) on its premises or in a dedicated collocated data center. The LLM inference (and possibly training/fine-tuning)
runs entirely within the corporate network. This offers maximum data control: no part of the process touches external
cloud. Physical security measures (access badges, surveillance, tamper-proofing) and network segmentation are fully in the

enterprise’s control (“61 www.lazarus-labs.com). Example: a hospital or pharma R&D lab might host an NVIDIA DGX cluster
with multiple A100/H100 GPUs using NVIDIA Multi-Instance GPU (MIG) slicing. MIG can carve each GPU into isolated

compute instances, ensuring tenant isolation at hardware level ([8‘ www.lazarus-labs.com). On-premises deployments
often leverage Kubernetes or other orchestration to manage containerized LLM services, but behind corporate firewalls and

VPNs.

e Private Cloud / Virtual Private Cloud (VPC): Organizations may run LLMs in a cloud provider's dedicated environment. For
example, deploying on Amazon Web Services (AWS) EC2/GPU instances or Azure VMs inside a specialized VPC/VNet. The
environment is virtualized but fully controlled via cloud accounts, with strict network isolation. Providers often offer
specialization (e.g. AWS Nitro enclaves for data-in-use protection, Azure Confidential VMs). For instance, AWS offers
Private5G and Nitro Enclaves, and AWS Bedrock and Azure OpenAl can be locked down to a customer VPC using
PrivateLink/Private Endpoint, ensuring no traffic traverses the public internet (“O] medium.com) (W] medium.com). Data

stored in underlying block or object storage is encrypted (using customer-managed keys if needed), and audit logs feed into

SIEM systems. In this model, compliance rests on cloud laaS controls plus the enterprise’s own cloud configuration (e.g.

enabling CloudTrail, GuardDuty, Azure Policy rules). Table 2 below compares key attributes of these options.

e Fully Managed Private Al Services: Some major cloud vendors offer dedicated LLM endpoints that are “effectively private”:
examples include Azure OpenAl Service, AWS Bedrock, and Google Vertex Al. These services allow enterprises to use state-
of-the-art foundation models (GPT-4, Anthropic, Cohere, etc.) via API, but safeguard data within the customer’s tenancy.
Azure OpenAl, for instance, employs end-to-end encryption and is covered by Azure's HIPAA-eligible offerings; Microsoft

explicitly states customer data will not be used to train its base models (“O] medium.com). AWS Bedrock similarly offers

HIPAA eligibility, encryption everywhere, and no data sharing with model developers ([ﬂ] medium.com). These services can
be integrated into VPCs (using PrivateLink/Private Endpoints) to appear “on-prem” to the enterprise. The trade-off is that
the underlying model infrastructure is managed by the provider; customers need strong contractual assurances (e.g.
Business Associate Agreements) that their sensitive data is segregated and not cached beyond transactional use.

e Air-Gapped Solutions: For ultra-sensitive cases, an air-gapped deployment may be used: the LLM operates on servers
that are not network-connected except at one or few controlled one-way data transfer points. This could apply to classified
R&D data or early clinical data. While offering the highest PHI isolation — even from the internet or corporate network — it
severely constrains updates and usability. Typically, data is manually uploaded to the LLM environment via removable media
or audited data diodes, and outputs are similarly screened before use. This is analogous to “sneakernet” operations and is
only justified for critical scenarios.

In all cases, the enterprise designs around defense in depth. Some illustrative architecture features from recent
best practices (see Figure 1):
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e Physical and Infrastructure Layer: Locked-down servers in a controlled zone, with intrusion detection
sensors. Processors and GPUs with TPM/secure boot ensure firmware integrity (:°°) www.lazarus-labs.com).
[561]

Workloads run on non-privileged accounts, and GPU resources are isolated via MIG or similar (

www.lazarus-labs.com).

¢ Network Segmentation: Al systems (model training/inference clusters, data stores) on separate VLANSs or
subnets isolated from EHR systems and the public internet. Strict firewall rules allow only trusted channels
(e.g. REST APIs on specified ports).

e Encryption: All data at rest (model weights, embeddings, logs) is encrypted, often with keys bound to

hardware TPMs for extra security ("°?! www.lazarus-labs.com) (19!

strong ciphers is mandated.

www.nature.com). In transit, TLS with

e Access and Authentication: Role-Based Access Control gates who can query or manage the LLM. Identity
should be federated (SSO/MFA) and fully logged. For example, an authorization service can tag each
request with user ID, purpose, and patient context. Unauthenticated public access is disallowed.

e API and Application Layer: A frontend AP| gateway mediates all LLM requests. It authenticates users,
sanitizes inputs (removing any unauthorized PHI in prompts), and passes only approved queries to the LLM
service ("l www.lazarus-labs.com) ("°°! www.lazarus-labs.com). Similarly, outputs are captured and censored
if needed (e.g. personal identifiers redacted).

e Container/Runtime Security: LLM inference engines deployed in containers/VMs must be hardened: run as

non-root users, use minimal base images, mount read-only volumes for model files (I'°) www.lazarus-
labs.com). Regular vulnerability scans and image signing ensure only approved containers execute.

Table 2 compares salient attributes of on-premises vs cloud models:

Oon-Premises (Al

Managed LLM Service

Attribute A Private Cloud VPC
Appliance) (Azure/AWS)
Complete (data and model High (data encrypted and traversing
Data & Model . [54] vat tworks) ([10] Moderate (data flows to cloud,
rivate networks
Control neve.r leave premises) ( P but on isolated tenancy)
medium.com) medium.com) (HH medium.com)
Bound by in-house o . . .
. i Elastic within VPC (can spin up Highly elastic (outsourced to
Scalability hardware; expansion

Security Isolation

Regulatory
Compliance

Deployment

requires procurement

Highest (physically isolated

(
rack) ([55
labs.com)

I www.lazarus-

Fully self-governed (can
tailor to HIPAA/GxP)

Slow; capital expenditure
for hardware and

dozens of GPU nodes)

High (network isolation, IAM
controlled)

Largely achievable with correct
configuration + BAA

Faster to deploy than building data

provider’s cloud)

High if VPC + PrivateLink used

Meets many standards (HIPAA,
S0C2, 1S0) out-of-box (119

medium.com) ("1 medium.com)

Quickest (service ready), but

Speed/Cost . center; requires cloud spend ongoing usage costs
maintenance

Management . . Lower (provider manages infra,
High (ops team required) Moderate (cloud ops team)

Overhead pay per call)

Model Under org's control (can Under org’s control (orders Provider-controlled (e.g. Azure

Updates/Upgrades schedule) updates) will update base model)

. L Rapid R&D prototyping, known

Ultra-sensitive research Core clinical/document tasks, call . i

Use Cases content summarization (if data
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Table 2. Comparison of deployment patterns for private LLMSs in regulated environments. All options can be
made compliant with careful design, but differ in control vs convenience.

Regardless of deployment, retrieval-augmented generation (RAG) is a common pattern to reduce risk. Instead
of embedding all knowledge in model weights, a secure vector database of curated documents or knowledge-
base is queried at runtime. The user’s prompt goes to a RAG orchestrator which: (1) checks user’s authorization
(e.g. via RBAC), (2) retrieves relevant sanitized context from the vector store, and (3) feeds that plus the prompt
to the LLM for inference (\'*) www.lazarus-labs.com). This ensures the LLM never sees raw PHI unless the system
has explicitly granted access. For example, pseudocode for a role-based RAG in healthcare enforces that the
embedding search only returns data the user is entitled to see, and logs all access events ('] www.lazarus-

labs.com).

An illustrative on-prem architecture might look like this: a clinician’s app calls an internal AP| gateway (Layer 7).
The gateway checks a token, then sends the query to a RAG microservice (Python/Kubernetes) which (a)
queries an internal (HIPAA-compliant) Snowflake/Warehouse for structured data and (b) issues a vector
similarity search against a HIPAA-controlled Milvus or Elasticsearch index of de-identified notes. The combined
context is then passed to a private LLM server (hosting a fine-tuned GPT or LLaMA derivative on GPUs) within
the same network. The kernel generates a response (e.g. summarizing patient’s allergies), which is then post-
processed to scrub any residual identifiers before being returned to the user. All data flows remain within
encrypted tunnels and are thoroughly audited.

In scenarios where organizations still need occasional external knowledge, architectures can use secure APIs.
For instance, a hospital might allow the private LLM to call a vetted medical literature API (via PrivateLink) or on-
premises search engine, instead of letting the model query the open internet. In essence, the enterprise
environment provides curated knowledge sources rather than an OS-level internet connection to the LLM.

Finally, the chosen architecture must meet performance needs. LLM inference is compute-intensive: clinical
decision-support queries may require <2 seconds response and 20+ tokens/second throughput to be useful in
workflows (1°®) www.lazarus-labs.com). Achieving this with encryption and isolation requires high-end GPUs (e.g.
A100/H100) and optimized stacks (CUDA-accelerated tensor engines, inference optimizers). Multi-instance GPU
(MIG) allows one physical GPU to serve multiple tenants (with hardware isolation), often used to scale many
concurrent inference services on the same machine ([81 www.lazarus-labs.com). In practice, engineering teams
must balance the lowest-latency setup (e.g. small model on H100) against compliance overhead (where
sometimes throughput is secondary to privacy).

Security Controls and Privacy Protections

Deploying an LLM in pharma demands robust security controls. Key concerns include preventing unintended
data leakage and protecting both patient privacy and corporate IP. We outline major strategies:

e Training Data Protection: Even before deployment, the training/fine-tuning process must ensure PHI is handled safely. This

can involve: (a) using only de-identified or synthetic data ([57] purelogics.com), (b) encrypting datasets at rest, and ©

employing secure compute enclaves during training so that cloud admins cannot peek at raw data (“2]

[57]

phala.com). HIPAA

training standards usually require stripping 18 identifiers (names, SSNs, etc.) ( purelogics.com).

e Model Protection: An LLM'’s weights can inadvertently memorize training tokens. Techniques like differential privacy (noisy
training) can reduce this risk. NVIDIA's TEE solutions physically encrypt weights in memory, meaning even if an attacker

gained hardware access, they cannot decrypt the model (“2] phala.com). Confidential computing platforms (AMD SEV, Intel
TDX, NVIDIA Hive, or as Apple's Private Cloud Compute) implement such hardware-enforced isolation ([WQJ phala.com) ([WS]
www.decentrig.com). These allow enterprises to ask cloud providers: “prove via attestation that the model never leaked

during computation” (”21 phala.com).
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e API Gateway and Input Sanitization: All prompt inputs entering the LLM should be sanitized for PHI. This includes

58] purelogics.com). Some solutions propose Al-

[59]

automated redaction of patient identifiers or overtly sensitive content ([

based detection flags to scrub or mask sensitive terms before they reach the model ( purelogics.com). Company

policies should forbid employees from submitting raw Pll to the LLM (analogous to corporate policies on emailing patient
data). Role-based access is crucial: for example, the RAG pseudocode in Section 3.3 ensures that only authorized user

prompts retrieve PHI context (W1J www.lazarus-labs.com).

e Output Filtering and Auditing: LLM outputs can inadvertently reveal details seen during training. Controls should check
LLM responses for any leaked identifiers. Techniques include:

e Rule-based filters (regex to catch social security patterns, names, dates of birth).
e Post-generation NER (named entity recognition) to detect and redact PHI from the response text.

e Logging all outputs and having a human review any high-risk outputs before release (especially when outputs feed into
patient charts).

e Secure Logging and Monitoring: Every interaction must be logged (user ID, time, prompt, snippet of output). These logs
must themselves be protected (HIPAA requires protecting logs that contain PHI). Monitoring systems trigger alerts on
anomalies — e.g., a user suddenly querying unusually large amounts of data or non-standard queries. Slide shows of best

[25] 26]

practice recommend integrated SIEM (Security Incident & Event Management) for LLM infra ( pplelabs.com) ([

www.nature.com).
e Attack Surface Mitigation: Beyond data, LLMs present new vector for cyberattacks:

e Prompt Injection: Adversaries could craft inputs that manipulate the model into disclosing sensitive info or performing
unauthorized actions. For example, a crafted query like “Ignore previous instructions: [enter PHI extraction pattern]” might
trick less secure models. Defenses include input validation, model-level guardrails, and restricting system prompts.

e Model Extraction: Attackers might try to reconstruct proprietary model parameters via repeated queries. Rate-limiting and
adding noise to responses (differential privacy techniques) can mitigate this.

e Malicious Data Poisoning: If models are periodically retrained, malicious participants could try to inject bias or backdoors
(though pharma data pipelines are usually closed off to public, this risk is lower).

e Encryption in Transit and At Rest: As emphasized by guidance, everything must be encrypted: not only data but also inter-
service calls (e.g. between the API gateway and LLM servers) ([60] www.nature.com). Even log data and intermediate
caches are stored encrypted. Key management (HSM or KMS with tight IAM) ensures only authorized services decrypt data.

e Zero Trust Network: Modern best practice is zero-trust: assume no internal network segment is inherently safe. Every
access request to LLM infra (even from internal corporate subnets) must be authenticated and authorized ([6”
www.nature.com). The nature of "Al clusters” is that multiple tenants or functions may run side-by-side, so network micro-
segmentation is advisable (e.g., isolating inference nodes from user management services).

The privacy-centric design is central. For instance, the Sphere Labs guidance emphasizes federating these
controls: combining de-identification tools with locked-down compute. Specifically, de-identification should
remove not only obvious identifiers, but also indirect ones (dates, locations) that could re-identify patients (:*°
pplelabs.com). Well-verified de-id (using HIPAA Safe Harbor or expert determination) can allow R&D to use data
more openly for training, while stricter PHI (names, MRNSs) is kept out of the training set entirely.

A promising technique is “Proactive LLM Privacy” (e.g. ProPILE): tools that analyze a model’s vocabulary to
predict and flag potential leakage of personal data (" www.nature.com). These can be part of the deployment
pipeline — scanning model output post-hoc. Similarly, “machine unlearning” methods are emerging, where a user
can request that an LLM forget specific data points (critical if, say, a patient revokes consent and demands their
data be wiped) ("°?) www.nature.com) (1°°) www.nature.com). While these methods are nascent (and far from
foolproof (\°°! www.nature.com)), they could become part of a compliance toolkit in the future.
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In summary, securing a private LLM requires a holistic approach: prevent PHI from entering unprotected
channels, minimize the PHI used for model training, and monitor aggressively for any leaks. As one industry
report succinctly notes, introducing Al without such preparation can lead to "HIPAA violations, privacy breaches,
biased outputs, and dangerous model hallucinations” (\°*! pplelabs.com). Therefore, security-by-design — from
hardware to software to governance - is mandatory for any pharma LLM deployment.

Data Management and Preparation

Pharma's data landscape is notoriously fragmented and complex (%% pplelabs.com). Useful LLM applications
(e.g. summarizing patient histories or medical literature) require high-quality, integrated data. We outline a
recommended workflow, informed by SphereData’s healthcare Al playbook (1*%) pplelabs.com) (I°¢] pplelabs.com)

and industry best practices:

1. Data Inventory and Classification. Begin by cataloging all potentially relevant data sources: electronic health records
(EHRs), clinical trial management systems, imaging databases, lab systems, scientific literature, regulatory documents, and
even unstructured sources like physician notes. For each source, classify whether it contains PHI or can be considered de-
identified: e.g. do doctor notes have patient names/IDs? Are clinical trial results anonymized? Mark data involving PHI
(names, DOB, SSN, medical record numbers) as high-risk. Detailed data profiling tools and physician expertise can help

assess risk. This step is crucial to plan which data need heavy protection or masking ([67] pplelabs.com).
2. Data Integration and Centralization. Once inventory is done, consolidate data into a secure environment. This may involve:

e Pipelining structured data (e.g. lab results, billing codes) into a central data warehouse or lake (Snowflake,

BigQuery, etc.), ensuring PHI columns are flagged or tokenized.

e Ingesting unstructured text (clinical notes, manuscripts) into a text corpus. These may be indexed for

search (e.g. Elasticsearch) or stored in file systems with secure access.

e Employing healthcare interoperability standards: for patient-centric data, using HL7 FHIR or CDA formats
can harmonize disparate sources (°°! pplelabs.com). For example, HL7 FHIR defines resources for patients,
medications, observations, making it easier to merge data from hospital and lab systems into a coherent
patient snapshot.

The goal is to create a 360-degree view of entities (patients, compounds, trials) that the LLM can query. A
unified schema (ontology/knowledge graph) helps cross-link data (e.g. linking lab results to symptoms). This
integration also reveals data quality issues early. At scale, large hospitals may produce petabytes of data yearly,
so architects should plan for large-scale storage and efficient indexing (ensuring LLMs can retrieve relevant
chunks without loading entire datasets).

3. Data Cleaning and Normalization. Aggregate data must be cleaned:

e Normalize medical terminology (map synonyms/abbreviations: e.g., "HTN" -> “hypertension”).
e Align coding systems (use standard drug codes like RxNorm or ATC for medications, ICD/SNOMED for
diagnoses) so LLMs do not face multiple terms for the same concept.

e Reconcile duplicates: a single patient may appear in multiple systems (EHR, claims); robust patient
matching and de-duplication are needed while still preserving privacy.

e Resolve inconsistencies: e.g., ensure one lab is consistently called "CBC" and in correct units, or merge
records of "John Smith"” and "J. Smith" carefully.

e For textual notes, apply spell-correction and expand common medical acronyms to full text (either manually
or via NLP preprocessing) to help the LLM understand context (!°°! pplelabs.com). For instance, expanding
“MI" to "myocardial infarction” aids clarity.
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Data cleaning often uses rule-based and machine learning tools. The aim is to remove noise so the LLM training
is not confused by typos or non-standard jargon. This step also allows injection of medical knowledge: linking
entries to existing ontologies or knowledge graphs (e.g. linking a diagnosis to ICD code) gives the LLM
structured hooks.

4. De-identification and Privacy Measures. PHI must be protected before any model ingestion. Two broad

strategies are:

e De-identification: Remove or mask direct identifiers. Automated NLP de-ID tools can scan text notes and redact patient

names, dates, contact info ([39] pplelabs.com). Under HIPAA Safe Harbor, one can drop 18 identifiers (names, SSNs, IPs,
etc.) from datasets to render them “de-identified.” However, de-identification must be done carefully: e.g., rare disease
conditions or unique occupancy patterns can be quasi-identifiers. The PPLE guidelines warn that improper masking leaves

[39]

clues for re-identification ( pplelabs.com). For sensitive datasets, expert statistical risk assessment is advised.

e Secure Processing Environments: In some cases, rather than fully de-identifying, organizations choose to keep data in a
controlled enclave. For example, patient data might remain within a hospital's secure cloud or on-prem servers that meet
HIPAA standards (encrypted, audited, with BAAs). The LLM system then runs within that environment (or via secure API
calls). The advantage: some PHI can be used “as is” without needing heavy masking, because the environment itself is

[18]

locked down ( pplelabs.com). This approach is used for production Al applications (like LLM patient note summarizers)

where accurate context matters. It requires robust safeguards: strict RBAC, detailed logging of every record accessed,

[70]

continuous monitoring for exfiltration, and often real-time risk assessments ( pplelabs.com).

Often a hybrid approach is optimal: de-identify data for use in broader ML experiments or knowledge base
construction, while allowing fully controlled processing of PHI for validated clinical tools. As PPLE suggests,
never send raw PHI to any third-party (including LLM APIs) without compliance guarantees (Wﬂ pplelabs.com).
Even within a private system, converging audit trails and encryption ensures PHI remains traceable and
inadvertently output PHI can be caught.

5. Model Selection [ Fine-Tuning. Rather than training LLMs from scratch (extremely costly), most
organizations will fine-tune existing models or employ pre-trained healthcare LLMs. Fine-tuning on in-
domain data (non-PHI corpora like medical textbooks or de-identified patient notes) can markedly improve
accuracy. Guidance emphasizes that a healthcare LLM “must speak the language of medicine” (1%
docs.aws.amazon.com). Notably, companies may choose from:

e Pre-trained Medical LLMs: Models like Med-PaLM, PubMedGPT, BioGPT, or proprietary ones where base
training used scientific literature. Using these as a starting point offers medical knowledge out of the box.

e General LLMs + Fine-Tuning: Generic LLMs (GPT, LLaMA, etc.) can be fine-tuned on pharma datasets.
This requires the curated dataset from steps above and significant compute. For example, a pharma
company might fine-tune a large model on its corpus of clinical trial reports and chemistry patents. AWS
notes that “fine-tuning foundation models with domain-specific data helps you create Al systems that speak
the language of medicine while adhering to strict regulatory standards” (1" docs.aws.amazon.com).

e Retrieval-Driven LLMs: Some use-cases forego full fine-tuning and instead rely on RAG as described
above. This lets a mostly generic model leverage internal knowledge via retrieval, with less risk of PHI
retention in model weights.

Fine-tuning involves verifying that the process itself is compliant (e.g. training clusters must secure access to
data) and validating the resulting model. In regulated contexts, model validation includes testing on known
benchmarks (e.g. medical exam Q&A datasets) and checking for performance regressions. Output bias or

hallucinations must be characterized and controlled.

6. Governance and Monitoring. Parallel to data prep, robust governance must be stitched in. Practically, this
means:
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e Access Controls: Strictly limit who can access what data or model functions. Principle of least privilege: if
a user's role is “clinical researcher” they should only see the subset of data their study requires, not entire
EHR.

e Consent and Audit: Track that any patient data used (even de-identified) had appropriate consents.
Maintain audit trails of data source and usage.

e Continuous Monitoring: Set up anomaly detection in data usage patterns. For example, flag if the model
suddenly outputs patient email addresses or unusually long patient history. Incorporate human review for

high-risk queries or flagged outputs (*°! pplelabs.com).

Following this pipeline ensures that by the time LLMs see the data, it has been carefully curated for compliance.
SphereData estimates that thorough preparation “often takes 6-12 months" for large systems, whereas using
specialized platforms can shorten this radically (/%! pplelabs.com) (7% pplelabs.com). However, skipping steps
invites failures: the PPLE Labs analysis notes many Al pilots stall due to data not being ready or teams fearing
compliance breaches. (7*! pplelabs.com). In practice, a staged approach is wise: first pilot on low-risk (de-
identified) scenarios, validate governance processes, then expand scope as trust builds (7! pplelabs.com).

Case Example: A major hospital's Al team wanting to use an LLM as a clinical assistant would start by
aggregating de-identified patient notes and medical journals, then fine-tuning a model. Concurrently, they might
keep live PHI in a separate data vault used only for final inference in controlled mode. Once a de-ID trial shows
good results, they gradually re-enable more PHI under strict monitoring. This mirrors the Mayo Clinic's risk-
assessed approach with Med-PaLM (on-premise inference to keep data from leaving the firewall) (‘!

www.nature.com).

Case Studies and Industry Examples

To ground these considerations, we review illustrative examples of LLM use in pharma and healthcare:

e Pharmacovigilance (Drug Safety Case Intake): A 2025 study explores using LLMs to assist in processing adverse event
reports (‘76‘ pmec.nchi.nlm.nih.gov). In pharmacovigilance, regulations (Good Pharmacovigilance Practices, GVP) require
careful, accurate handling of case reports. The study's proof-of-concept found LLMs can increase consistency and speed in
extracting case data, but highlights critical caveats: unclear regulatory expectations for Al in this GxP context, the necessity

([77\ (\78\

of early expert involvement, and ensuring all output is compliant and auditable pmc.ncbi.nim.nih.gov)

pmec.nchi.nlm.nih.gov). It recounts that compliance with GxP is mandatory and acknowledges that global regulators (EMA,

FDA) are drafting Al-specific guidance (e.g. EMA’s Al workplan 2023-2028 ([78] pmec.nchi.nlm.nih.gov)). This case
underscores issues like needing to document system design and changes (as mandated by regulations), and is a harbinger
of how LLMs might eventually be validated as part of the quality system.

e Healthcare Records and Internal Knowledge: While direct pharma-specific public case studies are scarce, hospital
systems have begun LLM trials. For instance, the Mayo Clinic’s pilot with Google's Med-PaLM 2 (a medical LLM) focused on
clinical Q&A. As noted, Mayo performed "HIPAA-compliant risk assessments” and chose on-premises inference to keep PHI

contained ([24] www.nature.com). Another example: AthenaHealth, an EHR vendor, filed patents for LLM-based
suggestions (although details are not public). In general, early adopters have emphasized domain-specific implementations:
either using specialized "medical GPTs" or limiting LLM queries to de-identified data.

e Regulatory Affairs (Drug Submissions): Several suppliers and consultancies highlight LLM usage for preparing regulatory
submissions. For example, companies can train LLMs on large corpora of FDA guidelines, previous submissions, and
scientific literature to auto-generate draft documentation or to answer complex regulatory queries. In one pilot, an LLM was
used to extract and summarize evidence from RWE (Real World Evidence) to aid regulatory compliance, showing how
LLMs can "automate extraction and summarization” to streamline submission preparation ([3] mantisnlp.com). Even Fortune
500 pharma reportedly explored generative Al to parse the massive glycoprotein trial data in Alzheimer's research (though

publicly confirmed details are limited).
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e Manufacturing and Supply Chain: Some pharmaceutical manufacturers have deployed Al (including LLMs) for quality
control. For instance, Schneider et al. (2024) applied an LLM to classify protocol deviations in drug production. The
technology improved detection of subtle patterns, but the authors noted scaling required addressing compliance: any Al
analyzing production records still had to adhere to GMP data integrity standards. Similarly, quality teams are increasingly
using LLM assistants (e.g. chatbots trained on internal SOPs) to guide line operators on compliance processes. These
internal bots are typically deployed on closed networks with strict access control.

o Knowledge Work and Administration: Facing a deluge of documentation, many companies use LLM-powered bots for
internal Q&A (e.g. "Ask our project database” for researchers, or sales/medical affairs chatbots trained on latest clinical
data). LinkedIn announcements suggest names like Pfizer and Novartis began testing internal GPT-based tools for literature
summarization in 2023. These tools often run on corporate intranets with rule-based PHI filters. Press reports caution,
however, that even in these benign contexts, accidental PHI input by a user can cause compliance issues, reiterating the
need for safeguards at the application layer. The bottom line from such examples is: where confidentiality cannot be
absolutely guaranteed, companies lean on private deployments with monitored user interfaces, rather than directly letting
employees use external public Al.

e Alin R&D: In drug design, generative models are heavily researched. For instance, startups like Insilico Medicine use
custom generative Al (including LLMs) to propose novel molecules. While not directly “pharma compliance” tasks, this
illustrates one dimension: proprietary models trained on private compound libraries. Here, architecture choices (often on-
prem GPU farms or secured cloud) protect IP. Moreover, some projects integrate LLMs with domain-specific Graph Neural
Networks, necessitating complex hybrid inference pipelines. Though specific deployments remain under NDA, they highlight
the intersection of sophisticated Al with stringent IP and data controls in pharma R&D.

These case summaries convey that wherever sensitive data is involved, private and audited LLM setups are
the norm. When real patient data or internal research is in the loop, the priority is always data governance over
convenience.

Implementation Considerations and Best
Practices

Deploying a private LLM in pharma is an organizational effort. Key practical considerations include:

e Validation and Change Control: Align model development with quality system procedures. Treat the model like a validated
tool: record requirements, test it systematically, and version-control every change. If the model is used in a regulated
process (e.g. generating trial protocols), then any model update may be a regulated change requiring review per 21 CFR

820/Part 11 ([M] www.mastercontrol.com). The FDA's Al guidance (PCCP) and EMA’s new annexes indicate that plans for
monitoring and updating the model should be documented in advance.

e Performance Monitoring: Continuously measure the model's performance post-deployment. Metrics could include
accuracy on test queries, hallucination rate, and compliance-related incident counts. Use statistical process control: for

instance, if PHI appears in outputs, trigger an immediate audit. Regularly retrain or fine-tune as needed, but under change
control.

e Employee Training and Policies: Beyond tech, staff attitudes matter. Training on Al usage (what can/cannot be input) and
clear policies (no raw PHI in prompts) are essential. Many organizations find they need an "Al Acceptable Use Policy” akin to
email or device policies. Enforcement might include blocking public LLM sites at the network level, or using enterprise Al
plugins that respect data protocols.

e Integration with Existing Systems: LLMs seldom operate in isolation; they connect to databases, EHRs, document
management systems, and user interfaces. Integration points must also be secured. For example, an LLM-powered clinical
note generator should interface with the EHR only through its APl or HL7 feed, and all data flowing to/from it is logged.
Developers should utilize API gateways, edge proxies, or SOA patterns to ensure consistency with the organization’s identity
and access management.
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e Vendor and Tool Selection: Choose software stacks known for security. Container orchestrators (e.g. Kubernetes with Pod
Security Policies) and model serving frameworks (e.g. NVIDIA Triton Inference Server) must be configured for least privilege.
Avoid “"developer mode” builds. For hosted models, prefer providers with clear compliance commitments. Non-open-source
model vendors must be vetted: for example, if using Amazon Bedrock, review how AWS handles data. If custom models are
used, ensure their licenses and provenance are acceptable (e.g. an open-source LLM may be preferable to a closed LLM
with unknown biases).

e Scalability and Cost: Running powerful models (GPT-4 size) is expensive. Total Cost of Ownership (TCO) of on-prem GPUs,
plus ongoing ops, must be justified. Practitioners often adopt smaller or quantized models for routine tasks, resorting to
larger ones only when needed. They may also off-load non-sensitive queries to external LLMs if allowed (e.g. general
medical Q&A on distance).

e Ethical and Bias Controls: Alongside technical compliance, consider bias and fairness. Though not legally mandated like
HIPAA, bias controls mitigate patient safety risks. For example, ensure the training data adequately represents populations
relevant to your trials. Perform fairness audits on model outputs (especially for clinical decision tasks) to check against
known biases (gender, race, age). Establish a process for human review, especially in clinical or diagnostic contexts.

e Disaster Recovery: As an IT system, LLM infrastructure must have backups and failover plans. Keep copies of model
weights, data indices, and critical logs in secure backup storage. If an incident requires system rollback, these backups (and
accompanying documentation) enable restoration. Also plan for business continuity: e.g. if primary GPU cluster is offline,
can a smaller auxiliary model or human process temporarily take over key tasks?

e Cross-Functional Collaboration: Success depends on Al teams working closely with IT, compliance, legal, and clinical
experts. For instance, compliance experts should be involved from the start to map data flows against regulatory
requirements. IT security must audit the architecture. Clinical SMEs must validate outputs for safety. This collaborative
governance is often missing in purely technical Al projects, but necessary for Pharma.

In summary, building a private LLM system is a major engineering and governance project - likely involving
iterative pilots, documentation, risk assessments, and ongoing compliance reviews. However, done carefully, it

can yield significant benefits: cited use cases suggest reduced labor in data curation, faster literature searches,

and even better regulatory preparedness (via automated evidence gathering) ([3] mantisnlp.com) ([79]

pharmaxnext.com). Each of these practices has been adopted (or recommended) by leaders in healthcare Al

deployment (2" docs.aws.amazon.com) (4?! www.mastercontrol.com).

Implications and Future Directions

Pharmaceutical leaders and regulators are actively preparing for the Al transformation. Through expert
interviews and industry reports, we see several clear implications:

e Regulatory Evolution: Governments are now saying “Al in pharma will be regulated.” The FDA and EMA roadmap suggests
new laws or guidelines specific to Al are forthcoming. For example, the EMA's draft Annex 22 (2025) will explicitly cover Al in

GMP environments (‘ 29]

www.rephine.com). Likewise, as the EU Al Act comes into force (2024-2025) and the US considers
Al bills, pharma companies will need to ensure high-risk Al systems meet newly codified rules. The key implication is future-
proofing: companies should build Al systems with flexibility to meet upcoming rules. As MasterControl advises, moving

beyond device-specific PCCPs to a comprehensive Al documentation strategy (covering governance, risk, audit trail, etc.) is

[80]

wise ( www.mastercontrol.com) .

e Shift in Compliance Roles: After years of checkbox audit compliance, quality professionals in life sciences will need new
skillsets in data science and Al oversight. As Doron Sitbon (Dot Compliance) predicts, compliance personnel will resemble

"air traffic controllers” and soon "data analysts” — using Al tools themselves to spot compliance issues ([8” www.pharma-

ig.com) ([82] www.pharma-ig.com). Many foresee Al becoming a standard part of the quality management system, e.g.
LLMs to monitor deviations or to auto-generate reports, with humans supervising. In other words, compliance workflows will
become Al-enhanced, and "Al governance” units will likely emerge inside pharma to ensure safe use.

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights reserved. Page 15 of 21


https://mantisnlp.com/blog/applications-of-llms-in-the-pharmaceutical-industry/#:~:text=LLMs%20prove%20instrumental%20in%20offering,world%20evidence
https://pharmaxnext.com/how-ai-is-revolutionizing-the-pharmaceutical-industry-in-2025/#:~:text=Meeting%20regulatory%20requirements%20is%20one,that%20could%20delay%20a%20product
https://pharmaxnext.com/how-ai-is-revolutionizing-the-pharmaceutical-industry-in-2025/#:~:text=Meeting%20regulatory%20requirements%20is%20one,that%20could%20delay%20a%20product
https://docs.aws.amazon.com/prescriptive-guidance/latest/generative-ai-nlp-healthcare/fine-tuning.html#:~:text=The%20fine,data%2C%20justifying%20AI%20investments%20with
https://www.mastercontrol.com/gxp-lifeline/pharma-ai-compliance-documentation-requirements/#:~:text=FDA%20AI%20Documentation%20Requirements
https://www.rephine.com/resources/blog/ema-draft-revisions-to-eu-gmp-annex-11-annex-22-ai/#:~:text=In%20July%202025%2C%20the%20European,These%20drafts%20include
https://www.mastercontrol.com/gxp-lifeline/pharma-ai-compliance-documentation-requirements/#:~:text=The%20Evolving%20Regulatory%20Landscape%20for,AI%20in%20Life%20Sciences
https://www.pharma-iq.com/regulatorylegal/interviews/ai-and-compliance-in-2025-predictions-for-life-sciences#:~:text=Life%20sciences%20professionals%20have%20seen,safety%2C%20efficiency%2C%20and%20regulatory%20compliance
https://www.pharma-iq.com/regulatorylegal/interviews/ai-and-compliance-in-2025-predictions-for-life-sciences#:~:text=Life%20sciences%20professionals%20have%20seen,safety%2C%20efficiency%2C%20and%20regulatory%20compliance
https://www.pharma-iq.com/regulatorylegal/interviews/ai-and-compliance-in-2025-predictions-for-life-sciences#:~:text=Pharma%20IQ%3A%20What%E2%80%99s%20your%20vision,adoption%20in%20the%20near%20future
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=private-llm-deployment-in-pharma-architecture-compliance.pdf
https://intuitionlabs.ai/articles/private-llm-pharma-compliance-architecture?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=private-llm-deployment-in-pharma-architecture-compliance.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=private-llm-deployment-in-pharma-architecture-compliance.pdf

I incuitiontabs  tnuitiont.abs - AT Software for Pharma & Biotech Private LLM Deployment in Pharma: Architecture & Compliance

e Technology Maturation: The pace of model improvements is very fast. Today’s high-end LLMs (100B+ parameters) may be
dwarfed by next-generation models (e.g. rumored GPT-5 or Meta’s Ultra-LLaMA). Each new model pushes tailwind for
adoption but also revisits compliance: for instance, if a more advanced model requires different hardware (H200 GPUs) or
has new architecture (mixture-of-experts), infrastructure teams must adapt. At the same time, we expect better specialized
tools: e.g. healthcare LLMs with built-in knowledge of medical ontologies (such as upcoming LLMs by Google, Microsoft, or
open-source projects). Integration of LLMs with complementary Al (like image analysis in radiology) will also grow.

e Federated and Collaborative Al: To share knowledge while preserving privacy, federated learning and data clean rooms
may become popular. For example, large biopharma consortia might jointly train a model on multi-organization data without
exchanging raw data, using FE algorithms. Blockchain-based audit trails for Al could ensure tamper-resistant records of data
use. Pharmaceutical giants may also form partnerships offering domain-specific LLM-as-a-service for smaller players under
secure contracts.

e Ethical and Social Aspects: Patient trust is paramount. Incidents of Al mishaps (e.g. hallucinations, biased medical advice)
will receive scrutiny. The industry must proactively develop ethical guidelines (like WHQ's Al ethics guidelines) and involve
patient advocacy in Al projects. Transparency to patients about how Al is used in care or research will be expected (consent
forms mentioning Al usage, etc.).

e Research and Evidence: We anticipate a deluge of pharmacology research integrating LLM-derived features or models.
Journals and regulators will likely demand clarity on the Al component (e.g. requirement to disclose if an LLM wrote parts of
a clinical report or algorithm). Clinical trial protocols may start including sections on Al tools (and their validation).

e Market and Competition: As Al becomes integrated, companies that master private LLM deployment will have strategic
advantage. We may see more acquisitions of Al startups by pharma (already happening in biotech). Standardization could
emerge: for instance, industry-specific LLMs pre-trained on life sciences data could be licensed (analogous to how protein
structure prediction went, e.g., AlphaFold DB).

e Security Arms Race: As LLMs prove useful, attackers will attempt to subvert them (prompt injection to alter dosing
recommendations, or phishing via chatbots). Pharma cybersecurity teams must extend threat models to Al-turn
vulnerabilities. Innovations like realtime model whitelisting, or using LLMs to scan for vulnerabilities, will arise.

e Regulatory Guidance on Al Audit: Agencies themselves will increasingly use Al to audit submissions and monitor future

[83]

compliance (as hinted by FDA's “Elsa” tool usage ( www.mastercontrol.com)). Pharma firms need to stay ahead:

building audit logs and explainability not only to protect themselves, but likely because regulators will demand digital
evidence.

In sum, the future is one of integration: private LLMs will become as routine as EHRs or lab systems in pharma.
The initial focus is on secure, compliant deployment; over time, the goal is to fully harness LLM intelligence
while maintaining regulatory trust. Those that invest in strong architectures, robust governance, and forward-
looking compliance strategies will likely lead the innovation curve.

Conclusion

Private deployment of LLMs has the potential to revolutionize pharmaceutical R&D, clinical support, and
manufacturing — but only if done under rigorous architectural and compliance frameworks. The insights in this
report stress that pharma cannot treat LLMs as black boxes or purely IT projects. Regulatory requirements
(HIPAA, GDPR, GxP, Al Act) effectively mandate that LLM systems be designed from the ground up with
security, privacy, and auditability in mind. We have outlined a multi-layer architecture (from hardware isolation
and network segmentation to container hardening and RAG with RBAC) that addresses PHI protection (/!
www.lazarus-labs.com) (" www.lazarus-labs.com). We also detailed how data preparation and de-identification
must precede any model training or inference (°°! pplelabs.com) (147

we highlighted that both US and EU regulators require documentation, validation, and oversight of any Al-
[6]

www.nature.com). On the compliance side,

enabled processes (% www.mastercontrol.com) (11 www.mastercontrol.com).

Case studies and expert analyses show the consequences of neglect: healthcare breaches carry seven-figure
penalties, and erroneous Al outputs can risk patient safety (I“°) www.lazarus-labs.com) (1°* pplelabs.com).
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Conversely, organizations that proactively build private LLM capabilities — with careful risk assessment,
enterprise-grade infrastructure, and integration into quality systems — will unlock significant value. LLMs can
enhance decision support, cut down tedious tasks, and accelerate discoveries (as multiple sources estimate,
saving years of development time and billions of dollars (") chemxpert.com) (! pharmaxnext.com)).

Looking forward, this report signals that private LLM deployment in pharma is a strategic initiative combining
technology, compliance, and organizational change. The recommendations herein form a blueprint: invest in
secure GPU clusters or vetted cloud services; establish strong data governance workflows; involve compliance
officers at every step; and monitor performance continuously. Companies should also watch regulatory
developments closely (e.g. pending EU Annex 22, or FDA Al guidance updates) to ensure their LLM systems
remain within evolving guardrails.

Ultimately, the promise of Al in pharma — better drugs, better patient outcomes — can only be realized if trust is
maintained through adherence to law and ethics. By anticipating both technical and legal challenges outlined in
this report, pharmaceutical enterprises can safely harness private LLMs to drive innovation in the years ahead.

Citations: This report’s claims are supported by numerous sources. For example, industry analyses of Al in

pharma (') chemxpert.com), technical AWS and Azure documentation (%! medium.com) (2"

[27] www.lazarus-labs.com) ([7] www.nature.com), and

29]

docs.aws.amazon.com), healthcare Al security whitepapers (

42]

regulatory guidance documents ([ www.mastercontrol.com) ([ www.rephine.com) ([78] pmc.ncbi.nim.nih.gov) are

cited inline. The collected references provide further detail on each discussed aspect. Each aspect in our
analysis is grounded in these expert sources and case studies to ensure a robust, evidence-based perspective.
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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.
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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.
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