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The rapid adoption of large language models (LLMs) and

generative artificial intelligence has transformed biomedical
literature mining. Research teams across biotechnology startups,
pharmaceutical enterprises, and contract research organizations
(CROs) routinely deploy automated agents to summarize
literature, extract assay data, and accelerate lead optimization.
However, in systematic reviews and evidence synthesis, a major

methodological line in the sand has been drawn.

In a landmark release, the Cochrane joint position statement on

responsible Al in evidence synthesis—published alongside the

Campbell Collaboration, JBI, and the Collaboration for
Environmental Evidence—established that standalone Al cannot
serve as an autonomous evidence synthesizer. Operating under
the Responsible use of Al in evidence SynthEsis (RAISE)
framework, the verdict is unambiguous: while Al tools can assist

in preliminary query formulation and structural extraction,
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ultimate scientific and regulatory accountability remains strictly
NP (IR GeTiePative models must not make autonomous Page of
evaluative judgements without documented, auditable human

oversight.

For biopharma scientists and evidence leads working in peptide
therapeutics, antibody-drug conjugates (ADCs), and peptide-
drug conjugates (PDCs), this verdict is not a restrictive
bottleneck. Rather, it provides an essential blueprint for survival.
Peptide science presents unique analytical and chemical failure
modes that general natural language processing (NLP) models
are fundamentally unequipped to handle. Relying on unvetted Al
extractions for peptide evidence curation creates severe
regulatory risks, false structure-activity relationship (SAR) signals,

and costly clinical failures.

This article examines why general Al models fail when
processing peptide data, outlines a defensible hybrid human-
plus-Al evidence curation workflow, defines the mandatory
metadata schema required for lot comparability, and provides
statistical auditing strategies to ensure your synthesized

evidence withstands rigorous FDA and IND regulatory audits.

Why General Al Fails in Peptide Science:
The Bioanalytical Blind Spots



General LLMs operate on statistical token predictability rather

httpeHgrP EReRRiEaMNdomain comprehension. When extracting Page of
experimental data from published papers, patents, or internal
reports, general Al parsers consistently confuse superficial
reporting with true analytical equivalence. In peptide evidence
curation, four major bioanalytical blind spots undermine

automated extraction.

Key Takeaway: High-throughput Al extraction tools
frequently conflate HPLC sequence purity with net peptide
content, missing counterion salt weights and non-orthogonal
analytical limits. Unverified Al extractions can introduce 20%

to 40% errors in quantitative dosing meta-analyses.

1. Conflating HPLC Purity with Net Peptide Content
(NPC)

The most widespread data extraction error in automated peptide
reviews is treating Reverse-Phase High-Performance Liquid
Chromatography (RP-HPLC) peak area purity as active

compound weight.

A paper reporting "10 mg of synthesized peptide at 98% purity"
does not contain 9.8 mg of active peptide. Lyophilized peptide
powders exist as salts containing variable quantities of bound
counterions (typically trifluoroacetate, acetate, or chloride) and
non-covalently bound water. Net peptide content (NPC) typically
ranges between 50% and 80% of total gross weight. An Al model



extracting gross mass without calculating NPC introduces a 20%

Ntiped/ AOI9868tEMatic overestimation of active dosing in subsequént ©f
meta-analyses, skewing calculated 1C50, EC50, and toxicity
thresholds.

2. Omission of Counterion Species and Toxicity
Artifacts

During solid-phase peptide synthesis (SPPS), final cleavage from
resin using trifluoroacetic acid (TFA) leaves residual TFA
counterions bound to basic amino acid side chains (Lys, Arg, His)
and the N-terminus. Residual TFA is a strong acid and an active
biological modifier. In cell-based potency assays, unexchanged
TFA counterions drop micro-environment pH, inhibit cellular
proliferation, alter cell membrane permeability, and induce non-

specific cytotoxicity.

Unless a structured prompt explicitly demands counterion
extraction, standard LLM tools ignore whether a study utilized a
TFA salt, an acetate salt, or a hydrochloride (HCI) salt. Comparing
biological efficacy across studies without normalizing counterion

states yields contradictory SAR data.

3. Blindness to Analytical Method Orthogonality

When an Al model extracts "Purity: 95%", it rarely verifies the
underlying analytical methodology. A single RP-HPLC run

measured at 220 nm evaluates UV-absorbing peptide impurities



but remains completely blind to soluble aggregation states (such
Nttras/ ARAERE SFBligomers) or non-UV absorbing salts. Page of

Without orthogonal validation—combining RP-HPLC, Size-
Exclusion Chromatography (SEC-HPLC) for aggregation profiling,
Mass Spectrometry (LC-MS / MALDI-TOF) for monoisotopic mass
confirmation, and Amino Acid Analysis (AAA) for absolute
quantification—reported purity figures are structurally

incomplete.
4. Aggregation and Formulation Vehicle Ambiguity

Peptides are conformational molecules prone to self-assembly
into beta-sheet fibrils or amorphous aggregates depending on
vehicle pH, ionic strength, surfactant presence, and freeze-thaw
cycles. General NLP models routinely aggregate bioactivity data
from studies using monomeric formulations alongside studies
using aggregated solutions, attributing variable bioactivity to

primary sequence rather than physical state.

The Proposed Hybrid Human-Plus-Al
Evidence Curation Workflow

To align peptide evidence synthesis with Cochrane rules and
regulatory expectations, biopharma organizations must
implement a multi-tiered hybrid workflow. In this architecture, Al

handles high-throughput document ingestion and entity



recognition, while human experts operate as mandatory
irgatekeepErs At defined adjudication checkpoints. Page of
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Stage 1: Automated Ingestion and LLM Parsing

Document parsers and fine-tuned LLMs process primary
literature, patents, and technical dossiers. The Al extracts text,
tables, and supplementary material, converting unstructured

prose into a pre-defined JSON schema.
Stage 2: Deterministic Constraint Validation

Before human review, automated rule engines validate extracted

data against hard biochemical logic:

e Mass Balance Check: Does reported theoretical molecular

weight match the primary sequence?

e Purity vs. Content Check: Is reported purity distinguished

from net peptide content?



¢ Plausibility Bounds Check: Are reported IC50 values
hitps://moldaiege With explicit concentration units and buffer Page of

conditions?

If an extraction violates basic biochemical constraints, the system

automatically flags the record for priority human adjudication.
Stage 3: Human Expert Adjudication Checkpoints

Human adjudication is mandatory at four specific scientific

checkpoints before any data point enters the central synthesis

repository:

A, Critical Warning: Never pass unadjudicated Al
extractions into requlatory IND or NDA dossiers. Automated
extraction without human validation at critical analytical

checkpoints violates Cochrane methodology and risks

regulatory rejection during agency review.

Adjudication Checkpoint A: Salt Form and Counterion
Verification

Human experts review all records where the counterion is
unstated or where TFA-to-acetate counterion exchange status is
ambiguous. If the primary text omits salt details, adjudicators
mark the counterion as "Unspecified/Presumed TFA" and adjust

confidence scoring.

Adjudication Checkpoint B: Orthogonal QC Verification



Adjudicators confirm whether reported purity is supported by

s HROYeNST 1HiBthods (e.g., LC-MS monoisotopic mass Page of
confirmation plus SEC-HPLC for aggregation) or relies on a
single unvalidated RP-HPLC trace.

Adjudication Checkpoint C: Net Peptide Content Normalization

Where gross weight is reported without NPC, human experts
calculate theoretical net peptide content using amino acid
composition modeling or require supplementary CoA

verification.

Adjudication Checkpoint D: Potency and Biological Vehicle
Harmony

Adjudicators inspect cell culture vehicles, buffer composition,
pH, and protein binding controls to confirm that reported
biological potency reflects genuine target interaction rather than

vehicle toxicity.

Essential Metadata Fields for Peptide
Comparability
To render evidence synthesis defensible for internal drug

discovery or external regulatory filings, every curated study must

capture a standardized 8-domain metadata schema.
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Sampling Strategies to Audit Al Outputs
for Regulatory Defensibility

To establish that an Al-assisted curation pipeline meets
Cochrane standards of methodological integrity, biopharma
organizations must implement statistical quality control auditing.
Simply checking a few random records is insufficient; auditing
must be systematic, risk-stratified, and mathematically

documented.

Pro Tip: Implement double-extraction protocols during (nitial
pipeline benchmarking. Calculating inter-annotator
agreement metrics such as Cohen's Kappa ensures your

automated extraction prompts meet stringent requlatory

accuracy thresholds before scaling up.

1. Risk-Stratified Audit Sampling Model



Instead of uniform random sampling, divide extracted data
P EBTEY TRt ¥’k strata based on potential regulatory and Page of

scientific impact:

¢ High-Risk Stratum (100% Human Audit): All records
directly supporting primary in vivo lead candidate
selection, clinical trial dosing benchmarks, or pivotal

safety/toxicity endpoints.

¢ Medium-Risk Stratum (20-30% Random Audit): In vitro
SAR binding screening data, high-throughput affinity

screens, and secondary cell-based assays.

e Low-Risk Stratum (5-10% Random Audit): Broad
background literature, historical synthesis yields, and

preliminary qualitative scoping studies.
2. Measuring Extraction Agreement: Cohen's Kappa

For categorical metadata fields (such as counterion species,
orthogonal QC presence, and modification types), calculate
inter-annotator agreement between the Al model and human

expert reviewers using Cohen's Kappa (k):
K:<P0_Pe)/(1_Pe)
Where:

e P, is the observed proportion of agreement between Al

extraction and human expert adjudication.



e P.is the expected proportion of agreement under chance.
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Target Threshold: For evidence packages intended for IND or
NDA regulatory submissions, the pipeline must maintain an
overall Cohen's Kappa score of k 2 0.85 across all metadata

domains.
3. Critical Error Rate Tolerance Thresholds

Extraction errors are classified into two distinct operational

severity categories:

1. Critical Errors: Misidentifying sequence amino acids,
omitting modification positions, conflating gross weight
with net peptide content, or confusing TFA salts with

acetate salts.

o Tolerance Threshold: < 2.0% Critical Error Rate. Any
batch audit exceeding 2.0% triggers an immediate
halt, prompt re-engineering, and 100% manual re-

adjudication of that stratum.

2. Minor Errors: Formatting discrepancies in author names,
minor typographical errors in non-essential prose, or

missing non-critical reference tags.

o Tolerance Threshold: < 5.0% Minor Error Rate.
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Ready Ground Truth

Implementing a Cochrane-compliant evidence curation pipeline
requires a reliable ground-truth baseline. When auditing Al
extractions or calibrating predictive SAR models, biopharma
research teams depend on experimental data derived from

rigorously characterized, fully documented peptide standards.

This is where specialized manufacturing standards become

critical. Leading research institutions and biotech development

teams rely on platforms like MOL Changes to establish

uncompromising analytical baselines. By providing

comprehensive custom peptide synthesis and counterion

conversion options—including verified TFA-to-acetate or TFA-to-
HCI salt exchange—researchers can eliminate counterion

artifacts at the physical source.

Furthermore, validating evidence synthesis frameworks requires
confidence in manufacturing cleanroom conditions and
analytical depth. Operating under an ISO 9001:2015 and Class

100 cleanroom analytical QC infrastructure, MOL Changes

ensures that every synthesized lot undergoes rigorous multi-tier
testing. Whether conducting SAR optimization with specialized

peptide CRO modifications across 300+ functional groups or

verifying lot-to-lot consistency through orthogonal peptide

analytical testing_and CoA verification (covering RP-HPLC purity,
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LC-MS monoisotopic mass confirmation, net peptide content,
"PSHE ENEWEONIA levels), having certified experimental proof ~— P29¢ of
ensures your digital evidence curation remains grounded in

absolute physical reality.

Summary & Implementation Checklist

Cochrane's verdict on Al in evidence synthesis is a call for
scientific accountability. By replacing unvetted Al automation
with a defensible hybrid curation workflow, biopharma
organizations can leverage Al efficiency without sacrificing

regulatory defensibility or scientific integrity.

Immediate Action Checklist for Biopharma Evidence
Leads:

1. Audit Existing Workflows: Identify where unverified LLMs

are currently extracting peptide literature or assay datasets

across your organization.

2. Deploy the 8-Domain Schema: Update database
architectures to mandate fields for counterion salt form,

net peptide content percentage, and orthogonal QC status.

3. Establish Adjudication Checkpoints: Implement
mandatory human expert review for high-risk data points,
specifically around salt forms, NPC calculations, and vehicle

toxicity.



4. Institute Statistical Quality Sampling: Monitor extraction
hitps://molh@apesriEnce using risk-stratified sampling and enforce a"#9¢ ©f
strict <2.0% critical error rate limit (k > 0.85) for regulatory-

facing syntheses.

5. Anchor to Verified Experimental Standards: Ensure all
digital models and evidence baselines are benchmarked

against fully characterized, certified analytical standards.



