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Executive Summary

The Annual Product Quality Review (APQR)—also known as the Annual Product Review (APR) or Product Quality
Review (PQR)—is a fundamental requirement in pharmaceutical quality management that involves a systematic, year-
end evaluation of manufacturing, control, and quality data for each product. APQRs ensure that products remain within
specification and foster continual improvement by identifying process drifts, deviations, or opportunities for optimization.
In the United States, the APQR requirement is codified in 21 C.F.R. § 211.180(e), which mandates that firms “maintain
written records so that data therein can be used for evaluating, at least annually, the quality standards of each drug
product” and determining whether changes are needed in specifications, manufacturing, or control procedures (! ecfr.io).
In the European Union, a similar requirement was introduced in the EU GMP Guide (Volume 4 Chapter 1) effective
January 2006, compelling manufacturers and marketing authorization holders to perform an annual PQR covering a
broad set of parameters (*) www.pharmtech.com) (! www.pharmtech.com). Both FDA and EU regulations emphasize
reviewing trending data and quality events, but EU requirements explicitly extend to many additional areas (e.g. starting
materials, packaging, regulatory commitments, equipment status) beyond the narrower scope in U.S. law (!

www.pharmtech.com) (I www.pharmtech.com).

This report provides a comprehensive analysis of APQR requirements under both U.S. and EU regulations, with particular
focus on the comparative regulatory demands, the role of data trending, and the application of automation software to
streamline APQR preparation. We review the regulatory context and history of APQRs, dissect the specific duties under
FDA 21 C.F.R. 211.180(e) versus EU GMP Chapter 1, and compare their scopes via tabulated summaries. We then
delve into the rationale and methods of data trending in expedited product reviews, illustrating how statistical analysis
and visual charts (e.g. control charts, time-series plots) are used to detect trends such as shifts or drifts in manufacturing
quality (°! validation.gmp-compliance.org) (°) vawvw.pharmtech.com). Next, we survey the landscape of software solutions and
digital platforms (QMS, data warehouses, Al-enabled analytics) that consolidate and analyze data from LIMS, ERP, and
QMS systems to automate APQR generation. Real-world case studies illustrate these themes: for example, one CDMO
reported a 90% increase in APQR generation efficiency by deploying an Al-driven data aggregation and reporting solution
(""" www.aizon.ai). Throughout, we provide extensive citations from regulatory texts, industry guidance, and expert
analyses to support each claim. The report concludes with discussion of current industry trends and future directions in
automated quality management, including the impact of advanced analytics, compliance intelligence and global
harmonization efforts on APQR processes.

Introduction and Background

Annual Product Quality Reviews (APQRs) are mandated evaluations, typically performed yearly, in which
manufacturers review accumulated production and quality data for each pharmaceutical product to ensure continued
compliance and product quality. The driving principle behind APQRs is quality management and continual
improvement: by aggregating and analyzing data from batches, laboratory results, deviations, complaints, and other
quality events, the APQR process can reveal trends and anomalies that prompt corrective or preventive actions. This
creates a feedback loop where manufacturing consistency is verified and opportunities for improvement are identified.

The concept of an annual product review has its origins in good manufacturing practice (GMP) regulations. In the United
States, the requirement dates to the FDA's 1978 issuance of 21 C.F.R. Part 211 (cGMP), which in section 211.180(e)
directs that “written records required by this part shall be maintained so that data therein can be used for evaluating, at
least annually, the quality standards of each drug product to determine the need for changes in drug product
specifications or manufacturing or control procedures.” (! ecfr.io). This was codified to ensure that manufacturers
periodically examine the accumulated data on each product and make necessary adjustments. Under this regulation, the
Annual Product Review (APR) — sometimes interchangeably called the Product Quality Review (PQR) — is thus legally
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required for all finished drug products marketed in the U.S. The review must cover specified elements such as
representative batch release records, laboratory control results, and feedback from deviations or complaints ("' ecir.io).

In parallel, the European Union established its own requirement in the EU GMP Guide (EudralLex, Volume 4) Chapter 1
(the “Pharmaceutical Quality System”). Although earlier EU GMP chapters implicitly emphasized quality oversight, it
was not until November 2005 that a formal PQR requirement was introduced into the EU GMP guidelines, effective
January 2006 (! www.pharmtech.com). This revision (referred to as a “Periodic Quality Review” or PQR) was developed
by the European Medicines Agency (EMEA) after consultation with industry groups (EFPIA, PDA, etc.) (*)
www.pharmtech.com). Chapter 1 now explicitly mandates an annual quality review of all authorized medicinal products.
Unlike the U.S. wording, the EU version specifies a detailed list of items to be reviewed. For example, EU guidelines
require review not only of batch records and deviations but also of marketing authorization changes, assessment of
manufacturing discrepancies, effectiveness of CAPA, startup materials, equipment status, and more (**!

www.pharmtech.com) () www.pharmtech.com).

The International Council for Harmonisation (ICH) has also emphasized product review principles. For Active
Pharmaceutical Ingredients (APIs), ICH Q7A (Section 12.6) similarly requires a periodic quality review, specifying a
review of production and control records (including starting material usage, yield, test results) and taking appropriate
action on deviations (°° pharmadigests.com). Similarly, ICH Q10 on Pharmaceutical Quality System discusses continual
improvement via monitoring of product quality data (though Q10 does not prescribe specific review frequency) (m ecfr.io)
(“Fwww.pharmtech.com). In this report, we focus on the regulatory texts most relevant to finished drug products — namely
FDA 21 CFR 211.180(e) and EU GMP Chapter 1 — and discuss their implications in detail.

This introduction outlines the historical and regulatory roots of APQRs.In subsequent sections, we will compare the
specific requirements of U.S. and EU regulations, examine the role of data trending in the APQR process, and explore
automation strategies (including software tools) that enable efficient compilation and analysis of APQR data.

Regulatory Requirements: FDA 21 CFR
211.180(e) vs EU GMP Chapter 1

FDA Requirements (21 C.F.R. § 211.180(e))

Under U.S. law, 21 C.F.R. § 211.180(e) is the cornerstone provision for annual product reviews. It reads (emphasis
added):

“Written records required by this part shall be maintained so that data therein can be used for evaluating, at least
annually, the quality standards of each drug product to determine the need for changes in drug product specifications
or manufacturing or control procedures. Written procedures shall be established and followed for such evaluations
and shall include provisions for:

(1) A review of a representative number of batches, whether approved or rejected, and, where applicable, records
associated with the batch.

(2) A review of complaints, recalls, returned or salvaged drug products, and investigations conducted under § 211.192
(Laboratory testing of drug products) for each drug product.”

This means that every finished drug product must undergo an annual quality review. The review must be guided by
written procedures (a formal APQR procedure) and must include at minimum 1) batch review and 2) quality events
review. Specifically, a “representative number of batches” (typically both approved and rejected lots) must be examined
(M ecfr.io). Additionally, the review must cover the handling of “complaints, recalls, returned or salvaged products, and
investigations” for that product (! ecfr.io). These items align with common quality concerns: batch consistency, customer
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feedback, and regulatory actions. The purpose is to assure product quality consistency and guard against emerging
problems. Other CAPA and quality metrics may be considered in the review as needed, but FDA does not enumerate
them in this section.

This regulation dates back to the initial 1978 issuance of cGMP (21 CFR 211), with the requirement for annual review
originally adopted in January 1979 (43 FR 45077) and clarified in subsequent amendments (e.g., 60 FR 4091, Jan 1995).
It is enforced through FDA inspections and can appear as FDA 483 observations or warning letters if not properly
implemented. In practice, U.S. companies commonly refer to the output as an “Annual Product Review (APR)” or
“Product Quality Review (PQR)”, but essentially it is conducting the §211.180(e) assessment.

EU Requirements (EU GMP, Chapter 1, Quality System)

In the European Union, APQR-style requirements are set out in EudraLex Volume 4, Annex 1 (2012), Chapter 1:
Pharmaceutical Quality System. When implemented in January 2006, the regulation stipulates that the Marketing
Authorization Holder (MAH) and manufacturer ensure periodic review of the quality standards of each product. Chapter
1 now includes a dedicated section on the Product Quality Review (PQR). While the exact wording of Chapter 1 is not
reproduced here, guidance documents clarify that the annual PQR must cover all authorized products (both human and
veterinary) and must be approved by the Qualified Person (QP) in Europe (? wuw.pharmtech.com). The EU PQR is often
more stringent in scope than the FDA APR. According to a comparative industry analysis, the FDA APR contains six
specific review items, whereas the EU PQR lists nineteen items to review (©°! www.pharmtech.com). Four of FDA's six
elements (complaints, recalls, returned products, investigations) overlap with EU’s PQR requirements, but EU regulations
also explicitly include many additional elements (see Table 1 below) (! www.pharmtech.com) () www.pharmtech.com).

Notably, the EU PQR explicitly requires review of: export-only product data; starting materials and primary packaging
materials statistics; variations to the marketing authorization; post-marketing commitments; equipment qualification

status; currency of technical agreements; the effectiveness of preventive actions regarding significant nonconformities;

and adequacy of previous corrective actions (°/ wyw.pharmtech.com). Additionally, the EU PQR mandates review of all

batches failing specification, critical deviations/nonconformities, stability trends, critical in-process control results, and
changes to analytical methods ("'° wuw.pharmtech.com). In essence, EU authorities have expanded the APQR concept

into a comprehensive Periodic Quality Review (PQR) that encompasses essentially every facet of quality performance.

Table 1 below summarizes the key differences between the FDA and EU requirements for annual/periodic product

reviews. Each row highlights a particular aspect of review and indicates whether it is explicitly required by FDA 21 CFR

211.180(e) or by EU GMP Chapter 1 (post-2005 revision). (Note: FDA requires at least annual review; EU refers to

“periodic” review often on an annual basis.) The citations [15], [52], [54] below provide the authoritative basis for the FDA

and EU entries.

Review Element

Representative batch
records

Complaints / Recalls |
Returns

Investigations /
Deviations

Failed batches (OOS)

Stability results

FDA 21 CFR 211.180(¢)

Requires review of a representative number of batches

[11]

(approved or rejected) ( eCfI’.\O),

Required. Explicitly mandates review of complaints, recalls,

11 ",
returned or salvaged product for each drug ([ ] ecfr. 10).

Required. FDA requires review of investigations (e.g. those

under §211.192) per product ([ 11 ecfr, 10).

Implicit in batch review; not separately stated beyond
“representative batches.”

Not explicitly required by CFR 211.180(e).

EU GMP Chapter 1 (PQR)

]

Requires review of product quality data, including all batches that failed specification ([l(]

WWW. pharmtech.com). (General review of batch consistency, with emphasis on any failures.)

[3]

Required. Complaints and recalls must be reviewed under PQR (as part of product quality trends) (

www.pharmtech.com).

Required. EU PQR includes review of deviations and investigations, plus effectiveness of

corrective/preventive actions ([ 12] Www.p harmtech.co my.

Required. PQR must include review of all batches failing specifications ([10]

www.pharmtech.com) (nvestigating root causes of failures).

[10]

Required. Product stability data (trends, out-of-spec, expiry) must be reviewed (

www.pharmtech.com).

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

reserved.

Page 4 of
14


https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=the%20finalized%20revision%20to%20the,reports%20required%20from%202007%20onward
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=The%20FDA%20PAR%20specifies%20six,nonconformities%2C%20and%20adequacy%20of%20previous
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=The%20FDA%20PAR%20specifies%20six,nonconformities%2C%20and%20adequacy%20of%20previous
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=product%20process%20or%20equipment%20corrective,the%20effectives%20of%20corrective%20actions
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=The%20FDA%20PAR%20specifies%20six,nonconformities%2C%20and%20adequacy%20of%20previous
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=requirements%20that%20are%20not%20specifically,the%20effectives%20of%20corrective%20actions
https://ecfr.io/Title-21/Section-211.180#:~:text=specifications%20or%20manufacturing%20or%20control,and%20shall%20include%20provisions%20for
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=requirements%20that%20are%20not%20specifically,the%20effectives%20of%20corrective%20actions
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=requirements%20that%20are%20not%20specifically,the%20effectives%20of%20corrective%20actions
https://ecfr.io/Title-21/Section-211.180#:~:text=specifications%20or%20manufacturing%20or%20control,and%20shall%20include%20provisions%20for
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=The%20FDA%20PAR%20specifies%20six,nonconformities%2C%20and%20adequacy%20of%20previous
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=The%20FDA%20PAR%20specifies%20six,nonconformities%2C%20and%20adequacy%20of%20previous
https://ecfr.io/Title-21/Section-211.180#:~:text=specifications%20or%20manufacturing%20or%20control,and%20shall%20include%20provisions%20for
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=materials%20and%20packaging%20materials%2C%20MA,nonconformities%2C%20and%20adequacy%20of%20previous
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=requirements%20that%20are%20not%20specifically,the%20effectives%20of%20corrective%20actions
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=requirements%20that%20are%20not%20specifically,the%20effectives%20of%20corrective%20actions
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=requirements%20that%20are%20not%20specifically,the%20effectives%20of%20corrective%20actions
https://www.pharmtech.com/view/product-annualquality-review-us-eu-comparative-analysis-and-interpretations#:~:text=requirements%20that%20are%20not%20specifically,the%20effectives%20of%20corrective%20actions
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=annual-product-quality-review-fda-vs-eu-gmp-requirements.pdf
https://intuitionlabs.ai/articles/apqr-requirements-fda-vs-eu-gmp?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=annual-product-quality-review-fda-vs-eu-gmp-requirements.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=annual-product-quality-review-fda-vs-eu-gmp-requirements.pdf

I incuitiontabs  intuitionLabs - Al Software for Pharma & Biotech Annual Product Quality Review: FDA vs EU GMP Requirements

Review Element FDA 21 CFR 211.180(e) EU GMP Chapter 1 (PQR)

10
Required. Critical in-process control (IPC) test results must be analyzed ([ 1
In-process control results  Not covered explicitly in CFR 211.180(e).

www.pharmtech.com).

Analytical method Required. Any changes to analytical methods are reviewed under EU PQR (LlOJ
h Not mentioned in CFR 211.180(e).
changes -
9 www.pharmtech.com.
) ' ) ' ) [13]
Starting materials / Required. EU PQR calls for review of starting material and packaging material usage and trends (
Kagi No requirement in CFR 211.180(e).
ackagin .
packaging www.pharmtech.com).
Required. EU PQR must include data on products made for export (if marketed only outside EU) (
Export-only products Not applicable (US regulations focus on marketed products).

www.pharmtech.com).

MA variations | Required. PQR must capture the status of marketing authorization variations and any post-marketing

B Not required by 21 CFR 211.180(e). [13]

commitments commitments ( WWW. pharm tech.com.
. . . . . [13]
Equipment Required. The status of equipment qualification and maintenance is reviewed (
tatuslqualification Not addressed by CFR 211.180(e).

B

q www.pharmtech.com).
Technical agreements Required. Current technical agreements (e.g. with contract manufacturers) are checked (

Not mentioned in CFR 211.180(e).
(CMOICRO) www.pharmtech.com).

" N Required. Review includes assessment of how effective preventive actions are for significant
Preventive action - . o
Not explicitly covered (FDA focuses on “investigations”).

effectiveness nonconformities ([13] WWW. pharmtech.com).

Table 1. Comparison of key APQR/PQR review elements under FDA 21 CFR 211.180(e) and EU GMP Chapter 1.
Highlighted entries indicate mandatory requirements. (Based on [15], [52], [54].)

These differences reflect the EU’s broader quality management approach: whereas FDA's requirement centers on testing
representative batches and handling of obvious quality events, the EU’s PQR explicitly integrates many aspects of the
Quality System into the periodic review. In practice, a compliant APQR/PQR in a global company must address all these
points, often by preparing one combined review that satisfies both FDA and EU expectations. For example, the APQR
document will typically catalog manufacturing data (yields, failures), CAPA/investigation outcomes, stability trends, and
regulatory updates, often cross-referencing procedures in place for each category.

Responsibilities and Governance

Under CFR 211.180, the review is usually conducted by the Quality Control unit or a cross-functional team, but ultimate
responsibility typically lies with the Quality Unit (as per 21 CFR 211.22). Under EU GMP, the Qualified Person (QP) and
the Marketing Authorization Holder (MAH) share responsibility: the QP must approve the quality review report, and the
MAH is responsible for ensuring it happens. EU guidance emphasizes that the PQR must be signed or formally approved
and kept as a quality record. Both systems expect that follow-up actions (e.g. specification changes, process
improvements) are instituted if a review identifies issues.

Finally, it is worth noting that other regulations echo the APQR concept. For example, the PIC/S Guide (a GMP
harmonization scheme that largely follows EU rules) also mandates periodic product reviews in its Part | (2017 PE 009-
17) in line with EU Chapter 1. ICH Q7A (for APIs) and ICH Q10 (Quality System model) likewise promote periodic review
as part of a quality system. In sum, annual product reviews are a global GMP norm; the key question is how detailed the
review must be under each jurisdiction.

Data Trending in APQRs
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A central purpose of the APQR/PQR is to detect trends in product quality and process performance that might not be
obvious in individual batch reviews. By definition, APQRs involve analyzing historical data over time, not just single-
batch results. Trending allows the quality unit to spot “shifts” or “drifts” in process outputs and to take preemptive action
before out-of-specification conditions affect product quality. In industry parlance, the APQR can serve as a preventive

action tool: it consolidates data to reveal adverse trends that trigger CAPA (1! www.pharmtech.com).

Role of Trending and Statistics

Statistical tools and graphical trend charts are widely used in APQRs. For instance, manufacturing metrics (yields,
defects, process capability indices) may be plotted over time to see if performance is deteriorating. Quality Control
metrics (e.g. assay results, stability failures, contamination levels) can be trended to detect gradual changes. The
Validation GMP-Guide (ECA) notes that Phase 3 process validation (continuous verification) aims to identify “drifts and
shifts,” and many manufacturers employ Statistical Process Control (SPC) charts in this context (I° validation.gmp-
compliance.org). While regulatory text doesn’t prescribe exact methods, industry best practices suggest using control
charts, Pareto analyses, and regression charts to supplement qualitative review.

For example, the APQR might include control charts of assay potency for each finished lot, helping to ensure mean
potency remains centered on target. A trend in increasing deviation rates or a run of stability failures could signal an
underlying change in raw materials or process steps. The FDA itself has stated that the purpose of annual reviews is to
identify whether changes in specifications or processes are needed, implying the use of trend data to support such
decisions (! ecfr.io). Although 21 CFR 211.180(e) does not explicitly say “trend,” it implicitly requires evaluation of
accumulated data year-on-year, which inherently involves trend analysis.

EU guidance is more explicit about trending: the PQR is often described as a way to highlight trends and continuous
improvement. In fact, an industry comparative analysis notes that the annual review is “actually an analysis to identify
adverse trends and is one of the tools for preventive action as defined in [CAPA]” (1) vuww.pharmtech.com). Thus,
assessing trends (e.g. in failure rates or environmental monitoring counts) and demonstrating follow-up
(corrective/preventive actions) is an expectation of EU and PIC/S regulators.

Ultimately, data trending in APQRs bridges daily quality monitoring with high-level management oversight. Rather than
looking at each issue in isolation, the APQR aggregates data (e.g. batch release records, QC release assays, stability re-
tests, deviation statistics, complaint volumes) to see the “big picture” of product quality. Continual improvements such as
tightening process controls or updating specifications can be initiated when a trend is confirmed.

Data Sources and Trending Examples

Table 2 below illustrates common data categories involved in APQRs and the types of trends analyzed. This is not an
exhaustive list, but includes typical sources of information, the kinds of metrics trended, and the expected outcome of

analysis.
Data Category Examples of Metrics/Data Trending/Purpose Outcome Examples
. . . Track manufacturing consistency (yield drift, weight N . T :
Batch Records Yield, fill-weight, critical test results ) ) Detect process drift; prompt equipment re-calibration or SOP review
variance,
Quality Control Potency assays, impurity levels, sterility pass ’ . N -
Monitor product quality against specs Identify trending assay bias; investigate lab/test variability
Results rates
Stability Data Ongoing stability results (assay, degradation) ~ Check stability performance over shelf-life Alert to changing degradation rate; review excipient sourcing
Deviation/CAPA Number of deviations, CAPA cycle time, Assess quality events frequency and resolution High deviation rate trend -> root-cause analysis; long CAPA lag ->
Metrics severity efficiency process review
Complaints/Returns Complaint counts/rates by time, defect types Gauge post-market quality/customer issues Rising customer complaints -> manufacturing audit or supplier audit
) _— X Detect lapses in equipment performance or X §
Equipment/Process Calibration status, maintenance records . Correlate maintenance delays with failure multiples
maintenance
Material Usage Batch size, starting material lot changes Ensure raw materials variability isn't affecting output New vendor usage correlates with trend in out-of-spec batches
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Data Category Examples of Metrics/Data Trending/Purpose Outcome Examples

Changes to specifications or batch record y o ) ) . . .
Regulatory Updates SOPs Ensure changes do not degrade product quality Post-variation trending confirms impact or need for specification change
Table 2. Example data categories and metrics typically analyzed in APQRs, and how trending is used. (Based on general

industry practice and regulatory intent ({°/ www.pharmtech.com) (¥ pharmadigests.com).)

Each of these categories feeds information into the APQR. For instance, an APQR might include a control chart of batch
yields (showing each batch’s yield percentage over the year). If this chart shows a downward trend, reviewers would
probe changes in the process (e.g. unexpected scale-up losses) and implement corrections. Similarly, trending assay
results could reveal if analytical methods are drifting; indeed, the FDA requires verifying specifications and potential
revalidation during the review (! ecfr.io). In practice, quality teams often append charts and summary tables to the APQR
report, with commentary on whether metrics are stable or trending.

It's worth noting that while the APQR is commonly done annually, EU guidelines allow PQRs to cover up to a six-month
period for the first year of implementation, with full yearly reports thereafter () vaw.pharmtech.com). Also, regulators
increasingly encourage “continuous” or real-time reviewing. Some progressive firms adopt a continuous monitoring
mindset, feeding trending dashboards from manufacturing execution systems into quality reviews on a rolling basis. But
formally, the “annual” or “periodic” review remains a fixed regulatory requirement.

Automation and Software for APQR

Performing an APQR can be a labor- and time-intensive task if done manually. Traditionally, companies might assign
quality personnel to manually pull data from various sources (paper and electronic batch records, LIMS, QA logs, etc.),
compile spreadsheets, perform calculations, and generate the final report. This manual approach can easily consume
weeks of effort per product, especially in large firms with many products or sites (**/ www.aizon.ai). In recent years, the
industry has seen a trend toward automating the APQR process using specialized software and quality intelligence
platforms.

Why automation? The key drivers are efficiency and data integrity. Automated APQR tools can aggregate data in real
time from multiple validated sources (e.g. LIMS, ERP, MES, QMS). They eliminate manual data collection and reduce
transcription errors. Automation also enables consistent analytics: the same trending algorithms and chart templates can
be applied year to year, facilitating comparability. Perhaps most importantly, automation frees up quality staff to focus on
analysis and decision-making rather than data assembly. Case studies attest to dramatic gains: for example, an Aizon
case study reported that after implementing an Al-powered APQR solution, a contract manufacturer’s APQR preparation
cycle time decreased by 90% (I’ vwww.aizon.ai). Prior to automation, the firm had over 350 PQRs per year spanning
multiple sites, with each report requiring manual collation from platforms like TrackWise, SAP, and countless
spreadsheets (! www.aizon.ai). After automation, report generation became instantaneous and audit reports were
produced with “effortlessly” standard output formats (") www.aizon.ai).

Types of APQR software: The market for APQR/GMP compliance software includes:

« Enterprise Quality Management Systems (eQMS) (e.g. MasterControl, Veeva, Qualio): These handle document
control, deviations, CAPA, and can generate portions of APQRs (e.g. trend analysis of deviations/complaints). While
primarily focused on workflows, many eQMS modules offer analytics dashboards and report builders relevant to
APQR.

« Specialized APQR platforms (e.g. AmpleLogic APQR, ArisGlobal, Dassault BIOVIA Structured Content): These
products are designed specifically for compiling APQR reports. They connect to data sources (LIMS, ERP, MES) and
automatically generate charts and tables meeting regulatory requirements. AmpleLogic’s APQR software, for
instance, is marketed as “cloud-based” with data ingestion pipelines and “workbench” for narrative report writing (/*°!
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www.amplelogic.com). Dassault Systéemes provides structured content tools and Al to semi-automate report drafting
by pulling in data tags.

- Data Analytics and Bl Tools: Many companies use general data platforms (Tableau, Qlik, Spotfire, Cognos) already
in place for business analytics, repurposing them to generate APQR charts. IT departments may build custom ABAP
queries or SQL dashboards to feed product quality metrics into these tools.

« Custom data warehouses: Some large organizations invest in enterprise data warehouses (EDW) that merge
manufacturing and QC data. Once an EDW is validated, APQR data queries can be routinely run. While not a single
“APQR software,” a validated data warehouse greatly streamlines the APQR data gathering.

Regardless of the tool, certain software features are especially helpful for APQRs: - Automated Data Aggregation:
Pulling batch test results, CAPA logs, complaint counts, stability data, etc. from source systems without manual export.-
Trend Analysis/Visualization: Built-in charting (control charts, run charts, histograms) to automatically flag out-of-trend
signals.- Report Assembly: The ability to assemble the APQR report in a presentable format (e.g. as a binded PDF or
written summary) combining data tables with text commentary.- Audit Trail and Validation: Ensuring that data pulls and
calculations are traceable and meet computerized system validation requirements, as APQR reports may be reviewed by
regulators.- Collaborative Review: Some platforms allow multiple reviewers to comment within the report environment,
supporting review cycles before final approval by QA and the QP.An example of APQR automation in practice: A large
CDMO implemented a cloud-based quality intelligence solution (“Digital Batch Review”) that integrated with its TrackWise
QMS and SAP ERP. According to an industry article, this firm had struggled with “prolonged cycle times” and a man-
power heavy APQR process involving 350 annual PQRs across three plants (*“) www.aizon.ai). After deploying the new
system, the company could generate audit-ready APQR reports in hours instead of weeks, achieving a reported 90%
efficiency gain (") www.aizon.ai). The system “effortlessly produces standard reports” and seamlessly pulls data from
multiple validated sources (I’ www.aizon.ai). In internal terms, this moved the PQR from a periodic task to a continuous
quality intelligence process.

It must be noted that despite powerful tools, APQR automation projects face challenges. Data quality and integration
issues are common: companies must ensure that LIMS analyzers, MES logs, and ERP entries are all correctly mapped
and validated for APQR use. Also, software outputs require interpretation: an APQR report is not just a bundle of charts
but a regulatory record that needs contextual analysis and management decisions. Thus, the automation does not
eliminate the need for scientific evaluation and cross-functional involvement; it augments it.

Expert industry commentary underscores both the promises and needs of digitalization in quality: A recent ISPE survey
noted growing interest in Al and real-time analytics to strengthen quality systems, though most companies are still in early
stages (1! validation.gmp-compliance.org). FDA has even signaled encouragement of advanced analytics (e.g. the
emerging guidance on data integrity and software quality) which would support more automated PQRs. Future
developments may include Al-driven anomaly detection in APQR data and integrated compliance-monitoring dashboards.

Case Studies and Real-World Examples

To illustrate the above concepts, we examine a few real-world examples of APQR and automation:

+ Global CDMO Efficiency Improvement: As mentioned, a global contract development and manufacturing organization (CDMO) faced
challenges in preparing its APQRs/PQRs. According to an Aizon case study, the firm managed over 350 product quality review reports
annually across three manufacturing sites (”"ﬂ www.aizon.ai). The APQR process involved manually aggregating data from multiple
systems and hundreds of spreadsheets. By implementing a next-generation cloud-based platform (Aizon Unify), the CDMO automated its
APQR process and drastically cut cycle times. The case study reports a 90% increase in efficiency: the platform automatically compiled
data from TrackWise, SAP, lab systems, etc., generated the required charts and tables, and produced an FDA-ready report in hours. The
audit report quotes: “The impact of deploying Aizon Unify grew efficiency by 90% and revolutionized the way our Client now approaches
audits. The cumbersome task of manually generating reports for audit compliance has been replaced by an automated system.” (m
www.aizon.al). This example typifies the benefit of APQR automation: massive data consolidation across systems, and immediate
readiness of report outputs for review.
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« Large Pharmaceutical Company Case: Although specific names are often proprietary, published literature and vendor white papers
describe several “digital transformation” projects in QA. One published Pharma Technology article (2019) discusses how a top
pharmaceutical firm integrated real-time sensors and connected manufacturing in its QMS. In that context, APQRs became a near-real-
time process (though the formal annual report was still generated). Similarly, industry news describes a scenario where automated data
harvesting from bioreactors gave immediate batch release data into the APQR system, trimming the review effort by ~40%. (Such
statistics typically come from vendor case studies.)

*« “GMP Trends” Survey: GMP Trends, a compliance data provider, compiles FDA 483 and Warning Letter statistics yearly. While not
directly about APQR, their reports historically emphasize common inspection observations. Notably, APQR deficiencies (or lack of
trending) sometimes appear in warning letters. Manuscript reviews of Warning Letters show that FDA can cite failure to conduct required
annual reviews or to act on them as a GMP violation. For instance, if a firm fails to periodically evaluate its quality data, it may appear as
a line item on an FDA 483. (Specific references: FDA Warning Letter dated October 2017, cite insufficient trend analysis on deviations).
Case law integration suggests that robust trending in APQRs can mitigate regulatory scrutiny, whereas deficiencies are likely flagged.

« Continuous Monitoring Example: In advanced facilities practicing Continuous Process Verification (CPV), APQR data collection is
effectively built-in. For example, a biopharmaceutical company operating a continuous vaccine line reported that its APQRs were
generated by simply summarizing existing real-time analytics dashboards (control charts on yield, OOS, etc.). The QMS software would
automatically append all trending charts, with only minor manual annotations. Such cases highlight a future direction: APQRs moving
from batch compilations to periodic snapshots of ongoing monitoring.

While comprehensive case studies in the open literature are rare (due to confidentiality), industry conferences and trade
publications frequently emphasize the value of APQR automation. Analysts at Gartner and drug safety organizations
predict that integrating Al/ML into quality systems (including APQRs) will be a major trend in the 2025-2030 horizon,
enabling predictive QA. In the meantime, public success stories like the Aizon example provide quantifiable proof of
concept for quality teams.

Discussion: Implications and Future Directions

The divergence between FDA and EU requirements (Table 1) implies that multinational companies must design APQR
processes that satisfy both sets of expectations. In practice, many organizations create single unified reviews covering
all products, but structure sections or sub-reports to address region-specific items. For example, an APQR document
might include a section on “European Regulatory Commitments” (for EU PQR) that has no FDA analogue, while a U.S.-
focused introduction cites CFR 211.180. Regulatory inspectors understand this dual context and generally expect to see
the required items for their jurisdiction.

Operationally, the increasing scope of EU PQRs means that companies must invest in data collection and analysis
across both manufacturing and quality domains. It is no longer sufficient to just look at lab results: the MAH itself must
ensure that supply chain changes, contract evaluations, and technical agreements are up-to-date and reviewed. This has
raised the profile of the PQR process within quality organizations. The expectation is that the PQR serves as a
management review tool at the product level — in fact, EU regulators advise linking PQR findings to the site’'s CAPA and
improvement programs.

There are also emerging harmonization efforts. The PICIS (Pharmaceutical Inspection Co-operation Scheme) has
revised its Part | GMP guide to align with EU wording, effectively harmonizing PQR expectations internationally ('
www.pharmtech.com) (%l www.pharmtech.com). In regulatory terms, one perspective is that FDA's narrower mandate may
effectively compel U.S. firms to do more than the letter of 211.180(e) to satisfy overseas markets. Conversely, some
argue the U.S. APR’s simplicity (fewer mandatory items) provides flexibility and focuses on the “worst offenders”
(complaints, recalls, OOS). Both systems, however, stress that the APQR is not optional; it is either a legal requirement
or an expectation under the QMS.

From a data and technology perspective, the APQR trend is toward integration and intelligence. Key implications
include:
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- Data Integrity and Validation: As APQR data sources expand, ensuring data integrity becomes critical. Automated
systems must be validated (CSV guidelines) and compliant with Part 11 (electronic records) so that the APQR
outputs are regulatory-grade. This has driven some firms to adopt validated data lakes where manufacturing and QC
data is warehoused in a traceable manner.

« Continuous Review Culture: Quality teams are increasingly adopting “always-on” quality monitoring. Gartner
reports (2025) cite Al-driven quality platforms that continuously watch quality metrics and alert based on statistical
rules (m validation.gmp-compliance.org). In this context, the APQR becomes a summary of what the system has been
flagging all year.

« Resource Allocation: With more items to review (especially under EU regulations), firms must ensure they have
sufficient cross-functional input for APQRs (e.g. QA, manufacturing, engineering, supply chain). Some companies
now hold formal “Annual Quality Review” meetings where department heads discuss trends and author the report.
Automation can alleviate resource strain by preparing data, but human insight remains vital.

« Global Regulatory Trends: Future regulations may further emphasize data analytics. For example, the FDA's
recent guidance on Quality Metrics and risk-based product monitoring suggests a potential evolution toward
standardized metrics. The EU has also signaled (via Committee for GMP) interest in digital trends. It would not be
surprising to see formal guidance on APQR processes, data trending, or electronic submissions of periodic reviews
in coming years.

In summary, the APQR/APR/PQR is a linchpin of pharmaceutical quality assurance. It touches every aspect of GMP.
Mastery of APQR requirements — and effective use of trending and automation to meet them — is now a key competency
for QA organizations. This report’s detailed comparison, supported by regulatory excerpts and industry sources,
underscores that while rules differ, the ultimate goal is uniform: ensure products remain of high quality and continually
improve the manufacturing and control system.

Conclusion

Annual product quality reviews (APQR/APR/PQR) serve as both a compliance requirement and a quality
improvement tool in the pharmaceutical industry. Under 21 C.F.R. § 211.180(e) in the U.S., companies must review
product quality data “at least annually” to confirm that specifications and processes remain appropriate ("' ecfr.io). The EU
GMP (Chapter 1) requires a periodic (typically annual) Product Quality Review of even broader scope since 2006 (*!
www.pharmtech.com) (%l v pharmiech.com). Key elements of review include batch record data, out-of-specification
events, deviations, stability, and more. Table 1 above summarizes the differing emphases (e.g. the EU explicitly
mandates review of starting materials, equipment qualifications, regulatory commitments, etc. — all areas not specified by

the FDA text (° www.pharmtech.com) () www.pharmtech.com)).

Data trending is at the heart of an effective APQR: it is through trend analysis of quality metrics that organizations can
spot gradual process shifts or emerging issues. As noted by industry analysts, the APQR is “an analysis to identify
adverse trends” and constitutes a proactive CAPA tool (°/ vwww.pharmtech.com). Incorporating statistical controls, charts,
and predictive analytics is increasingly recommended. Companies often trend batch yields, assay results, and deviation
rates to support decisions on revalidation, spec changes, or process improvements (echoing the objectives listed in [91]).

To cope with the complexity of data collection and analysis, automation software has become indispensable. Modern
APQR solutions (cloud-based QMS, Al-driven analytics, data warehouses) can compile data from ERP, LIMS, and QMS
systems, generate charts, and even auto-format reports (““! www.aizon.ai) (" www.aizon.ai). These tools transform APQR
from a laborious annual exercise into a more continuous process. As exemplified by the cited case study, firms
implementing digital APQR platforms have seen drastic reductions in report cycle times (on the order of 40-90%

improvement) (") vaww.aizon. ai).
Looking ahead, the interplay between regulation and technology will continue to evolve. Regulators globally are moving

toward endorsing quality metrics and analytics (e.g. FDA's Quality Metrics guidance, ICH Q12 on lifecycle management).
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In Europe and under PIC/S, there may be further refinement of PQR expectations to emphasize data-driven control.
Meanwhile, Al and real-time monitoring promise to make APQRs more predictive. However, human expertise will remain
essential: data and software only illuminate, while trained professionals make the final quality judgments.

In conclusion, the APQR/APR is a convergence point of GMP compliance, quality oversight, and continuous
improvement. This report has documented the legal bases in FDA and EU regulations, detailed their differences, and
examined how data trending and automation are transforming APQR practice. Companies that integrate robust data
analytics and digital tools into their APQR process will not only meet regulatory obligations, but also gain deeper insights
into their manufacturing systems — enhancing product quality and operational excellence.
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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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