
IJDDT, Volume 16 Issue 43s, 2026 Page 1350 
 

REVIEW PAPER 

 
Forced Degradation Studies For Stability Assessment and Analytical 

Method Development: A Comprehensive Review 

Tabassum I. Hangad1*, Rajesh R. Patil2 
1Research Scholar , PCET’s, Pimpri Chinchwad University, School of Pharmacy, Sate, Maval (PMRDA) Vadgaon, Pune-

412106, Maharashtra, India 

Email: talkwithtabbu@gmail.com 
2Dean and HoD, PCET’s, Pimpri Chinchwad University, School of Pharmacy, Sate, Maval (PMRDA) Vadgaon, 

Pune-412106, Maharashtra, India

 
 

ABSTRACT 

Forced degradation studies are used to determine how a drug behaves when it is exposed to different conditions,  

such as heat, light, acid, base, and oxidation. These studies help us understand how and why a drug breaks down and 

the type of products formed during this process. This information is important to ensure that the medicine remains 

safe and works properly over time. In this review, the basic idea of forced degradation studies is explained simply, 

along with the common stress conditions used in testing. It also covers the main guidelines that need to be followed 

and the analytical methods used to study the degradation products. The use of simple and systematic approaches, 

such as Quality by Design, in method development is also briefly discussed. Overall, forced degradation studies help 

in developing stable and reliable medicines and play an important role in maintaining their quality throughout their 

shelf lives. 
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1. Introduction and Regulatory Significance of Forced Degradation Studies 

Forced degradation studies, commonly known as 

stress testing, represent a cornerstone methodology in 

pharmaceutical development that bridges the critical 

gap between regulatory requirements and practical 

analytical method development. These studies 

involve subjecting drug substances and drug products 

to stress conditions more severe than accelerated 

stability conditions, providing comprehensive insight 

into the intrinsic stability of pharmaceuticals and 

enabling the identification of potential degradation 

pathways and impurities that may form during 

manufacturing, storage, and distribution. 1, 2 

The  regulatory  landscape  governing  forced 

degradation studies is established by the International 

Council for Harmonisation (ICH) guidelines, which 

have harmonized stability testing requirements across 

major pharmaceutical regions, including the United 

States, European Union, and Japan. The ICH 

Q1A(R2)   guideline  specifically addresses the 

stability testing of drug substances and defines the 

conditions and duration for long-term, intermediate, 

and accelerated stability studies3. Concurrently, ICH 

Q1B outlines photostability testing requirements, 

whereas ICH  Q2(R2) provides  comprehensive 

validation criteria for analytical methods used in 

stability assessment. The recently introduced ICH 

Q14 guideline emphasizes the importance of 

Analytical Quality by Design (AQbD) principles in 

method development, requiring organizations to 

establish  a comprehensive   understanding  of 

analytical procedures throughout their lifecycle. 4–6 

The strategic importance of forced degradation 

studies extends beyond  simple regulatory 

requirements. These studies serve multiple critical 

functions: they identify and characterize degradation 

products that may compromise drug safety and 

efficacy, establish the stability-indicating capability 

of analytical methods, determine rational degradation 

endpoints based on pharmaceutical relevance, and 

provide data essential for shelf-life determination and 

storage-condition     recommendations. The 

comprehensive nature of forced degradation data 

enables regulatory authorities to assess whether a 

drug product will maintain acceptable quality 

throughout its intended shelf life, thereby ensuring 

patient safety7.8 

Figure 1: Comprehensive overview of forced 

degradation study parameters, including stress 

conditions, degradation levels observed in the 

literature, analytical techniques employed, and 

adoption trends in method development approaches. 

 

2. Stress Conditions, Endpoints, and ICH 

Guidelines Framework 

 

2.1 ICH-Recommended Stress Conditions 

The ICH guidelines recommend a standardized 

battery of stress conditions designed to 

comprehensively evaluate the stability of 

pharmaceuticals. Acidic hydrolysis, typically 

conducted at 1N and 2N HCl at elevated 

temperatures (typically 40-60°C), evaluates the 

susceptibility of drugs to acid-catalyzed degradation 

pathways. Basic hydrolysis using NaOH solutions 

(1N and 2N) at similar temperatures assesses alkaline 

degradation mechanisms, which frequently reveals 

ester hydrolysis, diketopiperazine formation, and 

oxidative coupling pathways in susceptible 

molecules.9,10 

Oxidative stress testing, most commonly achieved 

through hydrogen peroxide (H2O2) exposure at 3% 

concentration and elevated temperatures, represents 

one of the most pharmaceutics light sources (visible 

and UV light at defined intensities), assess 

photostability and identify light-induced degradation 

products that may form during manufacturing, 

packaging, and storage under non-ideal conditions.11 

Neutral hydrolysis under aqueous conditions without 

pH adjustment provides additional mechanistic 

information  about  pH-independent hydrolytic 
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pathways, whereas humidity stress testing in some 

cases (particularly for solid dosage forms) reveals 

degradation mechanisms dependent on moisture 

absorption.12 The choice and intensity of stress 

conditions vary depending on the chemical structure, 

intended formulation, and storage conditions of the 

drug substance, emphasizing the importance of a 

scientifically rational experimental design based on 

physicochemical properties13. 

 

Figure 2: Mechanistic Pathways of Drug 

Degradation under Various Stress Conditions 

2.2 Endpoint Definition and Pharmaceutical 

Relevance 

The definition of appropriate endpoints is a critical 

aspect of forced degradation study design that has 

received increased regulatory attention is the 

definition of appropriate endpoints14. The scientific 

rationale for endpoint definition must ensure that all 

pharmaceutically relevant degradation pathways are 

adequately evaluated. For "reactive" drugs that 

readily degrade under stress conditions, the target 

degradation endpoint should achieve 5-30% total 

degradation, providing sufficient material for 

degradation product characterization while avoiding 

the formation of secondary degradation products that 

might obscure primary mechanisms15. For "stable" 

drugs that show minimal degradation even under 

severe stress, a defined amount of stress should be 

applied (e.g., specified temperature duration, defined 

H₂O₂ concentration) regardless of achieved 

degradation levels, ensuring that comprehensive 

evaluation of potential pathways has been 

conducted.13 

 

The ICH guidance emphasizes that endpoints should 

be justified through comprehensive study planning 

that considers the drug's chemical structure, 

functional groups susceptible to degradation, and 

mechanism-based predictions of potential 

degradation pathways16. Regulatory authorities 

expect scientific justification for endpoint selection, 

demonstrating that the chosen conditions represent 

appropriate stress levels for evaluating the full 

spectrum of potential degradation mechanisms 

without resorting to unreasonably extreme 

conditions10. 

 

2.3 Regulatory Expectations and Guidance 

Documents 

Regulatory compliance with forced degradation 

studies requires adherence to multiple, interconnected 

ICH guidelines. ICH Q1A(R2) establishes the 

fundamental framework for stability testing protocol 

design, specifying the storage conditions, sampling 

intervals, and analytical parameters to be monitored 
3,10. ICH Q2(R2), the recently updated validation 

guideline, places particular emphasis on the 

specificity and stability-indicating capability of 

analytical methods, requiring that methods be 

validated under various stress conditions to confirm 

their ability to distinguish between the drug substance 

and its degradation products.17This represents a 

significant evolution from earlier approaches, as 

regulatory expectation increasingly focuses on 

demonstrating that analytical methods are inherently 

robust and capable of detecting clinically relevant 

degradation.18 

 

The ICH Q3A(R2) and Q3B(R2) guidelines establish 

thresholds for the reporting and qualification of 

impurities,   including   degradation   products 
19. Degradation products exceeding 0.05-0.1% 

(depending on the daily dose and maximum intake) 

typically require structural identification, 

characterization, and safety assessment 20. The 

FDA's guidance on the safety qualification of drug 

substance impurities complements these ICH 

standards, emphasizing the importance of a 

mechanistic understanding of degradation pathways 

and the need for comparative safety assessment when 

novel degradation products are identified 
21.Regulatory submissions increasingly expect 

comprehensive degradation pathway maps that 

explain not only what degradation products form, but 
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mechanistically why they form and under what 

conditions they are most likely to accumulate.22 

 

Figure 3: Regulatory framework and systematic 

workflow for conducting forced degradation 

studies, illustrating ICH guideline alignment and 

endpoint definition strategies. 

 

3. Analytical Technique Selection and 

Characterization of Degradation Products 

 

3.1 Chromatographic Separation Methods 

Reversed-phase   high-performance   liquid 

chromatography (RP-HPLC) remains the most 

widely employed technique for forced degradation 

analysis, offering excellent selectivity, sensitivity, 

and practical applicability for routine pharmaceutical 

quality control 23. The versatility of this method 

allows  for the simultaneous separation   and 

quantification of the drug substance, related process 

impurities, and degradation products, making it 

particularly valuable for stability-indicating method 

development. 24  . Ultra-performance   liquid 

chromatography (UPLC) and ultra-high-performance 

liquid chromatography (UHPLC)  have gained 

significant adoption owing to their enhanced 

efficiency, reduced analysis time, and improved 

sensitivity, enabling more rapid and comprehensive 

impurity profiling during drug development 25, 26. 

Advanced separation techniques, including high- 

performance thin-layer chromatography (HPTLC), 

provide   complementary  information and   are 

particularly valuable for the visual assessment of 

degradation product formation and rapid method 

development.27. Two-dimensional     liquid 

chromatography (2D-LC) and comprehensive liquid 

chromatography (LC×LC) approaches offer enhanced 

separation power for complex mixtures, where 

single-column separations prove insufficient for 

baseline resolution.28 . The selection of an analytical 

technique should be driven by the complexity of the 

mixture, the number and chemical diversity of the 

expected degradation products, and the intended 

application (method development, characterization, 

or routine quality control 29. 

 

3.2 Mass Spectrometry and Advanced 

Characterization 

Liquid chromatography-mass spectrometry (LC-MS) 

coupling has become essential for comprehensive 

degradation  product   characterization, providing 

molecular  weight determination, fragmentation 

pattern analysis, and structural elucidation 

Capabilities 30 .High-resolution mass spectrometry 

(HRMS) and time-of-flight (TOF) instruments enable 

accurate mass measurements, which are critical for 

proposing the molecular formulas and structures of 

novel degradation  products. 31 Tandem  mass 

spectrometry (MS/MS) provides collision-induced 

dissociation (CID) spectra that facilitate structural 

elucidation by revealing characteristic fragmentation 

patterns  and  enabling differentiation  between 

isomeric degradation products 32. 

The integration of advanced mass spectrometry with 

nuclear magnetic resonance (NMR) spectroscopy 

provides definitive structural confirmation for major 

degradation products 33. ¹H and ¹³C NMR 

spectroscopy, including two-dimensional techniques 

such as heteronuclear single quantum coherence 

(HSQC) and heteronuclear multiple bond correlation 

(HMBC), enable the unambiguous assignment of 

hydrogen and carbon atoms and determination of 

connectivity patterns, degradation processes, 

polymorphic transitions, and drug-excipient 

interactions without requiring sample dissolution or 

separation 34. In silico prediction tools, including 

computational chemistry, predict likely degradation 

pathways and enable the prioritization of analytical 

efforts toward the most probable degradation 

products. 35 Artificial intelligence and machine 

learning approaches are emerging as tools for pattern 

recognition in complex chromatographic and mass 

spectrometry data, potentially enabling automated 

identification and classification of degradation 

products.36,37 
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4. Stability-Indicating Method Development and 

Validation 

 

4.1 Method Development Strategy and Critical 

Method Parameters 

Stability-indicating analytical methods must 

demonstrate specificity through the baseline 

separation of the drug substance from all potential 

related substances, process impurities, and 

degradation products38. The development of such 

methods requires comprehensive method scouting to 

evaluate various chromatographic conditions 

(stationary phase chemistry, mobile phase 

composition, pH, flow rate, and temperature) and 

detector parameters (wavelength selection for UV- 

Vis detection and ion transitions for MS 

detection)39. Critical method parameters that 

significantly impact separation and detection should 

be identified through systematic assessment or design 

of experiments40. 

The mobile phase composition and pH are 

particularly critical parameters, as they directly 

influence the drug substance and impurity ionization 

state, affecting retention, resolution, and peak 

shape.41 Buffer selection should consider not only 

chromatographic performance but also compatibility 

with downstream detection techniques (particularly 

important for LC-MS methods, where volatile buffers 

are preferred) and potential for buffer-drug 

interactions that might interfere with degradation 

product separation. Column temperature significantly 

influences separation selectivity and is increasingly 

recognized as an important method parameter worthy 

of systematic optimization, as it affects both column 

efficiency and analyte hydrophobicity-based 

retention.42 

 

4.2 ICH Q2(R2) Validation Parameters 

Method validation establishes documented evidence 

that an analytical procedure reliably and 

reproducibly produces results appropriate for its 

intended use43. Specificity testing requires the 

analysis of intentionally stressed samples (all 

degradation conditions) to confirm that the analytical 

method can distinguish the drug substance from the 

degradation products and related substances. 44 Peak 

purity analysis (available on modern HPLC systems 

with photodiode array or UV-Vis detectors, or 

through MS) confirms that eluting peaks represent 

single chemical entities and not co-elutions of 

multiple compounds that might inflate potency 

results.45 

Linearity and range validation establish the 

concentration range over which the method produces 

proportional responses to analyte concentration, 

typically with correlation coefficients exceeding 

0.999.46 Accuracy (recovery) studies conducted at 

multiple concentration levels (typically 50%, 100%, 

and 150% of the target concentration) confirm that 

the method accurately quantifies the analyte in the 

presence of excipients and degradation 

products. 47 Precision studies (repeatability and 

intermediate precision) with relative standard 

deviations typically not exceeding 2% confirm 

reproducibility of results.48 

Robustness testing through intentional variation of 

critical method parameters (flow rate ±10%, mobile 

phase pH ±0.2 units, column temperature ±5°C, 

organic solvent ratio ±2%) confirms that method 

performance remains acceptable under minor 

variations that might occur during routine laboratory 

operation.49 Sensitivity parameters including limits 

of detection (LOD) and quantification (LOQ) based 

on signal-to-noise ratios (typically 3:1 and 10:1 

respectively) confirm that the method possesses 

adequate sensitivity for intended purposes.50 

 

4.3 Method Validation Documentation and 

Regulatory Submission 

Regulatory submissions require comprehensive 

method validation reports that document all 

procedural parameters, acceptance criteria, results, 

and conclusions51. Method transfer protocols specify 

the conditions for confirming that methods produce 

equivalent results when transferred between 

laboratories or instruments. The stability of analytical 

standards and working solutions must be documented 

to justify sample storage and analysis windows.52 

Post-approval change management protocols should 

be established to enable data-driven decisions 

regarding method validation. ICH Q14, the 

harmonized guideline released in November 2023, 

formally established expectations for A QbD 

implementation in analytical method development, 

emphasizing the importance of Analytical Target 

Profile (ATP) definition, risk assessment, design of 

experiments (DoE), and Method Operable Design 

Region (MODR) determination53. [43] 
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The ATP defines the intended performance 

characteristics of the analytical method, specifying 

accuracy, precision, selectivity, sensitivity, and range 

requirements based on the specific intended 

use54. [44] For stability-indicating methods, the ATP 

typically includes requirements for baseline 

separation from impurities and degradation products 

(resolution >1.5), acceptable peak tailing factor (0.8- 

1.2), adequate sensitivity (LOD/LOQ ratios 

appropriate for specification limits), and accuracy 

within 98-102% recovery.55 Risk assessment using 

Failure Mode and Effects Analysis (FMEA) or hybrid 

approaches combining Ishikawa diagrams with 

FMEA systematically identifies factors most likely to 

impact analytical method performance, focusing 

optimization efforts on variables with the greatest 

effect on critical analytical attributes (CAAs)56. 

 

4.4 Mass Balance and Accountability of 

Degradation Products 

Mass balance assessment is a critical and increasingly 

emphasized aspect of forced degradation studies, 

providing assurance that all degradation products 

have been identified and accounted for57. The ICH 

Q1A (R2) guideline states that "all of the degradation 

should be accounted for in order to ensure that 

samples have been sufficiently stressed," establishing 

mass balance as a regulatory expectation. Mass 

balance calculations involve summing the percentage 

of the parent drug plus all identified degradation 

products and comparing this sum to 100%, with 

industry consensus suggesting that mass balances of 

95-100% typically indicate adequate identification of 

degradation pathways.58 

However, emerging scientific literature has 

questioned the universal applicability of the 95-100% 

mass balance criterion, recognizing that in some 

circumstances, degradation may proceed through the 

formation of multiple minor products below the 

quantitative detection limits, volatile or unstable 

degradation products that decompose during analysis, 

or macromolecular species that may not be detected 

through conventional separation techniques. 59 

Contemporary practice increasingly emphasizes 

scientifically justified approaches to mass balance 

assessment, with regulatory flexibility for cases in 

which technical limitations prevent the achievement 

of a near-quantitative mass balance. The recent ICH 

Q2 (R2) guidance acknowledges these complexities, 

encouraging companies to demonstrate reasonable 

efforts to identify and characterize degradation 

products while recognizing that perfect mass balance 

may not always be technically achievable.60 

 

5. Quality by Design Integration in Forced 

Degradation Studies 

 

5.1 Analytical Quality by Design (AQbD) 

Framework 

The integration of Quality by Design (QbD) 

principles into analytical method development for 

forced degradation studies represents a fundamental 

shift toward more systematic, science-based 

approaches that enhance method robustness and 

provide greater regulatory flexibility5. The Analytical 

Quality by Design (AQbD) framework, as detailed in 

ICH Q14, comprises several key elements: definition 

of the Analytical Target Profile (ATP), identification 

of Critical Quality Attributes (CQAs), risk 

assessment, and systematic optimization of method 

parameters within a defined design space53,61. This 

structured approach contrasts sharply with traditional 

trial-and-error method development, enabling more 

rapid development cycles while simultaneously 

generating comprehensive understanding of method 

performance relationships.62 

 

The ATP defines the intended purpose of the 

analytical method, the range and type of samples to 

be analyzed, and the performance characteristics 

required to ensure a fit-for-purpose analysis. For 

forced degradation studies, the ATP typically 

specifies requirements for baseline or near-baseline 

resolution between the drug and all degradation 

products, quantitative accuracy and precision for 

assay and impurity determination, and robustness to 

deliberate variations in chromatographic conditions63. 

Identification of CQAs and CMPs (Critical Method 

Parameters) proceeds through systematic risk 

assessment, employing tools such as Failure Mode 

and Effects Analysis (FMEA), cause-and-effect 

(Ishikawa) diagrams, and preliminary 

experimentation to understand which method 

variables most significantly influence critical method 

attributes.64,65 
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5.2 Design of Experiments and Optimization 

Strategies 

Design of Experiments (DoE) represents the 

quantitative heart of the AQbD approach, enabling 

the systematic evaluation of how multiple method 

parameters and their interactions influence analytical 

performance. Screening experiments, typically 

employing two-level fractional factorial or Plackett- 

Burman designs, rapidly identify which of numerous 

potential method variables significantly influence 

critical method attributes. Subsequent optimization 

experiments, employing central composite designs 

(CCD) or Box-Behnken designs, establish the 

quantitative relationships between method parameters 

and performance attributes, enabling prediction of 

method performance across defined ranges of 

parameter values.53, 66,67 

The result of optimization studies is the definition of 

a Method Operable Design Region (MODR), which 

represents the multidimensional region within which 

method parameters can be varied while still 

maintaining adequate analytical performance 68. The 

MODR provides regulatory flexibility, as 

pharmaceutical companies can justify changes to 

analytical procedures that remain within the 

established design space without requiring formal 

revalidation or regulatory approval. Numerous 

published examples demonstrate successful 

application of AQbD principles to development of 

stability-indicating HPLC methods for diverse 

pharmaceutical compounds, with studies consistently 

reporting improved method robustness and broader 

design spaces compared to traditionally developed 

methods.53,61,69 

 

5.3 Green Analytical Chemistry and Sustainability 

Integration 

AQbD principles increasingly integrate green 

analytical chemistry (GAC) objectives, recognizing 

that analytical method sustainability represents an 

important quality attribute.70,71 Mobile phase 

sustainability can be improved through systematic 

evaluation of ethanol versus acetonitrile utilization, 

buffering systems that minimize waste generation, 

and mobile phase compositions that reduce 

environmental impact while maintaining the 

analytical performance. 72,73 Assessment tools, 

including the Analytical GREEness Metric 

(AGREE),  Green  Analytical  Procedure  Index 

(GAPI), and ABC Index, enable quantitative 

assessment of method greenness, facilitating 

documentation of environmental and safety 

improvements achieved through AQbD-driven 

optimization74,75. 

Solvent reduction strategies, often achieved through 

column efficiency improvements and optimized 

gradient programs, represent a significant 

sustainability achievement without compromising 

analytical quality.39,76 Water utilization in mobile 

phases, when compatible with analyte solubility and 

detector requirements, significantly reduces 

hazardous solvent consumption. The integration of 

AQbD and GAC represents best practice in modern 

analytical method development, delivering methods 

that are simultaneously robust, efficient, and 

environmentally responsible.70,77 

 

6. Practical Challenges and Solutions in Forced 

Degradation Study Implementation 

 

6.1 Method Development Challenges and 

Mitigation Strategies 

Complex degradation product profiles present 

significant analytical challenges when multiple 

degradation products are formed under various stress 

conditions, potentially resulting in dozens of detected 

peaks that require characterization. 78 In such 

scenarios, comprehensive two-dimensional 

separation techniques, mass spectrometry-based 

selectivity (through specific ion monitoring), and 

preparative isolation followed by hyphenated 

characterization enable systematic degradation 

product identification.79,80 Matrix effects and ion 

suppression in LC-MS analysis require careful 

method development attention, particularly for 

pharmaceutical formulations containing excipients 

that might co-elute with degradation products and 

suppress ionization efficiency.81 

The development of stability-indicating methods for 

combination products presents unique challenges 

owing to the requirement for simultaneous separation 

and quantification of multiple active pharmaceutical 

ingredients and their individual and interaction- 

related degradation products78,82. Gradient HPLC 

method optimization can address separation 

challenges by employing extended gradient times 

(40-60 minutes for complex mixtures) and careful 

mobile  phase  pH  selection  to  optimize 
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selectivity.83 Some pharmaceutical combinations 

require discovery of novel excipient-active ingredient 

interaction products (e.g., lactose-drug interactions) 

that may exceed regulatory identification thresholds, 

necessitating preparative isolation and structure 

determination.84 

 

6.2 Regulatory Submission Strategy and Risk 

Management 

The regulatory strategy for force degradation data 

should emphasize scientific justification for endpoint 

selection, demonstrating that all pharmaceutically 

relevant  degradation    pathways    have  been 

evaluated.1,2,85 When novel degradation products are 

identified that exceed ICH thresholds, proactive 

engagement with regulatory authorities through pre- 

submission  meetings   enables   discussion   of 

qualification   strategies,   safety      assessment 

approaches,    and     proposed       reporting 

thresholds.86 Some pharmaceutical companies have 

successfully  pursued  extension    of   reporting 

thresholds beyond standard ICH limits (e.g., 0.3- 

0.5% instead of standard 0.1%) through submission 

of comprehensive  safety and   stability   data 

demonstrating that degradation product process 

changes, formulation modifications, or packaging 

alterations   might  affect  the     degradation 

profile. Accelerated Predictive  Stability  (APS) 

approaches using advanced mathematical modeling 

enable more rapid prediction of long-term stability 

fromarmaceuticals and Advanced Modalities87,88 

Forced degradation   studies  of  protein-based 

biopharmaceuticals  present  distinct  challenges 

compared to small-molecule drug substances, as 

proteins are sensitive to aggregation, oxidation of 

methionine and cysteine residues, and pH-dependent 

deamidation. ICH Q5C guidelines provide specific 

guidance for biopharmaceutical stability testing, 

emphasizing the importance of stability-indicating 

assays capable of detecting protein aggregation 89,90 

 

Conclusion 

Forced degradation studies help us understand how a 

drug changes when it is exposed to different 

conditions, such as heat, light, acid, or oxidation. 

This is important to ensure that the medicine remains 

safe and works properly during storage. These studies 

also help develop good analytical methods and meet 

regulatory requirements. 

There can be some difficulties, such as obtaining too 

many degradation products or choosing the right 

conditions, but these problems can be handled with 

proper planning and suitable analytical techniques. 

In simple terms, forced degradation studies are an 

important part of drug development and quality 

control, and they help ensure that medicines are safe 

and reliable. 

 

Future Perspectives 

In the future, forced degradation studies are expected 

to become easier and faster with the help of novel 

technologies. Advanced instruments will help detect 

and identify degradation products more quickly and 

accurately. Computer-based tools may also help 

predict how a drug will degrade, which can save time 

and effort in laboratory studies. 

There is also a growing focus on using safer and less 

harmful chemicals in the analysis, making the 

process more environmentally friendly. Better 

method development approaches, such as Quality by 

Design, will help create more reliable and robust 

analytical methods. 

Overall, future developments will make forced 

degradation studies more efficient, cost-effective, and 

easier to perform, while maintaining high-quality 

standards. 
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