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ABSTRACT 
In the biopharmaceutical R&D domain, a lack of mastery of the right approach to project 
management could mean the difference between breakthrough innovation and costly delays. In an 
attempt to probe these contrasting worlds, this review goes deep into the essence of predictive 
(Waterfall, Stage-Gate) versus adaptive (AI, Agile, Scrum) methodologies and their respective 
impacts on strategic decision making, risk management, and pharma research innovation potential. 
However, the regulatory complexities and documentation burdens do not ease out according to the 
Agile methodologies that fuel rapid iteration in evolving teams and accelerate the speed of 
development cycles. Using performance metrics, organizational models, and transformative case 
studies, this review demonstrates how one model outperforms the other, what is lacking in a certain 
method, and how hybrid frameworks redefine best practices. This review benefits researchers, project 
managers, and strategists by clarifying how evolving methodologies can drive the next wave of 
innovation in the field. 
Keywords: Agile Management, AI in Drug Development, Biopharmaceutical R&D, Hybrid 
Models, Predictive Methodologies, Stage Gate, Waterfall. 

 
INTRODUCTION 
The biopharmaceutical sector functions in an 
extremely competitive and innovation-oriented 
world. Accelerating scientific progress, changing 
patient needs, and rigorous compliance require 
the exact coordination of resources, timelines, 
and expertise (Schuhmacher et al., 2021; Xiao et 
al., 2024). For project management in such a 
situation, it is not just an operational 
requirement but a strategic driver of innovation. 

Successful project management provides a match 
between scientific and business objectives, 
allowing companies to control complexity from 
discovery through preclinical and clinical 
development phases (Lele, 2024). 
The extensive system of biopharmaceutical 
R&D research requires many years to complete 
because such endeavors suffer remarkably high 
termination rates. As illustrated in Figure 1, only 
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one pharmaceutical product emerges from the 
drug discovery process among the approximately 
10,000 chemical compounds investigated 
(Hanenkratt, 2024). Effective project 
management proves essential because a 

prolonged research period alongside numerous 
uncertainties requires proper emphasis on 
research focus and efficient resource utilization 
(Lele, 2024). 

 
 

 
Figure. 1. Biopharmaceutical Drug Development Pipeline. From 10,000 initial compounds, only 1 is 
approved after a 15-year process through discovery, preclinical testing, clinical trials, and FDA review 

(Hanenkratt, 2024). 
 

The Waterfall model, alongside predictive 
project management strategies, has traditionally 
guided biopharma businesses in their 
operations. Biopharma firms achieve good 
results with this approach as long as their initial 
goals and requirements remain clearly 
established (Hanenkratt, 2024; Salehi, 2022). 
These approaches emphasize detailed upfront 
planning, sequential execution, and strict 
adherence to predefined requirements. While 
offering the benefit of structured control and 
predictability, Waterfall can struggle in the face 
of the inherent uncertainty and dynamism of 
research environments. The rigidity of 
traditional methods can hinder responsiveness 
to new data, regulatory changes, or evolving 
market demands, potentially leading to delays, 
increased costs, and missed opportunities 
(Pussella & Bandara, 2018). 
However, research and development spaces 
become unpredictable environments due to 
their uncertain nature. New data, as well as 
changing regulations, may force companies to 
change their priorities unpredictably (Allio, 
2020; Kisielnicki, 2014). Biopharma projects 
now attract increasing interest from industry 
professionals who view Agile methods as a new 

potential management model, because of their 
iterative and stakeholder-driven development 
approach (Jeudy, 2025; Uzhakova & Fischer, 
2024). 
Agile project management, on the other hand, 
welcomes iterative development, adaptability, 
and ongoing feedback. By decomposing projects 
into smaller, manageable pieces, Agile facilitates 
regular review, adjustments, and course 
correction (Lele, 2024). This iterative process 
encourages greater collaboration among 
stakeholders, such as scientists, business 
executives, and regulatory specialists, to facilitate 
swift learning and better decision-making. Agile 
methodologies like Scrum enable teams to 
respond quickly to changing priorities, prioritize 
value delivery, and manage risks effectively (Hoa 
Khanh Dam et al., 2019). The evaluation of 
competing management strategies may 
determine which methods work best in solving 
pharmaceutical innovation's special difficulties 
(Berggren et al., 2018).  
The shift towards Agile in biopharmaceutical 
R&D reflects a growing recognition of the 
limitations of traditional methods in today's 
rapidly evolving landscape (Salehi, 2022). By 
adopting flexibility, collaboration, and ongoing 
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improvement, Agile presents a strong alternative 
for coping with the complexities and 
uncertainties of drug discovery and development 
(Munteanu & Dragos, 2021). Yet, effective 
implementation of Agile demands thoughtful 
attention to organizational culture, team 
organization, and the unique nature of each 
project. A hybrid solution, incorporating aspects 
of both Agile and Traditional approaches, can 
also be the best solution for most 
biopharmaceutical companies (Berggren et al., 
2018). 
By astutely managing processes and resources, 
pharmaceutical manufacturers can enhance 
productivity, eliminate bottlenecks, and get new 
treatments to suffering patients more quickly. 
Additionally, as personalized medicine 
continues to emerge as a trend, complex project 
management that takes into account diverse 
patient groups and custom treatment modalities 
will become ever more vital (Mathur & Sutton, 
2017). This shift will necessitate a greater 
emphasis on data-driven decision-making, 
adaptive trial designs, and collaborative 
partnerships. 
Finally, the decision to use Agile or Traditional 
project management methodologies, or a 
combination of the two, rests with the unique 
context, culture, and objectives of each 
biopharmaceutical company. Careful 
examination of the firm's current capabilities, 
project profile, and risk tolerance is crucial in 
identifying the best approach. The primary 
objective of this review is to contrast Agile and 
Traditional (predictive) project management 
approaches within the setting of 
biopharmaceutical R&D. This contrast centres 
on primary areas such as the degree to which the 
approaches are aligned with company strategy, 
the degree to which they facilitate decision-
making and governance, the degree to which 
they address risk, and the degree to which they 
foster innovation. 
 
2. Foundations of Project Management in 
Biopharmaceutical R&D 
Project management teaches multiple 
methodologies that serve the specific needs of 
various project environments. (Wied et al., 
2020). Project management develops a 
systematic approach to start projects and plan 
them while executing and controlling them 

using defined resources and time limitations to 
satisfy goals. (Ichsan et al., 2023). Strategic and 
operational centers of business exclusively 
depend on project management. (Peterka, 2024). 
Organizations today use project-based work 
practices to guarantee their projects maintain 
alignment with stakeholder expectations. 
(Oyekunle et al., 2024). A proper methodology 
selection stands as vital to project advancement 
and until successful completion, as it determines 
both direction and likelihood of achievement. 
The project selection method depends on 
elements, including project extent and 
complexity, together with uncertainty levels and 
the prevailing organizational environment. 
(Oskolkova, 2020). New approaches to project 
management emerge constantly, and therefore, 
organizations need proper analysis and structure 
of these developments. (Komarova et al., 2020). 
'Site Utils' represents the fundamental 
opposition of 'what' against 'how' (Mirzaei et al., 
2024). What defines goals in projects and how 
focuses on the strategies along with methods to 
reach these goals. A properly established 
methodology serves as the primary guide that 
helps teams complete every phase of their 
project. (McClinton, 2025) And as a project 
planning document, which leads projects to 
finish on time and within budget, followed by 
specification fulfillment (Mirzaei et al., 2024). 
Predictive approaches in traditional project 
management present their structured design 
through a sequential project flow. Traditional 
methods require precise planning and detailed 
documentation, which must be strictly followed 
during implementation of the planned project 
scope. (Brawley, 2024). These project initiatives 
work best when requirements are clear, and 
environments maintain stability while also 
keeping ambiguity at a minimum level. The 
Waterfall model functions as a prime predictive 
method by executing sequential phases wherein 
developers finish each step before moving on to 
the subsequent one. (Jovanović  & Berić , 2018). 
Traditional project management methodology 
manifests through principles that exist within 
PMBOK and PRINCE2, and SIX SIGMA. 
(Masciadra, 2017). The implementation of 
traditional methodologies works best for bigger, 
more complex projects like investment ventures, 
military developments, and manufacturing 
entities, and overhaul operations. (Jovanović  & 
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Berić , 2018). Projects characterized by defined 
requirements benefit most from traditional 
approaches due to their strict and organized 
characteristics. Easier identification of problems 
becomes possible when project requirements are 
clear. 
 
2.1 Predictive Project Management 
The two leading approaches to project 
management methodologies comprise predictive 
project management, seen through the Waterfall 
model, and adaptive project management 
implemented as Agile methodologies (Roman, 
2025). The sequential and linear structure of 
predictive project management relies on detailed 
planning and documents every step. The 
methodology starts by planning every detail and 
follows the original plan without deviations. 
Adaptive project management puts forward 
iterative and incremental development as its 
foundation to focus on flexibility, along with 
collaboration and continuous feedback. Project 
agility permits the flexible transformation of 
project plans as they unfold (T. Thesing et al., 
2021). The different project execution 
methodologies serve varied project needs 
because they present unique strengths and 
weaknesses. Modern IT companies choose agile 
methodologies to manage their projects since 
these methodologies provide greater benefits 
than standard waterfall approaches (Micic, 
2017). The rapid technological changes and 
market shifts require agile methodologies 
because they provide adaptability along with 
flexibility to respond effectively to these 
conditions (Sarker et al., 2022). A management 
model  shcould ensure resource sharing, 
information exchange for risk assessment and 

mitigation, and swift response. Moreover, as per 
Abid, Rafique & Raza, (2023) adopting the 
transformational leadership style, guides to 
innovative and proactive approach which is 
essential to tackle such situations in proactive 
manner (Abid & Haq, 2025). Projects determine 
their methodology selection based on their 
complexity and uncertainty levels, alongside the 
levels of stakeholder participation and 
organizational work culture. 
The Waterfall model illustrated in Figure 2, 
together with Predictive project management 
methodologies, follows a structured sequence of 
operations during project implementation. As 
one of the oldest established project 
management methods, the Waterfall model 
organizes projects into separate development 
stages that need full completion before 
beginning the following stage. (Abraham, 2024). 
The project undergoes sequential phases starting 
from requirements gathering, proceeding to 
design, then implementation and testing, before 
deployment and maintenance follow. The 
sequential nature of the Waterfall model 
necessitates comprehensive upfront planning 
and detailed documentation. The project 
progresses through defined stages that need full 
execution before starting the following step. The 
project framework delivers structured progress 
tracking through its predefined stages, which 
confirms that stakeholders remain on the same 
page regarding project targets, as well as 
deliverable contents and completion dates. 
(Siemens, 2023). After completing work in the 
waterfall model, it becomes exceptionally 
difficult to alter the stages due to their fixed 
nature. 
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Figure. 2.  A visual representation shows how the waterfall development model uses System 

Requirements, followed by Software Requirements Analysis and Program Design, leading to Coding 
and Testing, which concludes with the application of testing to represent a systematic software 

developmental order. (Hanenkratt, 2024). 
 
2.1.1 Exploring Predictive Project Management 
Methodologies 
The sequential approach of predictive project 
management shares its identity with the 
Waterfall model because each step requires 
completion before moving to the next. 
(Gusakova & Pavlov, 2020). The project 
demands completion of the current phases until 
reaching the following phase. The method 
provides its characteristics through a robust 
planning phase, which requires transparent 
documentation and strict commitment to 
already established project boundaries. The 
structured approach of the Waterfall model gives 
it excellent suitability for projects that have 
stable environments along with clearly defined 
requirements and predict few changes during 
development. (Demirağ  et al., 2023). Under the 
Waterfall model, each development phase needs 
to be completed to advance to the following 
stage. The defined framework of the Waterfall 
model allows project managers to monitor 
progress by following established benchmarks, 
thus detecting early deviations from the plan. 
Each part of the waterfall project structure starts 
with initiation and follows planning, then 
execution, which is monitored through 
controlling until project completion. The 

organizational system opposes changes after 
project initiation. (Nordmark et al., 2022). The 
model shows limitations when dealing with 
changing demands because it resists changes 
during project execution. 
 
2.1.2 Stage-Gate Processes 
Stage-gate processes illustrated in Figure 3 serve 
as essential predictive project management tools 
that utilize structured protocols to evaluate 
project advancement through various stages 
before letting progress to the subsequent phase. 
(Conforto & Amaral, 2016). The project 
segmentation through these procedures allows 
resources to be distributed properly and keeps 
projects following a strategic direction. Project 
stakeholders conduct examinations at every gate 
to determine progress and risks together with 
financial return, which leads to decisions for 
continuation, modifications, or termination of 
projects. Project continuation decisions are 
made through important points at these gates. 
(Fisher, 2014). The use of stage-gate processes 
demonstrates high value for industries focusing 
on product development and innovation 
because these processes create structured 
methods to handle risk and improve 
achievement probabilities. Such systems assist 
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organizations when they need to make critical 
decisions for project continuation.  
 

 

 
Figure 3. Full Stage-Gate Process for Large and High-Risk Projects encompasses the systematic project 

path that includes indexation, followed by preliminary investigation before business case 
development then product development and pilot testing and finally ends with the final launch, 

accompanied by decision gates and post-implementation review for continuous improvement 
(Modisha, 2024). 

 

Multiple fundamental elements make up the 
stage-gate process that reinforces well-established 
phases and specific deliverables in addition to 
mandatory review events and predetermined 
decision parameters. Project development 
experiences unique phases, which correspond to 
concept development and feasibility studies and 
design work, and testing activities, along with 
launch preparation during different stages. 
Deliverables are produced after each 
development stage to demonstrate factual 
achievements, which assist in goal assessment. 
The project evaluation process through gate 
reviews allows stakeholders to analyze 
performance metrics, which include technical 
feasibility, together with market potential and 
financial viability (Conforto & Amaral, 2016). 
Standardized decision criteria serve as a project 
performance evaluation framework that ensures 
judgments are supported by objective evidence 
instead of personal opinions (Barshop, 2016). 
The robust idea-to-launch system operates 
through Stage-Gate, which functions as both an 

adaptable system and an adaptable procedure, 
and not as a straightforward linear process. 
 
2.1.3 Critical Path Method and Gantt 
Scheduling 
Project management depends on the Critical 
Path Method to determine the project activities 
sequence that establishes the lowest possible 
project duration. (S. Aleem et al., 2016). Project 
activity sequencing requires mapping all tasks 
and duration estimates and dependency 
identification to determine the critical path that 
demands the timely completion of the longest 
project sequence. The scheme depends on 
software applications to provide support to 
management in their decision-making processes. 
(Soe & Htike, 2018). Project schedules appear as 
visual charts known as Gantt charts, which 
display scheduling activities together with their 
time spans alongside their timing dependencies. 
The project schedule reveals its overview through 
the Gantt chart visual display. Through Gantt 
charts, project managers can monitor project 
progress, along with detecting possible blocking 
points, to deliver clear project time information 
to stakeholders. (Doyle et al., 2025). Projects that 
depend on the Gantt chart principles must face 
limitations that may not work for all their 
requirements. With the help of CPM, project 
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managers can achieve better resource planning 
while scheduling activities to minimize project 
duration and reduce scheduling uncertainties. 
(Katara & Amponsah, 2013; Nkoi et al., 2019). 
The primary focus of CPM lies in project time 
management, although time tracking failures 
frequently occur because of its approach. (Khan 
& Haider, 2017). 
 
2.2 Adaptive Project Management and Agile 
Methodology 
Project management under the Adaptive 
methodology is commonly known as Agile, 
which moves projects away from sequential 
processes of predictive project management 
toward a flexible and iterative system. Agile 
methodologies both welcome transformations 
and seek customer partnership, together with an 
emphasis on ongoing feedback implementation. 
Project requirements adapt rapidly through 
Agile methodologies because of their adaptable 
nature. (Roman, 2025). The Agile approach 
matches projects requiring evolving specs while 
working in uncertain surroundings and needing 
quick adjustments. Agile methodologies operate 
within specific time constraints as part of certain 
business applications. 
 
2.2.1 Agile Manifesto and Iterative Frameworks 
The Agile Manifesto represents a foundational 
document of Agile progress that directs Agile 
project execution through its principles and 

system of values. The Agile Manifesto places 
higher value on people together with their 
interactions than on tools and processes. 
Additionally, it promotes working software as 
better than lengthy documentation, while 
customer contact proves superior to traditional 
negotiations, and changing management takes 
precedence over strict planning. The Agile 
project emphasizes teamwork, together with 
continuous adjustment and sustained customer 
interactions. The values from Agile development 
guide the iterative management approaches 
portrayed by Scrum and Kanban as project 
management frameworks. Scrum divides work 
into short sprints, but Kanban applies a 
continuous flow system. (Naik, 2025). Complex 
projects benefit from these frameworks, which 
offer teams an organized process to handle and 
achieve delivery of value. 
Scrum: Scrum uses iterative programming that 
segments complicated projects into brief 
timeframes known as sprints, ranging from one 
to four weeks. This process enables teams 
through daily meetings and planning, and 
retrospective sessions to achieve collaboration 
together with both accountability and 
continuous improvement. Scrum stands as the 
most common Agile implementation 
framework. Figure 4 provides an overview of 
Sprint and Scrum Planning. (Shaydulin & 
Sybrandt, 2017)
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Figure 4. A diagram shows how the Scrum Framework deploys a one to four week iterative process, 
which includes Sprint Planning, followed by Daily Scrum and then Implementation until it reaches  

Review and Retrospective stages before achieving an Increment Release (Hanenkratt, 2024). 
 

Kanban: The workflow management system 
Kanban displays work processes visually while 
concentrating on steady delivery and restricting 
current task quantities, and streamlining 
workflow operations. The visual system enables 
clarity between team members while promoting 
teamwork through process visualization, which 
helps teams spot areas for process enhancement. 
 
2.2.2 Sprint Planning, Timeboxing, and 
Backlog Grooming 
Through Agile project management, teams 
employ three core practices that merge planning 
functions with time definition, along with 
requirement evolution methods. During sprint 
planning, the team picks essential product 
backlog tasks to complete within a sprint, then 
sets its goal and generates its corresponding 
sprint backlog. Timeboxing establishes 
predetermined periods for tasks to complete 
activities in set time blocks, which stops 
irrelevant expansion of work scope. A regular 
product backlog assessment using backlog 
grooming enhances quality by making backlogs 
relevant and prioritized, as well as providing a 
clear definition. (Singh, 2021). The customer, 
together with their representative, maintains the 
product backlog. Multiple Agile team practices 

enable better team performance and 
productivity and faster responses for Agile 
project work. (H.K. Dam et al., 2019). Several 
authors have applied Agile frameworks such as 
Scrum and Kanban, and Extreme Programming, 
toward business process planning and 
mechanical engineering processes due to their 
multiple integrated practices. (Brandl et al., 
2021). Agile principles establish the satisfaction 
of customers as their main priority. Agile 
prioritizes three core values, which include team 
collaboration alongside flexibility together with 
customer-focused direction. (Syeed et al., 2021). 
The sprint contains built-in feedback loops that 
support ongoing adaptation and learning. 
(Fowler, 2018). The adaptive project methods 
combine iterative procedures to help reduce 
risks through continuous modifications based 
on developing project situations. (Torrente et al., 
2021). 
 
2.3 Project Management Body of Knowledge 
& ISO 21500 Alignment 
Projects use The Project Management Body of 
Knowledge and ISO 21500 as recognized 
standards, which offer detailed frameworks for 
sustainable project management practices. The 
Project Management Institute developed 
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PMBOK as a standardized project management 
approach that presents formal methodologies for 
project handling within multiple industries 
throughout different knowledge fields and 
critical management processes. Worldwide 
organizations can use ISO 21500 as an 
international project management standard to 
develop shared project management concepts 
and procedures (Umer et al., 2021). Both sets of 
standards work to increase project success 
through the implementation of standardized 
terminology and methods. These standards 
present a common approach to executing 
projects successfully. Organizations that adopt 
these standards will boost their project 
management abilities and better their output 
results while maintaining uniformity within 
their project management standards. 
Project management appears in PMBOK as the 
application of project requirements through 
knowledge application, combined with skills and 
tools, as well as techniques to project activities 
(Chen et al., 2021). Within project management, 
according to the PMBOK framework, activities 
and artifacts require formalization (Mustaro & 
Rossi, 2013). Project management, according to 
ISO 21500, involves implementing approaches 
with supporting tools and competencies that 
direct projects. (Phạ m et al., 2013). The two 
standards maintain a consensus on how 
necessary it is to synchronize project 
management procedures with organizational 
objectives. Many organizations experience 
different characteristics with their Project 
Management Offices because their 
implementation depends on several factors. 
(Pinto et al., 2020). The PMBOK delivers 
exhaustive guidelines for project management 
procedures as well as expertise domains and 
optimum methodology, while ISO 21500 
presents generalized principles for the 
management of projects alongside processes. 
The PMBOK delivers explicit procedures, but 
ISO 21500 presents general information 
regarding project management principles. 
Standardization of project management 
practices across industries depends on both 
PMBOK and ISO 21500 (Mustaro & Rossi, 
2013). The PM field requires sustainability 
implementation to become its fundamental core 
component. (Sabini et al., 2017). The PMBOK 
might achieve regulation status through its 

establishment as a business process outsourcing 
element. (Ybañez et al., 2022). Organizations 
should base their standards on their existing 
project management standardization practices 
because these standards determine project 
outcome success (Milosevic et al., 2001). 
Standardized practices from ISO 9000 and ISO 
14000 have spread throughout organizations 
worldwide because they now require studies on 
their adoption reasons as well as organizational 
results and governance frameworks (Castka & 
Corbett, 2015). 
Organizations with project policies tend to 
demand project manager certifications, while 
their project priority assignment and planning 
tool usage rely on direct formal project 
management processes (Anantatmula & Rad, 
2018; Marcelino et al., 2015). A project succeeds 
when organizations execute their project 
management knowledge operations with the 
right degree of implementation (Karim et al., 
2022). Project management practices operate as 
a strategic resource that provides value to 
organizations (Zaman et al., 2020). A mature 
project management system equips organizations 
with better abilities to achieve project success 
(Karim et al., 2022). Project management 
continues its evolutionary development 
according to the requirements imposed on it. 
The preservation of sustainability requires 
project management teams and their members 
(Govindaras et al., 2023; Silvius & Schipper, 
2014). The high level of project failure stems 
from both academic and other vital components 
(Rajablu et al., 2014). Project managers who 
implement sustainable practices can defend 
their projects against risks while achieving 
stakeholder goals (Khatib et al., 2020). 
Project management success, together with 
societal well-being, demands the incorporation 
of sustainability principles (Armenia et al., 2019; 
Ohiomah et al., 2019). Project decisions that 
factor in the economic and social, and 
environmental effects across all project phases 
represent the process of integrating sustainability 
principles (Armenia et al., 2019). When project 
management includes sustainable practices, the 
achieved results become superior. The project 
lifecycle demands environmental impact 
assessment, together with social responsibility 
evaluation and economic feasibility evaluation 
(Aghaegbuna et al., 2020; Marcelino et al., 
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2015). The media has become a platform 
through which an increasing number of 
businesses discuss their sustainability initiatives. 
Business operations require projects as essential 
elements to attain sustainable practices. 
 
3. Project Management Context in 
Biopharmaceutical R&D 
3.1 Portfolio Management and Pipeline 
Optimization 
The pharmaceutical industry deals with three 
primary problems, which include competition 
intensity and innovation requirements, and 
medical needs. During economic downturns, 
pharmaceutical companies need to continuously 
transform their portfolio management strategies 
according to shifting market conditions to 
maintain profitability. (Grabowski & Kyle, 
2007). Good portfolio management systems 
enable companies to rapidly speed up 
medication development, which determines 
their operational success. Pharmaceutical 
organizations need to create value-creating 
strategies that deliver competitive advantages to 
make their long clinical test periods sustainable 
alongside steady cash flow requirements. 
(Robinson et al., 1994). 
The complex and expensive research and 
development landscape demands 
biopharmaceutical companies to use primary 
tools such as portfolio management and pipeline 
optimization. Medical research has shown that 
pharmaceutical organizations struggle to 
maintain their market position while developing 
new innovative treatments. Portfolio 
management acts as the fundamental aspect for 
identifying and prioritizing new pharmaceuticals 
and their management because it serves as the 
critical path to corporate success. (Büssgen & 
Büssgen, 2023). 
Portfolio optimization combines risk 
management with return optimization while 
needing professional mathematical abilities to 
operate effectively. PyPortfolioOpt and 
Riskfolio-Lib provide better accessibility to 
investment optimization, and 
PyPortOptimization takes this a step forward 
through its modular framework combined with 
automation and a user-friendly interface. It 
streamlines the entire process from data 
acquisition to performance evaluation. The 
latest advancement in PyPortOptimization 

delivers flexible, scalable solutions for users who 
need adjustments of expected returns, risk 
modeling and optimization methods through 
the entire process. (Nakhate et al., 2025). 
The biopharmaceutical industry has integrated 
portfolio and project management practices into 
operations to make optimal product 
development principles practical. The principles 
of biopharmaceutical product development 
include market advantage and product 
readiness, as well as value-driven program 
execution and learning and confirming, and 
regulatory collaboration. Businesses use these 
principles to control and enhance their 
expensive, time-consuming product 
development processes (Büssgen & Büssgen, 
2023). 
 
3.2 Functional vs Matrix Organizational 
Structures in Pharma R&D 
A business organizational structure establishes 
necessary attributes regarding task 
responsibilities and assigned roles together with 
communication protocols. Various 
organizational structures help modern 
companies remain agile because of marketplace 
changes and technological advancements and 
workforce transformations. The structure of an 
organization significantly influences both 
productivity and operational success of research 
and development activities in the 
biopharmaceutical sector. Traditional functional 
designs concentrate on specific departments but 
matrix models unite various functions to deliver 
improved collaboration with enhanced 
flexibility (Jerab & Mabrouk, 2023). Employees 
who work in functional structures get organized 
based on specialist functions such as marketing 
or financial activities because this structure 
develops deep subject matter expertise and 
enhances standardized operations and 
operational efficiency. The model provides 
effective training and resource optimization 
however it obstructs collaborative efforts 
between different functions. The structure of 
siloes along with sluggish market reactions are 
typical difficulties which primarily affect 
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scenarios that demand unified solutions 
(Tulchinsky & Varavikova, 2014). 
 
3.3 Risk Management: Compliance, Safety, and 
Uncertainty 
Risk management plays a vital role in 
biopharmaceutical R&D project management 
because of its substantial impact on compliance 
requirements alongside patient safety assurance 
and uncertain situations. The business sector 
needs to operate under complex regulatory 
frameworks to achieve safe and effective product 
outcomes. Every phase of the project lifecycle 
starting with drug discovery and ending with 
commercialization requires risk management 
strategies to detect potential risks along with 
their assessment followed by risk reduction 
measures. Organizations should establish strong 
quality control systems while following ethical 
rules and being transparent about their reports 
(Nwoke, 2024). 
The compliance with regulatory standards 
creates a necessary barrier against legal penalties 
and financial consequences. Company 
adherence to FDA and EMA regulatory 
guidelines necessitates that they perform 
extensive testing and maintain detailed 
documentation from the beginning to the end of 
their R&D period. The primary safety aspects 
gain special attention throughout the clinical 
trial phase. Business establishments need to 
create reliable risk management frameworks that 
enable them to detect and address possible safety 
hazards to protect both research participants and 
maintain study validity (Büssgen & Büssgen, 
2023; Stone, 2023) 
Risk management plays a critical role in 
pharmaceutical projects because numerous 
unknown factors need proper consideration. 
The R&D outcomes remain uncertain because 
biological systems feature complexity as well as 
unpredictable behavior. Businesses employ 
probabilistic modeling together with scenario 
analysis as tools to both evaluate and control 
their uncertain factors. Such strategies enable 
organizations to make wise choices for resource 
distribution (Botet, 2018; Jerab & Mabrouk, 
2023).  For any organization participatory 
training, work-force engagement, and cultural 
alignment confirm the model's  effectiveness & 

its readiness for scaled implementation in a 
given situation (Abid & Haq, 2025). 
 
3.4 Stakeholder Management and 
Interdisciplinary Collaboration 
Risk management in pharmaceutical projects is 
essential since a lot of unknown elements are to 
be accorded adequate thought. R&D results 
cannot be ascertained since biological processes 
exhibit complexity coupled with 
unpredictability. Firms utilize probabilistic 
modeling combined with scenario analysis as 
tools for evaluation and managing uncertain 
elements. Organizational decisions, through 
these kinds of approaches, allow for astute 
selection when it comes to resource allocation 
(Pandi-Perumal et al., 2015). Stakeholder 
engagement involves identifying, understanding, 
and actively involving individuals or groups who 
have an interest in the project's outcome (Elwy et 
al., 2022) 
Ultimately, research and development can only 
be successful if people react positively to the 
results and benefits generated by a project. 
When researchers honor, trust, and respect their 
partners' knowledge and expertise, while also 
considering their needs and priorities, 
stakeholders' enthusiasm is significantly 
enhanced (Botet, 2018). Effective stakeholder 
engagement requires a commitment to power-
sharing, respect, humility, co-learning, and a 
shared goal of driving change, enhancing the 
quality, sustainability, and impact of population 
health research and interventions In essence, 
stakeholder engagement represents a reciprocal 
commitment that fosters inclusivity, shared 
understanding, and ultimately, improved project 
outcomes (Jeudy, 2025). 
 
4. Navigating the Complexities of Predictive 
Project Management in Biopharmaceutical 
R&D 
4.1 Application of Waterfall and Stage-Gate in 
Preclinical and Clinical Phases 
Implementing well-defined project 
methodologies in the biopharmaceutical 
environment is indispensable for performing 
through a potentially complex landscape and 
research and development issues, maintaining 
both less time and regulatory compliance (Hynes 
III, 2009; Souto et al., 2020). Due to its 
sequential and linear approach, the Waterfall 
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methodology is helpful in the early preclinical 
phases where the work scope is well defined and 
changes are less frequent (Banholzer & 
Vosejpka, 2011). This is a structured method, 
and this helps to demarcate the roles and 
responsibilities of the tasks to be done, which is 
highly helpful for demarcating the functions and 
front-end task to be done (Saiqa Aleem et al., 
2016). Complementary to the Stage-Gate 
process, which breaks projects into discrete 
stages, each delineating specific deliverables and 
gate reviews, and providing go/no go decisional 
criteria. In the preclinical phase, this may consist 
of the evaluation of preclinical studies results in 
vitro, pharmacokinetic and pharmacodynamic 
evaluation, as well as early safety profiling prior 
to in vivo testing of a candidate. Stages of the 
Stage-Gate process become more critical once 
they touch the clinical phases, and so the gates 
correspond to the completion of Phase I, Phase 
II, and Phase III trials (Biala et al., 2023). Safety, 
efficacy, and dose safety are confirmed in each 
clinical phase, respectively. It is also essential that 
a stage gate necessitates a complete data review, 
statistical analysis, and clinical outcome analysis 
(Xie et al., 2022). Reducing the cost of late phase 
drug development is critical and project 

management principles such as protocol design, 
regulatory cycle time, site selection, patient 
enrolment and monitoring, will play a critical 
part (ZAIDI et al., 2017). Each gate review 
functions as a fact check of whether the project 
is, in fact, viable and performs against strategic 
objectives in addition to the chance to reposition 
the project as market dynamics and data are 
realized (Prasanna et al., 2024). The word 
meaning to weaken or to defeat a cause, idea or 
alternative is perfect enough for me but I’m not 
sure if I am the only one who thinks so; clinical 
project managers with scientific and regulatory 
knowhow are needed to see and strive the 
complex variables characterizing clinical trials 
and project management methods can serve 
both managerial and scientific sides of medical 
projects and thereby limit financial waste (Bashir 
& Abdelhakim, 2023). To bring about a stable 
innovation process it is very important to pick 
out the gates well and its gatekeepers and criteria 
properly (Stošić  & Milutinović , 2017). Figure 5 
illustrates the application of Application of 
Waterfall and Stage-Gate in Preclinical and 
Clinical Phases. 
 
 

 
 

Figure 5. A Waterfall and Stage-Gate approach can be applied throughout the preclinical testing, 
clinical trials, and even at the regulatory stages of a drug's lifecycle (Generated with Canva). 
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4.2 Pros: Compliance Assurance, Traceability, 
and Resource Forecasting 
The major advantage of using Waterfall or Stage-
Gate methodology during biopharmaceutical 
R&D is that it increases regulatory comply 
ability (Tomassini et al., 2020). As such, the 
structured documentation and review processes 
of these methodologies assist the 
biopharmaceutical development process to 
comply with the Good Laboratory Practices, 
Good Manufacturing Practices, and Good 
Clinical Practices (Doneski & Dong, 2023). This 
thorough documentation, at each stage, will not 
only help in sustaining precise records from 
which auditors and the regulatory authority can 
extract essential findings; it also reduces the 
chances of incurring costly rework in later stages 
of product development. The additional 
element of compliance within the Stage-Gate 
process is provided by the requirement that each 
gate be reviewed formally and that all regulatory 
issues be resolved first before proceeding to the 
next stage (Cooper, 2009). Another big benefit 
is traceability, which means that these 
methodologies are in fact systematic, and you 
will have an excellent trail of activities, decisions 
and outcomes from beginning to end of the 
project life cycle. Waterfall assures each step is 
recorded, and Stage Gate’s gate review allows for 

distinct checkpoints of key decisions and 
rationale. Moreover, the methodology used also 
improves the resource forecasting. As part of the 
overall strategy to build a more efficient, 
innovative and globally networked organisation, 
process management is critical to ensure that 
clinical development programs are delivered 
with high quality and productivity, and the 
ability to get treatments to patients is improved 
(Husovich et al., 2019). The Waterfall and Stage 
Gate techniques clearly define the stages and 
deliverables, making these methodologies more 
accurate in estimating the required resources, 
including people, equipment, and budget. Given 
the resource-intensive nature of protein and 
biopharmaceutical R&D projects, especially 
when projects are large and both time and 
human resources cannot quickly and cheaply be 
scaled up, there is a substantial need for 
gathering this type of information (Saravanos & 
Curinga, 2023). Table 1 discusses the Key 
Advantages of Waterfall and Stage-Gate in 
Biopharmaceutical R&D. 
 
 

 

 
 

Table 1. Key Advantages of Waterfall and Stage-Gate in Biopharmaceutical R&D 
 Waterfall Methodology Stage-Gate Methodology References 
Compliance Sequential documentation Formal gate reviews (Ardila et al., 2022; 

Matha, 2021) 
Regulatory 
Alignment 

GLP, GMP, GCP 
adherence 

Issue resolution at each 
gate 

(Ahmed, 2024; 
Matha, 2021) 

Traceability Step-by-step audit trail Decision checkpoints (Cooper, 2008; 
Kodali, 2015) 

Risk Reduction Early error identification Stage-wise risk assessment (Ahmed, 2024; 
Matha, 2021) 

Time 
Management 

Fixed timelines Stage-specific deadlines (Eling et al., 2013; 
West, 2018) 

Cost Control Budget estimates per stage Re-budgeting at gate 
reviews 

(Balaban & 
Đurašković, 2021; 
Senarath, 2021) 

Decision Making Linear approvals Go/Kill decisions at gates (Cooper et al., 2002; 
Samaratova, 2024) 

Documentation 
Load 

High (full phase reports) Moderate (focused gate 
reports) 

(Modisha, 2024; 
Natarajan & Pichai, 
2024) 
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Flexibility Low (rigid sequence) Medium (decision points 
allow adjustment) 

(Jeong & Jeong, 
2016; Samaratova, 
2024) 

4.3 Cons: Rigidity, Change Resistance, and 
Time-to-Market Delays 
Although they have advantages, both Waterfall 
and Stage-Gate methodologies have limitations 
when they are used in the biopharmaceutical 
R&D. A drawback of them is their essential 
intractability, meaning that it can limit their 
appropriateness when new scientific 
comprehension or market conditions develop. 
As it does not allow for much changeability, the 
Waterfall model has come under fire as not 
being suitable for use in software development. 
The results from a completed phase are locked, 
and it is difficult to change anything based on 
changing needs or new ideas (Munteanu & 
Dragos, 2021). Projects using the waterfall 
methodology are easy to put up, execute, and 
manage as it has clear requirements; but it is a 
known fact that the model is not ready to change 
after the project begins (Theo Thesing et al., 
2021). Especially in biopharmaceutical R&D, 
unexpected results or unexpected scientific data 
may require a lot of modification of the project 
plan, which can be very problematic. While this 
is more flexible than Waterfall, it can still be 
ungainly if the change requires revisiting stages, 
completed or not. There are many potential 
sources of change resistance, ranging from 
organizational culture to existing workflows to 
individual preferences (Fagarasan et al., 2021). 
The next potential drawback of Waterfall and 
Stage-Gate methodologies is the delay in time-to-
market, since the sequential phase of these 
methodologies can prolong the whole project 
timeline. 
4.4 Role of Earned Value Management in 
Biopharma Milestones 
In the biopharmaceutical R&D, Earned Value 
Management (EVM) is significant for 
monitoring and controlling project performance 
against the pre-defined milestones or also known 
as quantitatively evaluating project progress, 
cost, and timing. It assimilates these three critical 
dimensions into a single system that provides 
project managers with actual time project status 
and susceptibility of the baseline plan deviation. 
(Stone, 2023). EVM allows the project manager 
to identify the variance by comparing planned 

value (PV), actual cost (AC), and earned value 
(EV), and to take corrective actions so that the 
project will stay on schedule. In the 
biopharmaceutical context, EVM is highly 
desirable since it can be used for tracking 
progress on key milestones, the steps to taking an 
IND to filing a New Drug Application (NDA), 
typically IND submission and Phase 1 clinical 
trial initiation, Phase 2 clinical trial completion, 
and NDA submission. EVM is appropriate for 
the identification of trends and variances from 
the project plan baseline, and forecasts of project 
performance problems on accuracy. It helps the 
project team to take corrective actions in project 
planning and control efforts. (Widowati & 
Rachmawati, 2020). Cost management is 
evaluated and forecasted by EVM, which is 
developed. (Zhao & Zi, 2021). But the control 
systems that EVM is currently using do not 
consider the flow of the product resources. EVM 
is practically good for calculating and estimating 
costs at completion of the project in a brief span 
of values after the completion of 15-20 percent 
of the project. Even having the same early 
emergence of EVM, the implementation of the 
same in projects remains a challenge. (Kjersem et 
al., 2015). 
5. Agile Project Management in 
Biopharmaceutical R&D: Navigating the 
Opportunities and Challenges 
The pharmaceutical industry has witnessed a 
profound shift from traditional project 
management approaches to modern, data-driven 
methods, as illustrated in Figure 6. Agile project 
management methodologies have emerged as a 
compelling alternative to traditional waterfall 
approaches in various industries, offering 
enhanced flexibility, adaptability, and 
responsiveness to evolving requirements. 
(Grudzinskas et al., 2022). With technological 
upgrades and more rigorous regulatory 
requirements, the demand for real-time visibility, 
transparency, and flexibility gained top priority. 
This shift established the foundation to 
incorporate Agile technologies—quicker, more 
responsive, and patient-centered program 
management options in the changing healthcare 
environment of today. 
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However, the biopharmaceutical research and 
development landscape presents unique 
challenges and constraints that necessitate a 
careful evaluation of the suitability and 
implementation of agile principles. (Hoa Khanh 
Dam et al., 2019). This section delves into the 

application of agile methodologies within 
biopharmaceutical R&D, exploring its potential 
benefits, limitations, and integration strategies 
with established quality and efficiency 
paradigms.  

 

 
Figure 6. Evolution of Pharmaceutical Program Management: Moving from old project methods to 

data-driven, agile techniques for enhanced project management and outcomes (Stephen, 2024) 
 

5.1 Agile Stage-Gate hybrid method 
The Agile Stage-Gate hybrid approach is a 
development in project management that is best 
suited to the complex and high-risk 
biopharmaceutical R&D environment. It blends 
the flexible, customer-centric aspects of Agile 
with the structured, review-oriented nature of 
Stage-Gate processes. (Jeong & Jeong, 2016; 
Walrave et al., 2022). In this approach, rather 
than finishing one entire stage before moving on 
to the next, work is divided into smaller, 
manageable pieces within each stage. Agile 
methodologies like sprint cycles, iterative 
prototyping, frequent stand-up meetings, and 
ongoing integration of stakeholder input are 
brought in to facilitate quicker learning and 
faster adaptations (Cooper & Sommer, 2016; 
Sommer et al., 2015). This ongoing iteration 
assists teams in dealing with uncertainties early 
on, testing assumptions quickly, and pivoting 
when needed on the basis of changing scientific 

or regulatory evidence (Sommer et al., 2015; 
Walrave et al., 2022). 
Concurrently, the Stage-Gate element assures 
that although iterative effort is happening within 
stages, projects are systematically reviewed at key 
decision points (Modisha, 2024). Every gate 
review examines progress against specified 
requirements that include technical feasibility, 
status of compliance, resource requirements, 
and commercial viability before allowing 
progress to the next stage (Matha, 2021). Figure 
7 shows the Agile Stage-Gate hybrid approach, a 
contemporary product development 
methodology that combines the disciplined 
decision-making of classical Stage-Gate processes 
with the adaptability and customer orientation 
of Agile methodologies. It graphically maps the 
process from ideation to post-launch review, 
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identifying key phases like Concept, Business 
Case, Development, Testing, and Launch.  
In the process, continuous user and customer 
feedback loops are prioritized, driving iterative 
refinement and market need alignment. This 

blended model is particularly valuable in high-
velocity industries where adaptability is 
necessary with speed, and technical validation is 
also crucial (Modisha, 2024). 

 
Figure 7. Agile Stage Gate hybrid approach, a new generation product 
development process that incorporates the disciplined decision-making of classical Stage-Gate 
processes and the flexibility and customer-oriented orientation of Agile methodologies. 
It graphically tracks the path from ideation to post-launch 
review, emphasizing key phases like Concept, Business Case, Development, Testing, and Launch. 
Throughout the process, ongoing customer and user feedback loops 
are prioritized, guaranteeing iterative refinement and market need alignment. This blend model 
is particularly valuable in fast-moving industries where quick adaptation and technical validation are 
both critical(Modisha, 2024). 
 
5.2 AI-Driven Agile Approach in Project 
Management 
Pharmaceutical firms are now implementing 
artificial intelligence (AI) systems in drug 
discovery processes, making use of predictive 
analytics and machine learning (ML) 
technologies to revolutionize discovery and 
development activities (Hoa Khanh Dam et al., 
2019). AI is the capability of machines to mimic 
human logic, while predictive analytics employs 
statistical techniques to examine past 
information and predict future results. Being a 
branch of AI, machine learning allows systems to 
improve their algorithms through the data they 
have collected. These technologies have gained 
widespread use in pharma research because they 
can quickly process and analyze the gigantic 
datasets needed to create new drugs. The most 
important algorithms frequently used are neural 
networks, decision trees, and random forests. 

Neural networks replicate the structure of the 
human brain to reveal hidden patterns in big 
datasets, whereas decision trees and random 
forests provide simple, comprehensible 
prediction models. In combination, these 
technologies greatly complement drug discovery 
by interpreting chemical structure and biological 
data to select promising new drugs. (Stephen, 
2024). 
These developments underscore the increasing 
significance of AI-based approaches to 
streamline drug discovery pipelines. By 
simplifying data processing and enhancing 
predictive efficacy, AI not only facilitates 
accelerated discovery but also increases the 
efficacy of clinical trials. To further demonstrate 
the effects of AI in clinical research, Figure 8 
presents the time and cost savings accrued 
through various phases of AI-optimized clinical 
trials. 
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Figure 8. Time management and cost reductions across clinical trial phases produced via AI 
optimization, highlighting better trial efficacy (Stephen, 2024). 
 
Over the past several years, there has been a 
significant and consistent growth in the 
adoption of AI technologies across the 
pharmaceutical sector. The graph presented in 
Figure 9  highlights the year-wise increase in AI 
investments, improvements in pharmaceutical 

productivity, and associated cost savings from 
2018 to 2023. This steady upward trend reflects 
the growing recognition of AI’s potential to 
transform various aspects of drug development 
and commercialization (Stephen, 2024). 

 

 
Figure 9. Year-wise growth in AI adoption(2018–2023)(Stephen, 2024)

 The data evidently shows that while investment 
in AI technologies has risen, so has the  
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Industry's overall productivity and cost-
effectiveness. Even more noteworthy is the steep 
increase in cost savings and productivity 
improvement after 2020, in tandem with faster 
digital transformation initiatives. This high 
correlation puts focus on the pivotal role AI 
currently assumes in remodeling pharmaceutical 
research and operating strategies, which falls 
directly into the objectives of this study to 
investigate the combination of agile and AI-
based technology for better pharmaceutical 
development results. 
5.3 Use Cases of Agile in Research Pipelines 
and Product Development 
The initial software development purpose of 
Agile methodologies now applies to various 
sectors including biopharmaceutical operations 
in research pipelines and product development 
(Chakravorty et al., 2014). Agile frameworks help 
scientific research adapt through incremental 
development since this methodology allows 
teams to create projects based on emerging data 
findings (Pussella & Bandara, 2018). Direct 
application of agile principles helps researchers 
make faster discoveries by combining rapid 
research-cycle testing for both experimental 
design and performance with analysis and 
hypothesis development (O’Sheedy & Sankaran, 
2013). Agile development methods work as 
project management solutions for analytical 
techniques and formulation development and 
drug delivery systems to improve iteration 
performance during regulatory changes. Agile 
models such as Scrum and their counterparts 
implement fixed-time cycles to achieve 
evolutionary development through self-
organized teamwork of interdisciplinary teams 
(Vijay & Ganapathy, 2014). Organizations that 
implement agile methodologies build improved 
communication systems that connect research 
teams with development teams and 
manufacturing teams and regulatory divisions 
throughout product development. Agile 
principles help pharmaceutical organizations 
develop therapies rapidly while improving 
research functions to better meet evolving 
medical and patient needs. Agile methodologies 
continue to gain popularity in the 
biopharmaceutical sector because companies 
aim to hasten medicine creation for urgent 
medical requirements and enhanced patient 
results through these methodologies that 

overcome years-long, expensive, and 
unsuccessful pharmaceutical development 
projects (Gawade et al., 2023). Organizations use 
Agile methodologies to speed up drug candidate 
development while they enhance their 
operational research performance. The 
capability to react swiftly to market shifts will 
transform into a competitive resource that 
benefits biotechnology companies (Scheitz et al., 
2018). 
5.4 Pros: Adaptive Planning, Team 
Empowerment, Rapid Prototyping 
The implementation of Agile project 
management produces three main advantages 
for biopharmaceutical research development 
through adaptive planning approaches and team 
empowerment as well as prompt prototype 
development. Teams use adaptive planning as an 
efficient mechanism to manage changes by 
effectively managing information alongside 
instant decision-making systems (Rietze & 
Zacher, 2022). The approach acknowledges how 
R&D environments maintain continuous 
alteration because of science developments 
combined with changing market trends and 
shifting regulatory standards. Agile approaches 
see change as a positive force rather than a 
danger thus teams can reshape their objectives 
through current data (Grudzinskas et al., 2022). 
The empowerment of team members through 
agile methodologies grants them autonomy in 
decision-making along with decision-making 
freedom which creates a positive environment 
where members feel accountable. The method 
develops supportive workplaces that allow 
workers to share their specific abilities along with 
personal opinions thus leading to creative 
innovative results. Agile project management 
enables rapid prototyping as a crucial benefit 
that allows teams to rapidly create and evaluate 
new ideas along with formulations and 
processes. Early regular prototype development 
with evaluation helps teams find potential 
challenges that they can optimize their designs 
before making extensive resource investments. 
Project advancement in uncertain situations 
happens through agile framework structures 
using iterative work cycles called sprints with 
daily meeting sessions combined with ongoing 
feedback procedures that enable enhanced 
understanding and fast decision-making, and 
superior results (Renault & Tarakci, 2023). The 
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drug development environment requires an 
evaluation system that examines priorities 
through ongoing data collection and developing 
goals using adaptive planning approaches. The 
agile project management methodologies enable 
efficient responses through their method to 
manage projects, which simultaneously increases 
research effectiveness and accelerates innovation 
outputs, resulting in improved 
biopharmaceutical R&D results (ElZarrad et al., 
2022). 
5.5 Limitations: Regulatory Burden, 
Documentation Demands, and Agile Maturity 
Agile project management demonstrates 
drawbacks in biopharmaceutical R&D, 
particularly because of regulatory constraints 
and documentation requirements, while also 
needing organizations to establish effective agile 
capabilities. The biopharmaceutical industry 
must achieve strict documentation practices and 
validate all procedures according to Good 
Manufacturing Practices to satisfy FDA and 
EMA regulations. Agile methodologies run into 
difficulties when implementing these 
requirements because their main principle of 
flexibility opposes the regulatory requirement to 
document records while ensuring compliance 
(Gandomani et al., 2013). Big pharmaceutical 
R&D documentation requirements present 
specific challenges to agile teams because they 
need a unique method of documentation 
compared to waterfall models. According to agile 
principles, working software takes priority; 
however, regulations mandate the full 
documentation of experiments together with 
analysis decisions and software development 
from the start until completion. (Rasmussen et 
al., 2009). The implementation of agile project 
management for biopharmaceutical R&D 
depends heavily on the agile maturity level of an 
organization, which represents how well an 
organization cultivates agile values together with 
principles and practices. Organizations that 
display low agile maturity struggle with effective 
agile methodology implementation because this 
condition creates confusion and project-level 
resistance, leading to project-level failure. The 
organization needs to dedicate time to 
implement proper planning along with 
adaptations and maintain an agile maturity 
development program that manages the 
implementation of agile procedures under 

regulatory needs, while investing in teaching and 
executive support, and establishing an approach 
that prioritizes teamwork and non-stop 
improvement development. (Hüllmann et al., 
2024). A company transitioning to agile work 
methods needs fundamental organization 
reform and cultural change, along with 
structural alterations to achieve success despite 
employee resistance to change and the absence 
of agile expertise. (Obrutsky & Erturk, 2017). 
Development teams face challenges during agile 
implementation within a traditional plan-driven 
environment when they lack an understanding 
of comprehensive requirements. (Kasauli et al., 
2020).  
5.6 Integration of Agile with Quality-by-Design 
and Lean R&D Principles 
Building an effective solution through agile 
methodologies and Quality-by-Design and Lean 
R&D principles delivers both top-quality 
outcomes and innovative biopharmaceutical 
development (Kontoravdi et al., 2013). The joint 
implementation of agile methodology with QbD 
and Lean principles leads biopharmaceutical 
companies toward a streamlined, efficient drug 
development solution. Agile principles share 
compatibility with QbD principles by 
implementing practices for data-driven 
experimental testing and continuous 
improvement methods. The agile project 
management system provides organisations with 
adaptable processes to manage QbD 
implementation complexities so teams can 
modify their plans while adapting to new project 
information. Actions supporting the Lean 
principles function alongside agile processes to 
optimize R&D value delivery by minimizing all 
useless expenditures. High-quality workplace 
communication emerges from Agile systems to 
create efficient operations that speed up 
production durations. Integrated application of 
agile with Lean and QbD enables 
biopharmaceutical companies to optimize their 
research and development processes and 
enhance product quality along with faster time 
to market (Yu et al., 2014). Organizations test 
and implement agile development approaches 
across software development projects to enhance 
IT throughput, together with speed (Augustine 
et al., 2005). The implementation of lean 
principles in software development projects 
occurs throughout different levels, starting from 
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philosophy and principles and ending with 
organizational practices before affecting project 
performance (Yadav et al., 2019). Lean principles 
applied to plan-driven software development 
projects lead organizations to gain both 
efficiency and effectiveness in their operations 
while maintaining high pharmaceutical 
development standards through QbD principles 
(Raman et al., 2015). Through QbD, companies 
establish a standardized method to detect 
important product quality characteristics and 
vital manufacturing parameters that affect final 
product quality (Mohurle et al., 2019). Agile 
adaptive planning operates within the structured 
process to enable continuous development 
activity monitoring and adjustment to keep 
product quality consistent across the 
development period. When Lean R&D 
principles unite with Agile methods, they create 
supplemental research development gains 
through resource optimization and waste 
reduction in biopharmaceutical research. The 
implementation of Lean principles requires 
value stream mapping to identify bottlenecks, 
allowing Agile methods to address non-value-
added activities through its iterative 
development process. The combined system 
enables quick prototype development and 
testing, which condenses the time needed for the 
learning process and regulatory requirement 
adaptation. (Yu et al., 2014). Pharmaceutical 
development succeeds by applying QbD 
approaches and achieves superior formulation 
resistance, which leads to elevated regulatory 
body acceptance rates (Pramod et al., 2016). 
Agile's repetitive feedback mechanism assists in 
keeping QbD targets central while developing an 
ongoing environment for product improvement. 
(Orlandini et al., 2013; Zhang & Mao, 2017). 
QbD represents a systematic approach for 
building and providing quality through complete 
process and product factor understanding. 
(Testas et al., 2021). Team members achieve 
project alignment through collaboration as they 
both understand goals and the reasons behind 
major decisions. 
6. Comparative analysis: Agile vs Traditional 
Models (Cycle Time, Cost Variance, Risk 
Tolerance) The evaluation of performance 
measures between predictive and adaptive 
project management systems reveals essential 
operational distinctions which apply to 

biopharmaceutical R&D. The Waterfall 
methodology along with traditional predictive 
models pushes project advancement through 
linear compulsory steps that require phase 
completion for starting the next step (Purba, 
2021). The strategic nature of this technique 
helps meet compliance demands along with 
documentation requirements, yet it typically 
causes longer development periods. Traditional 
biopharmaceutical development models require 
around 8 to 12 years to produce a final marketed 
product, starting from discovery up until all 
required clinical trials have been successfully 
completed (Kesik‐Brodacka, 2018). The 
development of clinical trial protocols alongside 
ethical approvals, together with site 
establishment, requires up to 12 to 18 months, 
going from start to first patient enrollment. The 
extensive project durations primarily result from 
phase-gated systems, which are typical in 
traditional project management methods 
(Rolstadås et al., 2011). The adaptive Agile 
approach introduces adaptable workflow 
methodologies that speed up development 
periods, especially during the preliminary 
research phases. Parallel evaluations with Agile 
principles and iterative sprints for rapid 
prototyping led to a cycle time reduction 
between 20% to 30%. Teams that adopt an agile 
approach can perform simultaneous evaluations 
on multiple hypotheses or compounds in 
preclinical screening and candidate 
optimization, as well as early formulation 
development (Whiteley et al., 2021). Within 
these methods, the cost variance plays an 
important role in differentiation. The budget 
creation process within predictive models relies 
on exhaustive planning to generate fixed 
financial plans of detailed amounts. The 
accuracy of initial cost forecasting in Waterfall 
approaches becomes less reliable during complex 
R&D development because encountered 
deviations typically result in significant budget 
overruns (Disch & Wouters, 2024). The 
pharmaceutical field shows evidence of 
significant final-stage cost alterations which 
range from 30% up to 50% according to 
historical project management data that mostly 
attributes these shifts to unanticipated technical 
issues and regulatory requirements. Agile 
organizes itself to enable change and scope 
development so projects achieve improved 
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financial flexibility after their initial launch. 
Agile's iterative budgeting approach delivers 
better cost containment of dynamic projects 
through time because it helps identify needed 
scientific adjustments early despite producing 
less accurate initial cost estimates (Aggarwal, 
2022). The distinct profiles between risk 
tolerance mark traditional and adaptive project 
management as separate models. Traditional 
projects devote a prolonged planning phase 
during which they later apply rigorous 
monitoring systems to reduce project 
uncertainties. Change management passes 
through a formal process utilizing Change 
Control Boards, which leads to extended, 
bothersome adaptation processes (Mishra &  
Alzoubi, 2023). According to Agile 
methodologies, projects start with the 

expectation of requirement alteration, so 
developers build adaptable systems into their 
methods. The costs of finding non-successful 
elements are minimal, so agile teams have 
authorization to take swift action immediately. 
Organizations benefit during advanced 
biopharmaceutical development, which includes 
mRNA therapies and gene editing, together with 
immuno-oncology through their capacity to 
perform swift testing cycles that reveal potential 
pitfalls ahead of time (Almeida & Espinheira, 
2021). Agile encourages businesses to apply 
experimental control over plan immobility for 
developing practical approaches that balance 
present-day R&D risk management with 
innovation. Table 2 provides a Comparative 
performance metrics analysis of traditional and 
agile methodologies.

Table 2. Comparative performance metrics analysis of predictive (Waterfall) vs. adaptive (Agile) project 

management approaches to biopharmaceutical R&D. The table calls out key distinctions in cycle time, 
cost variance, risk tolerance, flexibility, and responsiveness to innovation, focusing on the operational 
trade-offs of concern for managing complex pharma development projects (Syed et al., 2023). 

Parameter Predictive Methodology Adaptive or agile Methodology 
Cycle Time The development process stretches 

from 8-12 years during full 
development, as well as preclinical 
and clinical trials at 12 to 18 
months, estimating linear 
procedural steps. 

The early stages of R&D benefit 
from a 20–30% improvement 
while speed becomes faster 
through iterative developmental 
sprints. 

Cost Variance The project budget displays 
accuracy at its outset but faces 
significant budget growth (30–
50%) during late development 
from unforeseen issues and 
narrowscoping. 

Initial project forecasts suffer 
from reduced accuracy yet cost 
containment improves during 
execution because managers can 
shift funds according to project 
changes. 

Risk tolerance The system operates with limited 
change flexibility together with 
detailed initial planning stages and 
defined regulatory processes while 
demonstrating slow adoption of 
updated information. 

The organization demonstrates 
high adaptability to changes 
alongside evolving requirements 
and implements a failure 
identification method that helps 
to discard unworkable approaches 
particularly in innovative fields 
such as mRNA and cell therapy 
research. 

Flexibility The system alteration process 
moves slowly with limited 
capabilities because Change 
Control Boards (CCBs) maintain 
control. 

A high level of adaptation occurs 
as cross-functional teams modify 
their plans throughout sprints 
after processing current 
information. 
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7. Hybrid Project Management Frameworks in 
Regulated Environments 
7.1 Hybrid Models and Methodological 
Convergence 
Convergence of the multifarious project 
management paradigms has seen the emergence 
of the hybrid models with an optimum, 
specifically customized methodology in terms of 
intertwining classical methods with agile tactics 
for better outcome from the project (Azenha et 
al., 2020). These hybrid methodologies 
acknowledge that no single methodology can be 
applied universally, and that the best approach is 
usually a combination of techniques from 
various frameworks to meet the unique context 
and needs of a project (Gemino et al., 2020). 
Hybrid approaches offer a flexible and 
responsive structure that can be tailored to the 
complexity and uncertainty found in 
contemporary projects (Klünder et al., 2021). 
The blending of conventional project 
management practices with agile structures has 
been especially valuable in settings with high 
rates of change and changing requirements 
(Lalmi et al., 2021). The rising practice of hybrid 
project management is evidence of a new 
awareness that projects are not uniform entities, 
but dynamic undertakings that must be 
approached flexibly and dynamically (Albrecht 
& Albrecht, 2021) 
7.2 Integration of PMI Disciplines: Scope, 
Time, Quality, and Communication 
Project Management Institute has developed an 
all-inclusive framework of project management 
disciplines such as scope, time, quality, and 
communication management, without which no 
project can be executed successfully. It is vital to 
integrate these disciplines efficiently in order to 
implement the projects within time, budget, and 
quality standards. Scope management consists of 
defining and controlling the scope of the project, 
making sure that all required work is within it, 
and no unnecessary work is included. Time 
management aims at planning, scheduling, and 
controlling project activities to complete it on 
time (Lenfle & Loch, 2010). Quality 
management covers the activities and processes 
required to guarantee that the project 
deliverables are of the required quality. 
Communication management entails planning, 
conducting, and controlling communication to 

make sure stakeholders are informed and 
involved throughout the project life cycle. 
The intersection of these PMI disciplines is most 
important in complicated projects, where task-to-
task and stakeholder interdependence is high. 
By combining scope, time, quality, and 
communication management, project managers 
are able to develop an integrative perspective on 
the project, detect potential threats and 
problems ahead of time, and make decisions to 
ensure that the project stays on schedule 
(Raharjo & Purwandari, 2020). Successful 
integration demands a team effort, where all 
project stakeholders collaborate to set 
requirements, schedule timelines, and maintain 
quality standards. Project Management Body of 
Knowledge characterizes project management as 
using knowledge, skills, tools, and techniques to 
project activities in order to satisfy project needs 
(Chen et al., 2021). For any project and its 
sustainable success, the supply chain resilience, 
corporate social responsibility, and intellectual 
property protection are critical for achieving 
sustainable competitive advantage (Abid et al., 
2025). Project management 
is achieved through proper application 
and consolidation of the 47 project 
management processes logically organized into 
five Process Groups (Pinto et al., 2020). 
The five Process Groups are: Initiating, 
Planning, Executing, Monitoring and 
Controlling, and Closing. Project 
communication, although straightforward, has a 
large influence on participant comprehension 
(Mardiani, 2019). Project communications 
management is one of the key knowledge areas 
for project success. Project communication has 
finer nuances than the ordinary business 
communication since project management 
measures, systematizes, and documents nearly all 
activities. Along side project life cycle, well being 
of the worker be taken care of, as depicted by  
Abid et al., (2019) The worker faces impairment 
of daily functioning through low mood and 
activity disinclination (American Psychological 
Association, 2013; Lin, Yen, Chen, & Chen, 
2014). Project Communication also has standard 
procedures and manuals, as PM works under 
limitations of costs and deliveries, similar to 
Operations Management (Use of Effective 
Project Communication Principles in an 
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Overseas IT Project: A Case of Wipro 
Technologies, 2012). 
Effective communication is an important 
success factor and the most efficient 
communication strategies for a manager to 
adopt in a project are the PMI communication 
strategy, the six general steps of a 
communication strategy, identifying the 
direction of communication, and selecting an 
appropriate communication channel (Galli, 
2020). Project managers who work to create 
proactive management of the environmental 
factors around them to define a 
communications environment, instead of being 
forced to play a reactive role towards the various 
messages and barriers which they have to deal 
with, can cultivate communication skills as they 
expand their cognition that communication is 
interactive and manageable (Gillard & 
Johansen, 2004). Moreover, according to 
Anderson and Brown (2010), a steeper hierarchy 
in management structure provides more benefits 
to all the ranks in an organization than flatter 
one (Abid et al., 2016) 
Conclusion 
This review demonstrates that while the 
Waterfall and Stage Gate models have served 
biopharmaceutical R&D well through 
structured rigor, compliance, traceability and 
resource forecasting, they do not quite get to the 
front end of delivering innovation and 
responsiveness to market dynamics in an 
accelerating environment. Agile, however, brings 
forth a more dynamic, iterative approach which 
is more adaptive planning, cross functional 
collaboration and faster prototyping capabilities 
that are important for such platforms as mRNA 
technologies. But it needs to be integrated, and 
governance adapted carefully to fill the gap 
between Agile and the industry’s regulatory and 
document intensive environment. 
The transition of the paradigm toward hybrid 
models such as Agile-Stage-Gate raised the 
prospects of maximizing strategic value from a 
hybrid fused version of predictive discipline and 
adaptive flexibility. Synchronization for 
biopharmaceuticals organizations of governance, 
innovation enablement, and risk management 
practices using hybrid methodology increases the 
compliance as well as speed of R&D pipeline of 
the organization. While the rigid application of 
a single methodology for project management 

will continue to decline in biopharma due to the 
continued evolution of digital tools and 
organizational maturity model, project 
management in biopharma in the future is likely 
to be conglomeration of intelligent 
methodological convergence guided by the 
context of the specific project, regulatory 
landscape, and Blue Horizon 
Innovation Imperatives. 
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