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Abstract—With the rapid development of digital technology,
digital transformation in the pharmaceutical industry has be-
come key to enhancing enterprise competitiveness. This paper
takes X Pharmaceutical Group as a case study to analyze
their operational model optimization practices during digital
transformation. The research finds that X Pharmaceutical Group
has significantly improved operational efficiency and market
responsiveness through measures such as building a smart supply
chain platform, advancing digital marketing transformation, and
establishing a data-driven decision-making system. However, they
also face challenges including data security risks, insufficient
talent reserves, and difficulties in integrating traditional business
models with digitalization. To address these issues, this paper
proposes recommendations including improving digital infras-
tructure construction, strengthening digital talent development,
and optimizing organizational structure, providing practical
reference for pharmaceutical enterprises’ digital transformation.
The results show that digital transformation can not only improve
enterprise operational efficiency but also promote collaborative
development of pharmaceutical industry supply chains, holding
significant importance for promoting high-quality development
in the pharmaceutical industry.

Index Terms—Pharmaceutical enterprises, Digital transfor-
mation, Operation model, Smart supply chain, Organizational
innovation

I. INTRODUCTION
A. Research Background and Significance

In recent years, with the rapid development of new-
generation information technologies such as artificial intelli-
gence, big data, and cloud computing, digital transformation
has become an important driver for high-quality enterprise
development. In the pharmaceutical industry, digital transfor-
mation involves not only the optimization and upgrade of
traditional business processes but also relates to improving
overall pharmaceutical supply chain efficiency and medical
service quality. According to recent research data, the global
pharmaceutical industry’s digital transformation market size
reached 284.7 billion USD in 2023 and is expected to ex-
ceed 400 billion USD by 2025 [1f]. In China, pharmaceuti-
cal enterprise digital transformation has been elevated to a
national strategy, with the “l4th Five-Year Plan for Digital
Economy Development” clearly listing smart healthcare as a
key development area, providing policy support and devel-
opment opportunities for pharmaceutical enterprises’ digital
transformation [2]]. In the post-pandemic era, pharmaceutical
supply chain resilience and efficiency have gained significant
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attention, as traditional operational models can no longer meet
market demands for rapid response, precise distribution, and
intelligent supervision. Digital transformation can help phar-
maceutical enterprises improve operational efficiency, reduce
operational costs, and achieve precise marketing, intelligent
inventory management, and supply chain collaboration through
data-driven approaches [3]]. Particularly in pharmaceutical dis-
tribution, digital transformation can effectively address pain
points such as information asymmetry, inventory backlog, and
low distribution efficiency, which is crucial for improving the
service level of the entire healthcare system [4].

X Pharmaceutical Group, as a representative of China’s
large pharmaceutical enterprises, serves as a typical and
demonstrative case for digital transformation practices. Study-
ing X Pharmaceutical Group’s experiences and challenges in
digital transformation can not only provide valuable references
for other pharmaceutical enterprises but also offer practical
support for improving China’s pharmaceutical industry digital
transformation theoretical system. Meanwhile, this research
holds significant theoretical value and practical implications
for promoting pharmaceutical industry chain modernization,
improving healthcare service efficiency, and facilitating high-
quality development in the pharmaceutical industry [5].

B. Research Objectives and Content

This research aims to deeply analyze the operational model
optimization pathways for pharmaceutical enterprises dur-
ing digital transformation from both theoretical and practi-
cal perspectives. In terms of research content planning, we
first constructed a complete theoretical analysis framework
to study the impact mechanism of digital transformation on
pharmaceutical enterprise operational efficiency. Through sys-
tematic analysis of multiple dimensions including technology
application, organizational change, and process reengineering
during enterprise digital transformation, we seek to reveal
the intrinsic connection between digital transformation and
enterprise operational effectiveness. Special attention is paid to
the application effects of digital technology in pharmaceutical
supply chain optimization, including specific practices in intel-
ligent warehousing, smart logistics, and intelligent marketing.
Meanwhile, this research focuses on exploring key success
factors and potential risks in digital transformation, providing
theoretical guidance and practical reference for pharmaceutical
enterprises in formulating digital transformation strategies [|6].
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In setting specific research objectives, this paper iden-
tifies four core tasks: First, through literature review and
theoretical analysis, establish an evaluation index system for
pharmaceutical enterprise digital transformation, laying the
foundation for subsequent empirical research. Second, using
X Pharmaceutical Group as the research subject, employ
case analysis methods to thoroughly examine their specific
measures and actual effects in digital transformation. Third,
through comparative analysis of advanced domestic and in-
ternational pharmaceutical enterprises’ digital transformation
practices, summarize replicable and scalable experiences and
practices. Finally, based on research findings, propose pol-
icy recommendations and optimization pathways to promote
pharmaceutical enterprise digital transformation. The research
process particularly emphasizes the combination of theory
and practice, ensuring research results have practical guiding
significance. Additionally, special attention will be paid to
risk prevention and value creation mechanisms in digital
transformation, providing reference for enterprises to achieve
sustainable development [/7].

The innovation of this research is reflected in three as-
pects: First, it combines digital transformation theory with
pharmaceutical enterprise operational practices to construct an
industry-specific analytical framework. Through the introduc-
tion of advanced theoretical tools such as smart supply chain
theory and digital maturity assessment models, it enriches
the theoretical dimensions of pharmaceutical enterprise digital
transformation research. Second, it adopts a combination of
qualitative and quantitative research methods, not only con-
ducting in-depth analysis of case enterprises but also verifying
the impact of digital transformation on enterprise operational
efficiency through empirical research. Third, the optimization
recommendations based on research results have strong op-
erability and applicability, providing valuable reference for
pharmaceutical enterprise digital transformation practices. The
research outcomes will provide new ideas and methods for
pharmaceutical enterprise digital transformation while also of-
fering theoretical support for relevant policy-making. Through
systematic research design and rigorous research methods, the
scientific validity and reliability of research conclusions are
ensured [8]].

C. Research Methods and Innovation

This research employs a diversified research methodology
system, combining qualitative and quantitative analysis ap-
proaches to ensure the scientific validity and reliability of
research conclusions. First, through literature research meth-
ods, we systematically reviewed domestic and international
theoretical achievements and practical experiences regarding
pharmaceutical enterprise digital transformation, establishing a
theoretical foundation for constructing the research framework.
Second, through case study methods, we conducted in-depth
analysis of X Pharmaceutical Group’s digital transformation
practices, including detailed examination of multiple dimen-
sions such as internal documents, annual report data, and
transformation project implementation processes. During the
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research process, we combined field research with in-depth
interviews, obtaining first-hand materials through thorough
communication with enterprise managers and technical per-
sonnel. Meanwhile, using comparative analysis methods, we
compared X Pharmaceutical Group’s digital transformation
practices with benchmark enterprises both domestically and
internationally, discovering universal patterns and special ex-
periences [9].

In the empirical research section, this paper adopted the
Data Envelopment Analysis (DEA) method to construct an
evaluation model for quantitatively assessing pharmaceutical
enterprise digital transformation effects. Through setting mul-
tiple evaluation indicators including digital input intensity,
operational efficiency improvement level, and market response
speed, we established a scientific evaluation system.

The research technical route design follows the research
logic from theory to practice, from phenomenon to essence,
ensuring the comprehensiveness and reliability of research
conclusions through multi-level, multi-angle analysis. In the
data collection process, we paid attention to both the com-
pleteness of historical data and the dynamic changes of real-
time data. Through establishing a systematic data collection
and analysis framework, we ensured the standardization and
scientific nature of the research process. Particularly in the
case analysis phase, we adopted structured interview outlines
and standardized data collection methods to improve the
credibility and comparability of research results. Additionally,
during the research process, we particularly emphasized the
complementarity between methods, enhancing the robustness
and persuasiveness of research conclusions through cross-
validation of multiple research methods [10].

II. LITERATURE REVIEW AND THEORETICAL
FOUNDATION

A. Digital Transformation Theory

With the continuous development of digital technology,
digital transformation theory research has become increas-
ingly systematic and refined. Digital transformation was first
proposed by Westerman and colleagues, who defined it as
a systematic engineering process through which enterprises
reshape business models, optimize operational processes, and
enhance customer experience through digital technology. Dig-
ital transformation is not merely technological innovation but
a comprehensive improvement of organizational capabilities
and fundamental transformation of business models. From an
evolutionary perspective, digital transformation has undergone
three developmental stages: digitization, networking, and in-
telligence, with each stage presenting different characteristics
and requirements. In recent research, scholars increasingly
emphasize the systematic and strategic nature of digital trans-
formation, viewing it as a key initiative for enterprises to
maintain competitive advantages in the digital era [[11]].

Digital transformation maturity theory provides important
theoretical guidance for enterprise transformation practices.
This theoretical framework encompasses multiple dimensions
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including technology application, organizational change, pro-
cess optimization, and talent development, emphasizing that
enterprise digital transformation is a gradual, phased process.
According to Fitzgerald’s research, enterprise digital trans-
formation maturity can be divided into four stages: initial
stage, development stage, maturity stage, and leading stage.
Each stage has its specific objectives and challenges, re-
quiring enterprises to formulate corresponding transformation
strategies based on their developmental stage. Notably, the
improvement of digital transformation maturity is not linear
but demonstrates a stepped ascent pattern. In this process,
enterprises need to continuously accumulate experience, op-
timize solutions, and break through bottlenecks to achieve
transformation objectives. Digital transformation maturity the-
ory particularly emphasizes the importance of organizational
learning capability in the transformation process, considering
continuous learning and adaptation ability as key factors for
successful transformation [[12].

Dynamic capability theory provides another important the-
oretical perspective for understanding enterprise digital trans-
formation. This theory suggests that in rapidly changing en-
vironments, enterprises need to possess dynamic capabilities
in sensing market opportunities, integrating resource capa-
bilities, and achieving business reconfiguration. During dig-
ital transformation, enterprises need to continuously enhance
these three capabilities to adapt to new requirements in the
digital economy era. Research shows that enterprises with
stronger dynamic capabilities demonstrate greater adaptability
and innovation in digital transformation. These enterprises can
better identify opportunities and challenges brought by digital
technology, more effectively integrate internal and external
resources, and more rapidly achieve business model innova-
tion. Dynamic capability theory also emphasizes the important
role of organizational learning and knowledge management
in digital transformation, considering continuous capability
enhancement and knowledge accumulation as foundations for
successful transformation. Particularly in knowledge-intensive
industries like pharmaceuticals, the construction of dynamic
capabilities has a decisive impact on enterprise digital trans-
formation [13]].

B. Current Research on Pharmaceutical Enterprise Operating
Models

Research on pharmaceutical enterprise operating models
has shown diversification and deepening trends in recent
years. While traditional research primarily focused on supply
chain management, inventory control, and marketing network
construction, the focus has gradually shifted toward smart
supply chain, digital marketing, and intelligent operations with
the development of digital technology. Chen and colleagues’
research indicates that pharmaceutical enterprise operating
models are transitioning from traditional linear supply chains
to digital ecosystems, a transformation that not only changes
business processes but also reshapes the entire value creation
system. Under the digital context, innovation in pharmaceu-
tical enterprise operating models has become a focal point
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of academic attention. Particularly in the post-pandemic era,
scholars have increasingly emphasized the resilience and dig-
italization level of pharmaceutical supply chains. Research
findings suggest that pharmaceutical enterprises equipped with
digital capabilities demonstrate stronger adaptability and risk
resistance when facing market fluctuations [14].

Research on pharmaceutical enterprise digital operating
models exhibits distinct phase characteristics. Through sys-
tematic review of related research published between 2018-
2023, Li and colleagues identified three main stages in phar-
maceutical enterprise digital operations research: The first
stage emphasized information system application research,
mainly exploring the implementation effects of ERP, CRM,
and other systems in pharmaceutical enterprises. The sec-
ond stage began focusing on the deep integration of digital
technology with business processes, with research emphasis
shifting toward intelligent manufacturing and smart logistics.
The third stage places more emphasis on the revolutionary
impact of digital transformation on overall enterprise operating
models. Existing research generally recognizes that pharma-
ceutical enterprise digital transformation requires not only
technological upgrades but also supporting business model
innovation and organizational change. As research deepens,
scholars increasingly emphasize the systematic and strategic
nature of enterprise digital capability building. Notably, re-
searchers have begun to focus on the influence mechanism
of digital transformation on pharmaceutical enterprises’ core
competitiveness, marking the entry of related research into a
deeper phase [15].

In terms of pharmaceutical enterprise operational efficiency
evaluation, existing research has formed a relatively com-
plete theoretical system. The pharmaceutical enterprise digi-
tal operational efficiency evaluation framework proposed by
Zhang and colleagues has gained widespread recognition.
This framework constructs evaluation indicators from multiple
dimensions including operational efficiency, innovation capa-
bility, and market response speed. Research results indicate
a significant positive correlation between digitalization level
and enterprise operational efficiency. Improvement effects are
most evident in key indicators such as inventory turnover rate,
order response time, and customer satisfaction. However, some
studies point out that digital transformation has characteris-
tics of long investment-output cycles and slow effectiveness,
requiring enterprises to have sufficient strategic patience and
resource support when advancing digital transformation. Ad-
ditionally, researchers found that factors such as enterprise
scale, regional location, and technical foundation all influence
digital transformation effects. Notably, recent research has
begun to focus on the environmental value of pharmaceutical
enterprise digital transformation, finding that digital operating
models can significantly reduce enterprise carbon emissions
and resource consumption [|16].

C. Theoretical Review

Although existing research has achieved rich results in
the field of pharmaceutical enterprise digital transformation,
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there remain several issues worthy of further exploration.
First, current research primarily concentrates on the technical
application level, with insufficient attention to soft factors
such as organizational change and cultural reshaping during
digital transformation. Second, while various evaluation indi-
cator systems have been established, these systems are often
overly complex or difficult to quantify, limiting their practical
application value. Third, existing research lacks sufficient
study of the long-term effects of pharmaceutical enterprise
digital transformation, particularly regarding risk prevention
and sustainable development. Additionally, research methods
are predominantly qualitative analysis, lacking effective quan-
titative research support. Finally, most studies are limited
to case analyses of single enterprises or regions, lacking
systematic comparative research and universally applicable
conclusions [17]].

From a research perspective, existing literature reveals
clear theoretical gaps in pharmaceutical enterprise digital
transformation research. Wang and colleagues point out that
current research often equates digital transformation with
technological upgrades, neglecting organizational learning and
capability building during the transformation process. In terms
of research framework design, existing research largely adopts
static analysis methods, making it difficult to effectively grasp
the dynamic characteristics and evolutionary patterns of digital
transformation. Meanwhile, insufficient consideration is given
to industry-specific factors such as regulatory requirements,
quality control, and supply chain characteristics in the pharma-
ceutical sector, limiting the industry applicability of research
conclusions. Particularly in digital transformation performance
evaluation, existing research overly focuses on short-term
financial indicators, showing obvious inadequacies in assessing
enterprises’ long-term competitiveness enhancement. Further-
more, research paradigms rely too heavily on traditional man-
agement theory frameworks, lacking effective integration and
innovative application of emerging digital economy theories
[18]].

Based on the limitations of existing research, future stud-
ies should be deepened in several aspects: First, systematic
research on pharmaceutical enterprise digital transformation
needs to be strengthened, establishing theoretical frameworks
more aligned with industry characteristics. Second, qualita-
tive and quantitative research methods should be effectively
combined to improve the scientific validity and reliability
of research conclusions. Third, research on organizational
change and capability building during digital transformation
needs to be enhanced, exploring the internal mechanisms of
transformation in depth. Meanwhile, research on risk preven-
tion in pharmaceutical enterprise digital transformation should
be strengthened, establishing more comprehensive risk as-
sessment and management systems. Additionally, comparative
research on digital transformation paths for different types of
pharmaceutical enterprises should be enhanced to summarize
more universally applicable experiences and insights. Finally,
the research perspective should extend to the entire pharma-
ceutical industry ecosystem, exploring the impact of digital
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transformation on industry chain collaborative development
[19].

III. ANALYSIS OF X PHARMACEUTICAL GROUP’S DIGITAL
TRANSFORMATION STATUS

A. Enterprise Basic Information

X Pharmaceutical Group, established in 1998, is a large
pharmaceutical enterprise group integrating pharmaceutical
research and development, manufacturing, and distribution.
The company has a registered capital of 5.2 billion RMB and
currently employs over 15,000 staff members, with research
and development personnel accounting for more than 15%
and digital technology professionals comprising 10% of the
workforce. In terms of business scale, the company achieved
revenue of 38 billion RMB in 2023, representing a 12.3%
growth compared to 2022, ranking among China’s top 50
pharmaceutical enterprises. The enterprise owns 20 produc-
tion bases and has established a nationwide sales network,
maintaining long-term partnerships with over 3,000 medical
institutions. The company holds particularly strong market
shares in economically developed regions such as Eastern and
Southern China.

In recent years, the enterprise has continuously increased
investment in research and innovation, obtaining more than
200 patent authorizations, with invention patents accounting
for over 60%. In pharmaceutical distribution operations, the
enterprise has constructed a nationwide modern pharmaceuti-
cal logistics and distribution network, with 30 modern logistics
centers across the country.

The organizational structure has undergone multiple opti-
mizations, forming a matrix management model adapted to
digital transformation requirements. Under the board’s leader-
ship, a Digital Transformation Committee has been established
to coordinate the implementation of the enterprise’s overall
digital strategy. The company has established core business
departments including the Research and Development Center,
Production Operations Center, Marketing Center, and Digital
Technology Center, with efficient coordination mechanisms
between departments. In terms of talent structure, the enter-
prise has built a digital talent team with strong professional
capabilities and innovative awareness through a combination
of internal cultivation and external recruitment.

Regarding corporate culture, the company actively promotes
innovation spirit and digital thinking, creating an organiza-
tional atmosphere supporting digital transformation. In the
performance evaluation system, specific digital transformation-
related assessment indicators have been established, effectively
motivating employee participation in digital construction. Fur-
thermore, the enterprise has established a comprehensive train-
ing system, regularly organizing training in digital technology
application and innovation management to continuously en-
hance employees’ digital literacy and innovation capabilities.

Through examining X Pharmaceutical Group’s development
history, one can clearly observe the enterprise’s strategic layout
and phased achievements in digital transformation. In 2018,
the enterprise launched the “Digital Transformation 2025~
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strategic plan, planning to invest 5 billion RMB over five
years in digital infrastructure construction and technological
transformation. The enterprise has established a comprehen-
sive project management system, adopting agile development
methods to ensure efficient advancement of digital projects.
In technology platform construction, the enterprise has inde-
pendently developed an intelligent supply chain management
system and established strategic partnerships with multiple
technology companies to jointly promote digital technology
innovation applications. Through continuous investment and
accumulation, the enterprise’s digital capabilities have signif-
icantly improved, forming strong competitive advantages in
the industry. Particularly during the pandemic, the enterprise
demonstrated excellent operational resilience by leveraging
its digital platform to achieve rapid supply chain response
and precise allocation. Currently, the enterprise is actively
exploring the application of artificial intelligence, blockchain,
and other new technologies to reserve new momentum for
future development.

B. Main Digital Transformation Initiatives

X Pharmaceutical Group’s digital transformation strategy
implementation centers around three core directions: smart
supply chain construction, marketing digitalization, and oper-
ational intelligence. In smart supply chain construction, the
enterprise invested 1.2 billion RMB to build an intelligent
warehousing system, implementing AGV robots and auto-
matic sorting equipment to achieve automated and intelligent
warehouse operations. Simultaneously, the enterprise devel-
oped a supply chain visualization platform, achieving full-
process tracking and real-time monitoring from raw material
procurement to terminal delivery. In inventory management,
through big data analysis and artificial intelligence algorithms,
the enterprise established intelligent replenishment models,
significantly improving inventory turnover efficiency. Notably,
the enterprise innovatively applied blockchain technology to
the drug traceability system, establishing a supply chain-wide
drug quality tracing system. Furthermore, the enterprise estab-
lished a supplier collaboration platform, achieving information
sharing and business collaboration with upstream suppliers, as
shown in Figure [T]

Fig. 1. Digital Transformation System Architecture of the Company

Digital Transformation System
Smart Supply Chain Digital Marketing Intelligent Operations
Automnated Omni-channel Manutacturing
Warehouse Platform Execution
Supply Chain Customner -
Visbility Analytics Quality Control
Intelligent Digrtal Marketing Business
Replenkshment Tool Intelligence
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In marketing digitalization, the enterprise constructed an
omni-channel marketing platform, integrating online and of-
fline sales channels to provide customers with seamless shop-
ping experiences. Through establishing a customer data middle
platform, the enterprise achieved precise customer profiling
and personalized marketing solution development. The en-
terprise also developed mobile marketing tools, supporting
sales personnel in mobile office work and real-time busi-
ness processing. In data analytics, through establishing sales
forecasting models, the enterprise improved the accuracy of
market predictions and inventory management efficiency. By
integrating various marketing data, the enterprise established a
comprehensive marketing effectiveness evaluation system, pro-
viding data support for marketing decisions. Additionally, the
enterprise introduced an intelligent customer service system,
improving customer service response speed and satisfaction.

In operational intelligence, the enterprise achieved intel-
ligent production process control through deploying Manu-
facturing Execution Systems (MES). The system monitors
and optimizes production plan execution through real-time
production data collection, significantly improving production
efficiency and quality stability. In quality management, the
enterprise established an intelligent quality control system,
achieving full-process product quality monitoring through
sensor networks and image recognition technology. Through
constructing an operational analysis system, the enterprise
achieved real-time analysis and visualization of operational
data, providing strong support for management decision-
making. In management efficiency improvement, the enter-
prise achieved automation of multiple management processes
through process automation tools. Meanwhile, the enterprise
established a unified data governance system, ensuring data
accuracy and consistency.

C. Transformation Effect Assessment

To scientifically evaluate the digital transformation effects
of X Pharmaceutical Group, this research employs Data En-
velopment Analysis (DEA) methodology to construct an eval-
uation model. The model selects digital investment and human
resource input as input indicators, while using operational
efficiency, innovation capability, and business performance
as output indicators, establishing a comprehensive evaluation
system. The specific evaluation model is as follows:

Efficiency Value = X(Output Indicator Weight x Output
Indicator Value) / ¥(Input Indicator Weight x Input Indicator
Value)

Input Variables (X):

o Xj: Digital investment (infrastructure, systems)

¢ X5: Human resource investment (talent acquisition, train-
ing)

Output Variables (Y):

o Y7: Operational efficiency (inventory turnover, order pro-
cessing)

e Y5: Innovation capability (digital patents, R&D invest-
ment)
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e Y3: Business performance (revenue growth, operating
costs)

The mathematical formulation of the DEA model is ex-
pressed as:

min (D)
Subject to:
> Njwi; <bzio (i =1,2) )
j=1
> Ayr =y (r=1,2,3) 3)
J=1
A>0 (j=1,..,n) (4)
Where:

o 0 represents the efficiency score

e x;; denotes the ith input of the jth DMU

e yr; denotes the rth output of the jth DMU

e x;0 and y,o represent inputs and outputs of the DMU
under evaluation

e ), are the intensity variables determining the efficient
frontier

Based on the DEA model analysis results, the enterprise’s digi-
tal transformation efficiency value showed steady improvement
from 2021 to 2023, rising from 0.72 in 2021 to 0.89 in 2023,
indicating significant transformation effects. The following
table |I| shows specific changes in key indicators:

From the perspective of operational efficiency indicators,
the enterprise achieved significant improvements after digital
transformation. The inventory turnover rate increased from 8.2
times/year in 2021 to 11.3 times/year in 2023, order process-
ing time decreased from 24 hours to 8 hours, and delivery
accuracy rate improved to 99.5%. These improvements pri-
marily resulted from the application of intelligent warehousing
systems and supply chain visualization platforms, optimizing
inventory management and delivery processes through digital
means. Particularly during the pandemic, the smart supply
chain system played a crucial role in ensuring timely and
accurate drug supply. Meanwhile, through data analysis to
optimize inventory structure, the enterprise effectively reduced
inventory backlog and improved capital utilization efficiency.

In terms of innovation capability, digital transformation has
stimulated the enterprise’s innovation momentum. The number
of digital patent applications increased annually from 15 in
2021 to 42 in 2023, reflecting the enterprise’s continuous
investment in digital technology innovation. The R&D in-
vestment rate also increased from 3.2% to 5.3%, significantly
exceeding the industry average. Through establishing an inno-
vation management platform, the enterprise optimized its R&D
processes and improved research efficiency. The application
of the innovation project management system made project
progress visible and risks controllable, effectively improving
R&D success rates. Furthermore, through establishing an open
innovation platform, the enterprise strengthened cooperation
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with external innovation resources, forming a positive innova-
tion ecosystem.

Regarding business performance, digital transformation has
brought significant economic benefits to the enterprise. Rev-
enue growth rate continued to rise from 8.5% in 2021 to
12.3% in 2023. Meanwhile, the operating cost rate decreased
from 15.2% to 11.5%, demonstrating the positive impact
of digital transformation on cost control. Through digital
means to optimize business processes, the enterprise achieved
improvements in management efficiency and reductions in
labor costs. Enhanced market response capability also led to
market share expansion and significantly improved customer
satisfaction. Particularly in retail terminals, the application of
the omni-channel marketing platform achieved collaborative
development of online and offline business, creating new
growth points.

IV. CHALLENGES FACING PHARMACEUTICAL GROUP
DIGITAL TRANSFORMATION

A. Technical Barriers

During the digital transformation process, X Pharmaceutical
Group has encountered multiple technical challenges. First,
the integration difficulty of digital infrastructure is substantial,
as the lack of unified planning in early information system
construction created multiple information silos, preventing
effective data sharing and flow between systems. Second,
data quality issues are prominent, including inconsistent data
standards, insufficient data completeness, and data accuracy
requiring improvement. In system integration, the development
and maintenance costs of interfaces between different business
systems are high, affecting real-time data transmission and
processing. Particularly when processing unstructured data,
the capabilities of existing technical platforms appear insuf-
ficient. Additionally, system scalability and compatibility face
challenges, making it difficult to respond quickly to business
innovation demands [23]], as shown in table

In terms of data security, the enterprise faces more severe
challenges. Pharmaceutical industry data is highly sensitive,
involving patient privacy, prescription information, clinical
data, and other sensitive information, placing higher demands
on data security and privacy protection [24f]. During cross-
system data transmission, risks of data leakage and tampering
exist. Meanwhile, with the cloud deployment of business sys-
tems, network security threats are increasing. The enterprise
needs to balance data security while meeting the demands
of data sharing and business innovation. Additionally, data
compliance requirements vary significantly across different
regions, increasing the complexity of data governance. Dur-
ing implementation, the enterprise must also consider data
sovereignty and cross-border data flow issues.

Insufficient technical talent reserves also represent a sig-
nificant factor constraining enterprise digital transformation.
On one hand, the enterprise lacks compound talents who are
proficient in both business and technology, making it difficult
to promote deep integration of technology and business. On
the other hand, high-end technical talents are scarce in the
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TABLE I
KEY INDICATOR CHANGES IN X PHARMACEUTICAL GROUP’S DIGITAL TRANSFORMATION (2021-2023)

Assessment Specific Year

Dimension Indicators 2021 2022 2023
Inventory Turnover (times/year) 8.2 9.5 11.3

Operational Efficiency  Order Processing Time (hours) 24 16 8
Delivery Accuracy Rate (%) 96.5 98.2 995

" ST Digital Patents (items) 15 28 42
Innovation Capability R&D Investment Rate (%) 32 41 53
Business Performance Revenue Growth Rate (%) 8.5 10.2 12.3
T Operating Cost Rate (%) 15.2 13.8 11.5

TABLE 11
MAIN TECHNICAL BARRIERS FACED BY THE COMPANY

Problem Classification Problem Description

Infrastructure Integration  Legacy Systems
Information Silos
Data Standards
Data Accuracy
API Development

Real-time Processing

Data Quality

System Integration

market, with enterprises facing difficulties in talent recruit-
ment and retention. This shortage is particularly prominent in
emerging technology fields such as artificial intelligence and
blockchain. Furthermore, the knowledge structure of existing
technical teams is not updated timely enough to adapt to
rapid technological changes. During project implementation,
technical teams often affect project progress and quality due
to insufficient capabilities. Simultaneously, enterprises face
challenges in talent cultivation and knowledge inheritance, re-
quiring the establishment of more effective talent development
mechanisms [25]).

B. Organizational Management Dilemmas

Organizational change is one of the key factors for suc-
cessful digital transformation, and X Pharmaceutical Group
faces multiple challenges in this aspect. First is the resis-
tance to organizational structure adjustment, where traditional
functional organizational structures struggle to adapt to dig-
ital transformation requirements, but when promoting matrix
organizational change, there are issues of departmental con-
flicts and unclear responsibility division. Second is the low
efficiency of cross-departmental collaboration, where digital
projects often require coordination among multiple depart-
ments, but due to lack of effective coordination mechanisms,
project progress is slow. Middle managers have insufficient
understanding of digital transformation, showing tendencies
to stick to traditional management methods. At the execution
level, information barriers and work habit differences between
departments also affect collaboration effectiveness. Addition-
ally, performance evaluation and incentive mechanisms are not
effectively complementary, affecting employees’ enthusiasm
for participating in digital transformation [26].

Enterprise organizational culture transformation also faces
major challenges. Traditional pharmaceutical enterprises gen-
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erally exhibit conservative and steady cultural characteristics,
with employees showing resistance to digital changes. Dur-
ing the digital transformation process, there is an obvious
gap between enterprise culture and digital requirements. The
lack of innovation awareness and risk-taking ability makes it
difficult to implement many digital innovation projects. Em-
ployees show low acceptance of new technologies and tools,
with slow learning and adaptation processes to new systems.
Particularly among frontline employees, there is insufficient
recognition of the necessity for digital transformation, with
strong inertial thinking. Meanwhile, digital literacy differences
between generational employees also bring new challenges to
organizational management [27]], as shown in table

TABLE III
ANALYSIS OF ORGANIZATIONAL MANAGEMENT DILEMMAS

Problem Classification Problem Description

Structure Reform Department Conflicts
Coordination Issues
Innovation Resistance
Digital Literacy Gap
KPI System

Incentive Mechanism

Cultural Change

Performance Management

The imperfection of change management mechanisms rep-
resents another prominent issue. The enterprise lacks a system-
atic change management methodology, often adopting a simple
top-down approach to digital transformation implementation.
During project implementation, insufficient consideration is
given to various stakeholders’ demands, leading to increased
resistance to change. Meanwhile, communication mechanisms
during the transformation process are inadequate, with em-
ployees lacking clear understanding of transformation goals
and pathways. Furthermore, the enterprise has not established
effective risk warning and response mechanisms, often unable
to adjust strategies timely when encountering transformation
resistance. The insufficient demonstration and incentivization
of phased transformation achievements affects employee par-
ticipation enthusiasm. Particularly when encountering transfor-
mation bottlenecks, there is a lack of effective problem-solving
mechanisms and continuous improvement plans [28]].
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C. Talent Resource Bottlenecks

The talent resource bottleneck issue is particularly promi-
nent in pharmaceutical enterprises’ digital transformation pro-
cess. As shown in Table [[V] X Pharmaceutical Group exhibits
obvious imbalances in talent structure. While traditional phar-
maceutical professional talent reserves are sufficient, there is
a severe shortage of digital technology domain professional
talents. This shortage is particularly acute in emerging technol-
ogy fields such as big data analysis, artificial intelligence, and
cloud computing. Examining the existing employee workforce,
the age structure is relatively older, with generally low learning
ability and acceptance of new technologies. Furthermore, there
is a scarcity of cross-domain compound talents within the
enterprise, with professionals who understand both pharma-
ceutical specialties and digital technology being particularly
rare. In terms of talent cultivation, the enterprise has not yet
established a systematic digital talent development system, re-
sulting in talent supply failing to meet transformation demands
[29].

Talent development and advancement mechanisms also face
numerous challenges. The enterprise’s existing training sys-
tem primarily revolves around traditional business operations,
with insufficient investment in digital skills training. Train-
ing content is often overly theoretical, lacking practicality
and specificity, making it difficult to meet actual work re-
quirements. Employees lack effective guidance and feedback
mechanisms during skill enhancement processes, making it
challenging to guarantee learning effectiveness. The existing
career development paths are not sufficiently refined, with
unclear advancement pathways for digital positions, affecting
employees’ career development expectations. Within the as-
sessment and evaluation system, digital capability assessment
indicators are not sufficiently scientific, making it difficult to
accurately reflect employees’ actual contributions and growth.
Simultaneously, the enterprise lacks innovation in talent incen-
tives, making it challenging to effectively stimulate employees’
learning enthusiasm.

The stability of the talent team is another concern worthy of
attention. Against the backdrop of intensifying competition in
the digital talent market, enterprises face risks of talent loss.
A significant gap exists between high-end technical talents’
salary expectations and the enterprise’s existing compensation
system, affecting talent recruitment and retention. Meanwhile,
cultural differences between enterprise culture and young tech-
nical talents’ value pursuits also present a generational gap,
becoming one of the challenges in talent management. During
project implementation, the loss of core technical talents often
leads to project delays and quality fluctuations. Furthermore,
the enterprise’s mechanisms for knowledge management and
experience inheritance are not sufficiently refined, and the
knowledge loss problem caused by talent mobility also re-
quires attention [30].

D. Data Security Risks

Data security risks in pharmaceutical enterprises possess
unique characteristics and complexity. As an industry crucial
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to national welfare and people’s livelihood, pharmaceutical
enterprise data security concerns not only the enterprise’s
commercial interests but also involves public health safety
and the stability of national healthcare systems. As shown in
Table [V] in X Pharmaceutical Group’s digital transformation
process, data security risks primarily manifest in multiple
aspects including data leakage, data integrity compromise, and
system availability threats. These challenges are particularly
severe when handling sensitive information such as patient
information, prescription data, and clinical trial data. With
the continuous expansion of business systems and sustained
growth in data scale, traditional security protection measures
can no longer adequately address new security threats. Mean-
while, cross-system and cross-departmental data sharing and
business collaboration also bring new security vulnerabilities
[31].

In terms of data compliance, enterprises face multiple
pressures. Data compliance requirements in the pharmaceutical
industry continue to increase, with various laws and regu-
lations imposing strict standards on data collection, storage,
usage, and transmission. Enterprises must strictly comply with
data protection regulations while ensuring business innovation.
The differences in data protection regulations across regions
also present compliance challenges for cross-regional business
operations. Simultaneously, as data asset value increases, en-
terprises must continuously increase investment in data asset
management and protection. In collaborations with external
institutions, data sharing boundary delineation and responsi-
bility determination have become crucial issues. Particularly in
cloud service applications, data sovereignty and cross-border
data flow compliance requirements present new challenges for
enterprises. Additionally, employees’ data security awareness
and operational compliance directly affect overall data security
levels [32].

Data security technology and management system con-
struction still require improvement. The enterprise’s existing
security protection system primarily focuses on traditional net-
work security domains, with insufficient defense capabilities
against new types of data security threats. The implementation
of basic security measures such as data encryption, access
control, and security auditing is not yet comprehensive. When
facing complex attacks such as Advanced Persistent Threats
(APT), detection and response capabilities are notably insuffi-
cient. Data security incident emergency response mechanisms
also need further optimization, particularly in areas such
as incident grading, response processes, and recovery plans.
Meanwhile, enterprise investment in security talent cultivation
and technical reserves remains relatively insufficient, making
it difficult to support increasingly complex security protection
requirements. Particularly in assessing and protecting against
security risks brought by new technology applications, the
enterprise’s technical capabilities and experience need further
enhancement.
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TABLE IV
ANALYSIS OF X PHARMACEUTICAL GROUP’S TALENT STRUCTURE STATUS

Talent Category Proportion(%)

Age Structure

Skill Level Development Needs

Traditional Pharmaceutical 65 Mainly 40-50 Strong Professional Digital Skill
Talents years old Skills Enhancement
Digital Technology 20 Mainly 25-35 Good Technical Industry Knowledge
Talents years old Foundation Enhancement
Compound 15 Mainly 35-45  Strong Cross-domain Deep Integration
Talents years old Capabilities Enhancement
TABLE V Through establishing technology innovation laboratories, pilot

DATA SECURITY RISK ANALYSIS

Risk Type Risk Description

Data Leakage Privacy Breach
Unauthorized Access
Data Tampering
Data Loss

System Attack

Service Disruption

Data Integrity

System Availability

V. OPTIMIZATION PATHWAYS FOR PHARMACEUTICAL
ENTERPRISE DIGITAL TRANSFORMATION

A. Improving Digital Infrastructure

The improvement of digital infrastructure represents a key
element supporting enterprise digital transformation. X Phar-
maceutical Group should construct a unified digital foundation
platform guided by business requirements, focusing on resolv-
ing system integration and data interconnection issues. In tech-
nical architecture design, microservice architecture should be
adopted to enhance system flexibility and scalability. Through
establishing a unified data middle platform, centralized data
management and efficient utilization can be achieved. Mean-
while, cloud computing infrastructure construction should be
strengthened to enhance system processing capability and
operational stability. Additionally, a comprehensive API man-
agement system needs to be established to promote efficient
integration and business collaboration between systems.

In data infrastructure construction, emphasis should be
placed on strengthening data governance capabilities. First,
unified data standards and management specifications must be
established to ensure continuous improvement in data quality.
Through implementing Master Data Management (MDM)
projects, data inconsistency issues can be resolved. Data qual-
ity monitoring mechanisms should be established to detect data
anomalies in real-time and process them promptly. Meanwhile,
metadata management should be strengthened to establish
a complete data asset catalog. Particularly when processing
unstructured data, advanced data processing technologies need
to be introduced to enhance data usability and value. Further-
more, comprehensive data lifecycle management mechanisms
should be established to achieve full-process data control [|33]].

In terms of technology innovation, enterprises need to con-
tinuously track and evaluate the application value of emerging
technologies. Special attention should be paid to the innovative
applications of artificial intelligence, blockchain, Internet of
Things, and other technologies in the pharmaceutical industry.
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testing and verification of new technologies can be conducted.
Meanwhile, emphasis should be placed on the practicality and
economics of technology applications, avoiding blind pursuit
of new technologies. In technology solution selection, both
current demands and future expansion should be considered.
Additionally, technology evaluation and introduction mecha-
nisms need to be established to ensure effective implementa-
tion of new technologies.

B. Optimizing Organizational Structure Design

Organizational structure optimization serves as a crucial
guarantee for driving digital transformation. X Pharmaceutical
Group needs to break through traditional functional organiza-
tional structures and establish a more flexible matrix organi-
zational model. In organizational structure adjustment, first,
the organizational subject of digital transformation must be
clearly defined, establishing a dedicated digital transformation
leadership team responsible for strategic planning and major
decision-making. Meanwhile, cross-departmental project coor-
dination mechanisms should be established to ensure effective
cooperation among various departments in digital projects.
Furthermore, an agile project management system needs to
be established to enhance the organization’s responsiveness to
market changes. In responsibility allocation, clear authority
and responsibility must be achieved, avoiding management
vacuums or responsibility overlaps.

In terms of management mechanisms, new management
models adapted to digital transformation need to be es-
tablished. Through optimizing decision-making processes,
decision-making efficiency and accuracy can be improved.
Establishing flat communication mechanisms promotes rapid
information transmission and sharing. Scientific assessment
and incentive mechanisms should be designed, integrating
digital transformation objectives with employee performance
evaluation. Special attention should be paid to assessing cross-
departmental collaboration effects, establishing effective co-
ordination and conflict resolution mechanisms. Meanwhile,
emphasis should be placed on cultivating employees’ digital
thinking and creating an organization atmosphere that supports
innovation [34].

Change management represents a key link in organizational
optimization. Enterprises must formulate systematic change
management plans to ensure smooth progression of organi-
zational changes. Through effective communication strategies,
employees can be helped to understand and accept changes.
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Establishing milestone plans for change advancement allows
regular assessment of change effects and timely adjustments.
Change management teams should be set up to identify and
resolve resistance encountered during the change process.
Meanwhile, importance

C. Strengthening Digital Talent Development

The construction of a digital talent development system
requires systematic and long-term planning. X Pharmaceutical
Group should establish multi-level talent development mecha-
nisms, formulating differentiated training plans for employees
at different positions and levels. In training content design,
digital technology knowledge should be organically integrated
with pharmaceutical industry professional knowledge, empha-
sizing practicality and applicability. Through establishing an
internal instructor team, training courses meeting actual enter-
prise needs can be developed. Meanwhile, training effective-
ness evaluation mechanisms should be established to ensure
the efficiency of training investments. Furthermore, a com-
plete knowledge management system needs to be constructed
to promote knowledge accumulation and sharing within the
enterprise.

Career development pathway design needs to be more
diversified. Enterprises should establish parallel career de-
velopment tracks for both technical professionals and man-
agement sequences, providing suitable development space for
different types of talent. In promotion criteria design, digital
capability requirements should be fully considered, incorpo-
rating technical innovation capability and project practical
experience into the assessment system. Regular talent review
mechanisms should be established to identify and cultivate
high-potential talent. Meanwhile, cooperation with universities
and research institutions should be strengthened to establish
industry-academia-research talent development bases. Special
attention should be paid to cultivating young talent, accelerat-
ing talent growth through methods such as mentoring systems.

Innovation in talent incentive mechanisms is equally impor-
tant. Enterprises need to establish incentive systems adapted
to digital transformation, combining short-term and long-
term incentives. Through various methods such as project
bonuses and technical innovation rewards, employees’ innova-
tion enthusiasm can be stimulated. Establishing fair and just
performance evaluation systems allows accurate assessment of
employee contributions to digital transformation. Meanwhile,
attention should be paid to employees’ career development
needs, providing sufficient learning and growth opportunities.
Additionally, a positive work environment should be created
to enhance employees’ sense of belonging and identification
[36].

D. Building Data Governance System

The construction of a data governance system serves as the
cornerstone of successful digital transformation. X Pharma-
ceutical Group needs to establish a comprehensive data gover-
nance framework, clearly defining the organizational structure
and responsibility allocation for data management. Regarding
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data standardization, unified standards for data collection,
processing, and storage must be formulated to ensure data
consistency and usability. Through establishing data quality
management mechanisms, quality control throughout the entire
data lifecycle can be achieved. Meanwhile, a data governance
committee should be established, responsible for overall en-
terprise data strategy planning and major decision-making.
Furthermore, a data asset catalog needs to be established to
achieve effective management and value assessment of data
assets.

Regarding data application, enterprises need to establish
comprehensive data sharing and usage mechanisms. First, a
clear data access permission system must be established to
ensure data usage security and compliance. Building a data
service platform provides convenient data access interfaces
for various business departments. Through the application of
data analysis tools, the capability for data value extraction can
be enhanced. During data sharing processes, special attention
must be paid to privacy protection and compliance require-
ments. Meanwhile, data usage monitoring mechanisms should
be established to promptly identify and address issues in data
usage [37].

Data security protection requires the establishment of multi-
layered protection mechanisms. At the technical level, robust
access control and encryption measures must be implemented
to ensure secure data storage and transmission. Establishing
security audit mechanisms allows full-process recording and
monitoring of data operations. Data backup and recovery
mechanisms should be set up to enhance system disaster
recovery capabilities. At the management level, comprehensive
data security management systems must be formulated, clearly
defining security responsibilities for all parties. Meanwhile,
employee security awareness training should be strengthened
to cultivate good data security usage habits.

VI. CONCLUSIONS AND OUTLOOK
A. Research Conclusions

Through in-depth research on X Pharmaceutical Group’s
digital transformation practices, this paper draws several main
conclusions as shown Table First, regarding transformation
effects, the enterprise has achieved significant improvements in
operational efficiency, innovation capability, and business per-
formance through systematic transformation measures. Data
shows that the enterprise’s inventory turnover rate increased
by 37.8%, order processing time decreased by 66.7%, while
revenue growth rate maintained an upward trend. Particularly
during the pandemic, the enhancement of digital capabili-
ties demonstrated strong operational resilience. Through the
construction of a smart supply chain system, the enterprise
achieved supply chain visualization management and precise
allocation, significantly improving market response capability
and service quality. Regarding transformation pathways, the
enterprise adopted a strategy of coordinated advancement
in “technology + business + operations,” achieving posi-
tive results. At the technical level, through constructing a
unified digital platform, the issue of system fragmentation
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was resolved; at the business level, through process reengi-
neering and model innovation, digital upgrading of business
operations was achieved; at the organizational level, through
establishing a matrix organizational structure, organizational
coordination efficiency was enhanced. Research finds that this
multi-dimensional coordinated transformation pathway can
effectively balance various demands during transformation,
ensuring the achievement of transformation objectives. Mean-
while, through establishing comprehensive change manage-
ment mechanisms, the enterprise effectively reduced resistance
during transformation.

Regarding challenges faced, research reveals that digital
transformation is a systematic project requiring overcome
of obstacles in technology, organization, talent, and other
aspects. First is the significant difficulty in integrating tech-
nical infrastructure, requiring substantial resource investment;
second is the considerable resistance to organizational change,
requiring establishment of effective coordination mechanisms;
third is insufficient talent reserves, particularly the scarcity
of compound talents constraining transformation progress.
Additionally, data security risks also represent issues requiring
high attention from enterprises, necessitating establishment
of comprehensive protection systems. The existence of these
challenges requires enterprises to adopt more systematic and
prudent approaches when advancing digital transformation.

TABLE VI
MAIN DIGITAL TRANSFORMATION ACHIEVEMENT STATISTICS

Dimension Indicator Improvement(%)
Operational Inventory Turnover +37.8
Efficiency Order Processing Time -66.7
Delivery Accuracy +3.1
Innovation Digital Patent Growth +180
Capability R&D Investment Rate +65.6
Business Revenue Growth Rate +44.7
Performance Operating Cost Rate -24.3

B. Practical Implications

Based on the study of X Pharmaceutical Group’s digi-
tal transformation, several implications can be provided for
pharmaceutical enterprises’ digital transformation practices.
First, enterprise digital transformation requires a systematic
approach, necessitating overall planning and deployment from
a strategic height. During transformation, attention must be
paid to deep integration of technology application and business
innovation, avoiding tendencies to emphasize technology over
business. Meanwhile, the key role of organizational change in
transformation must be fully recognized, establishing organi-
zational systems adapted to digital requirements. Particularly
during project implementation, comprehensive communication
and coordination mechanisms must be established to ensure
effective cooperation among all aspects. Additionally, attention
must be paid to risk management, establishing effective risk
prevention and control systems.
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Regarding implementation pathways, a phased progres-
sion strategy is recommended. The first phase should focus
on improving digital infrastructure construction, laying the
technical foundation for transformation; the second phase
should concentrate on business process optimization and re-
construction, achieving business model innovation; the third
phase should emphasize organizational change and cultural
reshaping, consolidating transformation achievements. During
implementation, special attention must be paid to setting and
evaluating phase objectives, adjusting advancement strategies
as appropriate. Meanwhile, demonstration projects should be
established, driving overall transformation through promotion
of typical cases. Through establishing comprehensive project
management mechanisms, orderly advancement of various
tasks can be ensured.

Talent strategy plays a decisive role in digital transfor-
mation. Enterprises should establish long-term talent devel-
opment mechanisms, building digital talent teams through a
combination of internal cultivation and external recruitment.
During talent development, special attention should be paid to
cultivating compound talents, strengthening cross-training in
business and technology. Scientific talent evaluation and incen-
tive mechanisms should be established to stimulate employee
enthusiasm for participating in digital transformation. Mean-
while, a positive innovation atmosphere should be created,
encouraging employees to learn and grow through practice.
Comprehensive knowledge management systems should be
established to promote experience accumulation and sharing.

The enhancement of data governance capability represents
a key factor for transformation success. Enterprises need
to establish complete data governance frameworks, clearly
defining data management responsibility systems and working
mechanisms. Regarding data application, attention should be
paid to data quality management and value extraction, achiev-
ing scientific and precise decision-making through data-driven
approaches. Data sharing mechanisms should be established
to break down data silos and achieve efficient utilization of
data resources. Meanwhile, high importance should be placed
on data security, establishing multi-layered data protection
systems. Particularly when handling sensitive data, strict com-
pliance with relevant laws, regulations, and industry standards
must be maintained. Additionally, data asset evaluation mech-
anisms should be established to achieve effective management
of data assets.

C. Research Outlook

Although this study has conducted a systematic inves-
tigation of pharmaceutical enterprise digital transformation,
several directions remain for further in-depth research. First,
regarding research scope, current research primarily relies on
single enterprise case analysis. Future studies could expand
the research sample to conduct broader comparative research.
Through studying pharmaceutical enterprises of different types
and scales, more universally applicable transformation patterns
could be summarized. Meanwhile, international comparative
research could be strengthened to learn from advanced for-
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eign enterprises’ transformation experiences. Additionally, the
research perspective could be extended to the entire phar-
maceutical industry chain, exploring the impact of digital
transformation on industrial ecosystem development.

Regarding research methodology, more diversified ap-
proaches could be adopted in future studies. In quantitative
research, more comprehensive evaluation indicator systems
could be constructed, developing assessment models for digital
transformation effectiveness. Through big data analysis tech-
nology, key influencing factors in the transformation process
could be deeply explored. Attempts could be made to introduce
new technological means such as artificial intelligence to
enhance research depth and breadth. Meanwhile, longitudinal
research could be strengthened, studying digital transformation
evolution patterns through long-term tracking observation. Par-
ticularly in effectiveness evaluation, more scientific evaluation
methods need to be established.

Research on future pharmaceutical industry digital devel-
opment trends also needs strengthening. With the rapid de-
velopment of new generation information technology, phar-
maceutical enterprises’ digital transformation will face new
opportunities and challenges. Future research could focus on
innovative applications of artificial intelligence, blockchain,
Internet of Things, and other new technologies in the pharma-
ceutical industry. Meanwhile, research should examine digital
transformation’s impact on pharmaceutical industry patterns,
predicting new industry development trends. In policy re-
search, exploration is needed on how to guide pharmaceutical
enterprise digital transformation through policy mechanisms.
Additionally, attention should be paid to digital transforma-
tion’s innovative impact on medical service models, studying
how digitalization can enhance medical service accessibility
and quality. Particularly in the post-pandemic era, research
on the development of new models such as telemedicine and
smart pharmaceuticals holds significant importance.
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