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Abstract

This paper presents a literature synthesis of world-class Al innovation, big-data innovation, and

biotech innovation efforts that seek to enhance Al-assisted predictions for personal or precision
biomedicines. This paper uses a technique for a qualitative-quantitative literature synthesis for developing a so-
called Al bio-Innovation (AIBI), which proposes a literature synthesis of state-of-the-art works on Al innovation
for predicting chronic diseases and Al applications for antibiotic resistances, while incorporating big-data models
for innovations. This paper asserts that Al applications would provoke a minimum of 40% improvement for Al-
related applications to enhance Al-assisted drug innovation development. This paper asserts that Al can aid
predictions with a precision accuracy of 93% for predictions of heart-related diseases; a minimum of 25%
improvement of Al-related innovations for antibiotic resistances; and presents Al as a scientific catalyst for
healthcare sustainability that continues to advance with Al-assisted precision medicines.
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Introduction

Biomedical innovation has entered a state of
paradigm shift with artificial intelligence (Al) and big
data analysis identifying a new tempo and a new
accuracy of scientific  discovery. Traditional
biomedical science, which was anchored to linear
experiments with a fixed level of analysis of data, has
entered a paradigm of a multi-dimensional intelligent
system with the help of Al analysis and big data
analysis that operate in a state of instant analysis and
autonomous modeling that cuts across disciplines for
fusing analysis of data as suggested by Manik et al.,
2018 and Miah et al., 2019. With a sudden surge of
availability with ‘deep learning’ algorithms and a
marked advancement with a boost of computation
power for Al algorithms, Al algorithms display a
facility that goes beyond merely analyzing data that
encompasses hypothesis  formulation, disease
outcome predictions, and a marked ability to develop
a new ‘molecular compound’ at short notice for Al

algorithms. With a marked shift from a ‘hypothesis
driven’ scientific procedure to a ‘data-driven
scientific view,” Al algorithms are reaching out
towards international possibilities for precision
medications for global healthcare goals as suggested
by various supporters for Al algorithms. Various Al
algorithms for modeling simulations that encompass
a ‘generational adversarial neural network,” works of
a ‘Convolution-Reurrent neural network,” and
‘machine learning classifier algorithms’ display key
characteristics for a successful instruction of a ‘highly
complex biological system’ as presented by Al
algorithms for disease modeling presented by Manik
et al,, as presented in 2020 with further continued
successes by Manik et al., 2021.

Biomedical information since the last decade has
been rising with an exponential trend that
encompasses multi-omics  information,  clinical
images, electronic medical records, as well as
wearable technology; this poses a unique learning
task with a name known as a data deluge (Manik,
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2021). This learning task needs a solution that can
perform learning, computation, and prediction with
awareness of context.

This set of works compiled here addresses the
acute need for innovation driven by data insights by
substantiating Al analytics applications to biomedical
innovation domains. On drug discovery applications
by generative Al (Manik et al., 2018), quantitative
models for drug compound synthesis and discovery
overwhelmingly short-circuited the time-consuming
drug discovery pipeline by employing deep
generative learning algorithms and big-data analytics
for optimization. On applications of wearable Al for
cardiovascular healthcare (Miah et al., 2019), Al-
powered CNN-LSTM hybrid learning enabled
continuous point-of-care predictive modeling for
instantaneous diagnosis of irregular heartbeats by
demonstrating the revolutionary efficacy of
biosignals analytics at a continuous, real-time scale
for heart healthcare. Big-data analytics for
antibacterial drug discovery applications (Manik et al.,
2020) provided cutting-edge global single-source
AMR big-data management by employing global
machine learning algorithms to reveal a defense
strategy at the forefront for emerging bacterial
threats. Biotech-innovation strategy applications by
Al analytics (Manik, 2020) further demonstrated
marked innovation boosts for global pharmaceutical
industry performance by developing a competitive
platform of Al analytics for global drug industry
performance by employing Al analytics with Business
Intelligence for pharmaceutical innovation. Big-data
analytics for neurosurgical disease diagnosis by
multi-omics innovation (Manik, 2021) provided Al-
assisted analytics for higher accuracy on PD surgery
by developing accuracy for surgery by employing
Big-omics  datasets of proteomics-genomics-
neuroimage analysis algorithms for innovation by Al
analytics. Final applications of Al analytics for
prediction of chronic disease management (Manik et
al., 2021) further enabled Al-assisted machine
learning for personalized diagnosis by employing
innovative Al machine learning algorithms for
healthcare innovation by Al analytics for precision
healthcare innovation.

However, both of these works have a common
methodology that uses Al-powered predictive
modeling. Taken together, both works represent the
way in which Al can help us go beyond the limits of
discipline to build a unified ecosystem for biomedical
science. However, the landscape of combined
implications of both works remains unexplored.
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Therefore, with the hope of addressing the
existing gap, this paper proposes that there should be
an Al-Bio Innovation Framework (AIBF), which
should incorporate a scalable architecture that can
integrate disciplines of Al. The AIBF should highlight
translating from molecule data production to
healthcare decision-making with a strong focus on
interpretability and replicability of Al

Literature Review

The recent application of artificial intelligence that
unfolded in biomedical innovation during the period
of 2018-2021 can be termed a milestone in recent
healthcare research. The primary literature by Manik
et al. constructs the relationship of artificial
intelligence with big data and biotechnology to
achieve a paradigm shift in healthcare decision-
making.

This next part of the analysis will explore the
explorations of Manik et al. conducted on the key
areas of Al Biomedical Innovation into six principal
themes.

Generative Al and Big Data in Drug
Discovery

A study published in 2018 entitled “The Future of
Drug Discovery — Applying Generative Al and Big
Data Analytics for Fast-tracking Pharmaceutical
Innovations” was one of the first uses of generative
modeling for drug discovery. By utilizing GANs and
Bayesian optimization techniques, the researchers
developed an artificial intelligence system that was
capable of designing and assessing molecular
compounds by itself for a specific target. This system
of theirs combined molecular libraries, clinical trial
libraries, and pharmacokinetics to obtain candidate
molecules that have higher efficiency and higher
bioavailability. This big data analytics model achieved
40% less R&D than that of standard methods with
exemplary predictive performance (AUC = 0.88;
Precision = 0.91). A key facilitating factor for the rapid
innovation of molecules was highlighted to be
diversity of the dataset and ability to scale algorithms.
Based on the simulation of molecules by deep
generative algorithms, it formed a basis for Al-
assisted chemical designing and the validation of
clinical trials by computer simulations. A key point to
note here was that Manik et al. (2018) explained that
by Al technology, a paradigm of creativity by
algorithms was generated to bridge the difference
between computational and experimental chemistry.

Global Pharmaceutical Studies Review (GPSR)
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Wearable Health Data and Deep Learning
for Cardiovascular Monitoring

Implementing the predictive models embodied by
artificial intelligence, Miah et al. (2019) furthered
machine learning algorithms to the realm of wearable
healthcare technology. On this note, with the title of
‘Harnessing Wearable Health Data and Deep Learning
Algorithms for Real-Time Cardiovascular Disease
Monitoring and Prevention,” Miah et al. made a
comprehensive CNN-LSTM solution for the real-time
monitoring of one’s cardiac system. In this context,
to achieve their goal of developing a wearable
healthcare technology for real-time predictions of
cardiac irregularities, physiological parameters such
as electrocardiogram (ECG), photoplethysmography
(PPG), and accelerometer signals have been studied.
At an accuracy of 93%, with a value of 0.90 for
‘recalls,’ it claimed a remarkable clinical utilization of
artificial  intelligence’s  probability —stream  for
preventing active diseases. In addition to that, it
covered the concept of edge Al that enabled a cell
phone-level computation for an instant solution
without burdening the cloud system’s loads. This
indeed further promoted the decentralized system
that paved the way for the early detection of
irregularities of arrhythmia, hypertension, and stress-
related cardiac incidence. In this context, Liu et al.
(2019) made a paradigm shift towards democratizing
big healthcare analysis for patient-centric preventive
healthcare at a continuously monitoring level using
wearable smart healthcare technology.

Predictive Big Data Models for Antibiotic
Resistance

In the study, “The Role of Big Data in Combatting
Antibiotic Resistance: Predictive Models for Global
Surveillance,” Manik et al. (2020) focused on one of
the largest problems globally: antimicrobial resistance
(AMR). Ensemble learning techniques including
Random Forest (RF), XGBoosting, as well as SVM
techniques, for developing predictive models that can
identify newly emerging resistant bacterial strains
using their genomic metadata have been discussed.
This study has successfully implemented global AMR
datasets, including pathogen genomics and epidemic
patterns, explaining the efficiency of artificial
intelligence for improving global AMR surveillance on
a timely basis. The predictive models developed and
validated provided better results than statistics with
Fl/sensitivity metrics of 0.89/0.87 compared to
conventional predictive modeling techniques. This
study relies on Al as a key and efficient tool for global
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antimicrobial surveillance, with a main focus on a
global level where a global AI-AMR information
stream should exist. This study enabled biomedical
informatics to evolve into a predictive subfield of
epidemiology and explained Al as a powerful and
efficient tool for global health intelligence.

Strategic Integration of Biotechnology and
Al for Competitive Advantage

Manuscript Title: Biotech-Driven Innovation in Drug
Discovery: Strategic Models for Competitive
Advantage in the Global Pharmaceutical Market was
published by Manik in 2020. This publication
demonstrated  various strategic management
practices with Al, incorporating existing literature for
comprehensive knowledge of biomedical applications
of AL Unlike existing Al models for specific
technology, this manuscript covered themes of
Business Intelligence with the potency of Al decisions
as a key area of innovation for the management of
biotech firms. This manuscript introduced a
Knowledge-Craph concept for analyzing innovation
with a paradigm between Patent graphs, Funding
graphs, and RA&D innovation. This manuscript
validated that companies with Al-infused R&D
portfolios showed a 25-30% efficiency improvement
for innovation, with the ability to better counter
competition. This manuscript indicated a relation
between innovation by technology and strategy at
the organizational level, with a focus on indicating a
complementary strategy that infuses Al power with
Intellectual Property Strategies, Management of
Human Capital, and Ethics Management. This was the
first submission where Al was introduced not only as
a machine but with a broader concept of Al's power
as an innovation force for the management of Biotech
Business Organizations.

Multi-Omics and Predictive Al Models for
Parkinson’s Neuros

Scaling up from strategy to implementation at a
clinical level, Manik (2021), in his study entitled
"Multi-Omics System Based on Predictive Analysis
with Al-Driven Models for Parkinson’s Disease (PD)
Neurosurgery," successfully developed a multi-omics
system for incorporating the analysis of genomics,
proteomics, and neuroimaging for the better
decision-making of neurosurgical procedures.
Manik’s Al-driven system made effective use of
machine learning classifiers and algorithms for
selecting distinctive features to develop patient
predictions for surgical procedures as well as for



responses. In the study of Menik’s multi-omics
system, there was a valid integration for the accurate
identification of Parkinson’s Disease progression and
neurodegenerative dynamics biomarkers. Manik’s Al-
driven system works as a representation of a new age
of Al-driven precision, with Al-driven decisions being
promoted by the power of algorithms that range from
a molecular level to a clinical level.

Al-Powered Predictive Analytics for Chronic
Diseases

“Leveraging Al-Powered Predictive Analytics for
Early Detection of Chronic Diseases: A Data-Driven
Approach to Personalized Medicine,” of 2021 signifies
the fruition of this study thread. This study combined
diverse types of data, including that of wearable,
clinical, and genomic to create predictive analytics for
the early detection of diverse chronic illnesses like
diabetes, hypertension, or cardiovascular disease.
With the aid of gradient boost or hybrid deep learning
algorithms, it was feasible to enhance the accuracy of
early disease diagnosis by a margin of 20-30% with
a simultaneous improvement of 35-40% towards
reducing analysis latency relative to current
algorithms. This study was able to prove that Al can
indeed span the divide between preventive analytics
and personalized medication as a totality concerning
healthcare. Maybe it was this specific study that made
us recognize that perhaps its greatest importance lies
with the stress upon the concept of “Explainable Al"
or "XAI' being its greatest importance. This
underscores that its predictive analytics necessarily
need to integrate transparency for better clinical
interpretability. This study was able to enhance
trustworthy Al with human design perspectives
incorporating analytics.

Cross Study

Within these six studies, a particular pattern of
crossover issues emerges that, when aggregated,
outlines the innovative landscape of biomedicine that
evolves as a consequence of Al aid. Integration and
fusion of data are highlighted at opposite ends of this
innovation landscape that stresses the need for
machine intelligence to enable a holistic view at a
microscopic as well as a macroscopic level of genomic
expression levels of molecules from wearable
healthcare to imaging studies. Furthermore, a disease
prevention paradigm of disease modeling and disease
predictive modeling stresses that machine learning
algorithms made possible by Al aid enable the
identification of a disease at an early stage of disease
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development, to disease risk analysis, to decision-
making optimization enabled by Al aid that ultimately
culminates in the shift from Reactivity to Precision
Medicine’s Proactivity. On a slightly more moral level
of understanding, there’s the stress on it being a
‘success factor concerning governance or
transparency or competitiveness that necessarily
needs to form a prerequisite for embarking upon a
globally more sustainable future that’s made possible
by Al aid ex- as well as including clinical context.” And
finally, this concept of ‘Translational Intelligence’
perfectly defines machine intelligence-enabled Al aid
with a view to making a lab, a clinic, and a political
access point to leverage a permanent feedback
system that fosters machine intelligence-driven Al
capabilities for learning as well as executing.

Methodology
Research Design and Rationale

Regarding its methodology, this study uses a
qualitative-quantitative meta-synthesis approach that
successfully combined not only two methodologies
but also their respective results of six classical articles
published for literature reviews during the period of
2018-2021 related to the current study’s context,
named Manik et al. (2018), Miah et al. (2019), Manik
et al. (2020), Manik (2020), Manik (2021), and Manik
et al. (2021). This study proposes a full analysis
framework  named  Artificial  Intelligence-Bio
Innovation Framework or AIBF that successfully
implemented Al for generating their Wearable Deep
Learning Processor, Big Data Epidemiology, Biotech
Strategies, and Multi-Omics Platform. This study’s
meta-synthesis was carried out under a structured
methodology presented by Whittemore & Knafl’'s
study for 2005, structured according to a systematic
analysis presented by Kitchenham et al. for 2020.
Like a multiple case study method for Yin (2018), this
study also considers the study results of each of the
six individual researchers as separate cases, to which
pattern recognition was made to spot some general
common points by Triangulation, as well as
Conceptual generalization. This method not only
gave a scientific concept valid for experimentation as
indicated by the quantitative outcome sets presented
to viewers upon conducting the method, but also
provided a complete specificity with system and
strategy perspectives altogether. This method stated
that there are two primary important questions to be
answered:

1. How do Al and big data analytics help to expedite
innovation?

Global Pharmaceutical Studies Review (GPSR)
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2. What kind of architecture could combine
pharmaceutical development, tracking, and predictive
healthcare as a unit or a whole through a single entity
or architecture?

Data Sources and Analytical Dimensions

These synthesis datasets were drawn from an
intertwined fabric of biomedical informatics layers,
each represented among the six grounding studies,
with each channel bringing a distinct dimension to the
unifying analytic framework. Molecular datasets
drawn from compound libraries, docking simulation,
and clinical trial datasets (Manik et al., 2018) formed
the backbone for Al-assisted drug discovery and
molecular design. Data streams from wearable
biosensors, with coverage for ECG, PPG,
accelerometer, and biometric time-series records
(Miah et al., 2019), facilitated real-time tracking with
deep-learning-based cardiovascular analysis.
Genomic and epidemiological records, with AMR
strain  datasets and international infection
benchmarks (Manik et al., 2020), served to underpin

Business intelligence datasets for the biopharma
space, with patent analysis, innovation benchmarks,
and records for R&D spending (Manik, 2020),
provided strategic business intelligence essential for
innovation strategy and policy alignment. Multi-
omics datasets, with coverage for genomic,
transcriptomic, proteomic, and neuroimaging records
(Manik, 2021), supplemented precision modeling with
applications tailored for neurosurgical and disease-
specific applications. Finally, datasets for clinical and
chronic diseases, covering electronic health records
(EHRs), metabolic markers, and wearable bio-signals
(Manik et al., 2021), facilitated predictive analytics
with personalized healthcare applications. These
datasets were all aligned with the techniques for data

fusion, namely, feature scaling, dimensionality
reduction (PCA and t-SNE), and metadata
standardization, to enable interoperability with

consistency. The resulting alignment provided robust
model evaluation under common metrics for
performance, namely, accuracy, area under the curve
(AUC), F1-score, and precision-recall indices, to serve
as the empirical backbone for the AI-Al-Bio-
Innovation Framework (AIBF).

Application Domain Guraiunifane

antimicrobial — resistance  prediction  modeling.

AI®ML Techniques

Table 1

This synthesis addressed various AI/ML paradigms that emerged from the six studies:
Study Year Ili’/f:glagzj{SAl/ML

Contribution

Generative Adversarial
Networks (GANS),
Bayesian Optimization

Manik et al., 2018

Miah et al., 2019 CNN-LSTM hybrid

Ensemble Learning (RF,
XGBoost, SVM)

Knowledge Graph &
NLP text mining

Manik et al., 2020

Manik, 2020

Multi-omics integration,
supervised ML (ANN,
SVM)

Manik, 2021

Cradient Boosting,

Manik et al., 2021 Deep Hybrid Networks

Automated molecular

Drug discovery

Wearable
cardiovascular
monitoring
Antimicrobial resistance
modeling

Biotech innovation
strategy

Parkinson’s disease
neurosurgery

Chronic disease
prediction

design & virtual
screening
Temporal-spatial
feature extraction for
real-time detection
Predictive global AMR
forecasting

Mapping Al-driven R&D
ecosystems
Biomarker-based
surgical outcome
prediction
Personalized,
explainable health
analytics
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Synthesis and Framework Construction
Process

This was a pattern of four iterative cycles that
triggered the meta-synthesis as a systematic merger
of methodic synthesis between the qualitative and
quantitative definitions derived from the source of the
initial six studies, evolving the Al-Biolnnovation
Framework (AIBF). This stage of extraction involved
the careful selection of key methodologies, data, and
empirical evidence for each study to systemize a
matrix of understanding that was subject to analysis
for each study utilizing NVivo analysis techniques for
methodical processes of accuracy and traceability.
This stage of compatibility provided a visual
illustration of a range of similes between the
disciplines of SGM-PAA implementation to
respectively contrasting with the Agendas of
Biomedical ~Agenda representations  utilizing
Correspondence Conceptual Analysis. This final
stage of analysis provided a systematic integration of
a range of similarity comparative results for a
complete assembly of four illustrative categories for a
complete framework of: Data Synthesis-Integration
for AI-ML Biomedical Mathematics for Predictions of
translations for a complete continuum of Al-
Biolnnovation Framework. This final analysis of AIBF
system concept modeling further combined a range
of categories for a complete systematic three-tier
system that would involve an initial Input Tier for
multi-data input for ‘omics clinical wearable or
strategic input; a second Process Tier methodic for
progressive engines of applicable techniques
between DL En GM; and a final Output Tier for
Predictive Translation of system knowledge for Al-
Biolnnovation predictions of translating by utilizing
Predictive Intelligence encompassing Predictive
Statistical Analysis for Predictive Diagnostics
Predictions of Precision Medicine as well as Global
Health. This complete system modeling of a three-tier
level system was a priori conceptually validated
utilizing a complete systematic matrix of matches
between comparative analysis of validated
methodologies for the initial concept level. For each
of the initial six comparative analyses of
methodologies was a complete Al-Biolnnovation
framework design.

Evaluation Metrics

Quantitative synthesis across the six studies
identified a Convergence of Strong Performance
Thresholds that defines the transformation
capabilities offered by integrating Al with Biomedical
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Sciences for Healthcare Analytics. Average Predict
Accuracy for both cardiovascular disease models as
well as chronic disease models remained at 90-94 %,
which establishes credible Al architectures’
capabilities for deep learning, including ensemble
models, for credible predictions under challenging
settings for disease diagnosis. Across pharmaceutical
domain settings, Al-enabled models supported a 35-
45% reduction in time for pharmaceutical
discoveries, development, and implementation,
justifying initial promises for faster R&D cycles for
pharmaceutical products. AMR Predict Models for
forecasting ~ under  antimicrobial  resistance
established credible thresholds at F1-Scores and
Sensitivity measures at 0.89 and 0.87, respectively,
which confirms credible capabilities for Al-enabled
ensemble learning for large-scale epidemic disease
forecasting. Further, across credible Al-enabled
models, a maximum 40% reduction in computational
delays increases real-time capabilities for efficient,
scalable execution at high speed.

Both thresholds hold that AI Integration
promotes accuracy and speed for Biomedical
operations that serve as valid empirical grounding for
developing an Al Bio Innovation Framework or
facilitating the Next-Generation Healthcare System
Integration.

Ethical Issues Related

It adheres to the FAIR guidelines for data as well as
clinical interpretability guidelines for XAI. Cross-
validation of the outcome of the algorithms was
ensured by the process of cross-validation, as well as
external data available from literature reviews. This
framework adheres to the clinical Al ethics guidelines
for the biomedical industry, with a focus on
accountability and interpretability, and privacy
preservation according to GDPR and HIPAA.

Results and Findings
Overview

On the synthesis of the six fundamental studies
carried out between 2018-2021, it was made evident
that artificial intelligence, which uses analytics, has
led to a paradigm shift in several biomedical
processes, including the discovery of a drug, disease
diagnosis, disease prevention, and decision-making.
On synthesizing the study findings, it was made
apparent that a noticeable improvement was made for
accuracy, efficiency, scalability, and applications for
translating discoveries, with multiple capabilities of
artificial intelligence applicable to the current
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healthcare scenario. On synthesizing the study
findings, it was made apparent that three distinct
areas of progress have been achieved after making a
comparison of several study findings. Firstly,
improvement was made with efficiency since Al
algorithms led to a decrease in the latency of analysis,
with a 30-45% reduction of pharmaceutical RQD
timelines for increased scientific discoveries.
Secondly, accuracy made a significant improvement
since deep learning with the help of an ensemble
method made a 25% increase for diagnosis with

Thirdly, improvement was made for translational
intelligence since Al algorithms made feasible
applications for charging forecasts for the healthcare
industry, with a possible aid option for alternative
decisions with easy translation for discoveries made
during the analysis of the molecular technique at a
scale for analysis in healthcare. On the study of
synthesizing findings, it was made apparent that
artificial intelligence not only holds applications for
several capabilities for analytics techniques but also
pertains to several healthcare advancements for a

precision compared to the conventional method of  distinct range of applications with increased
statistics or rules for a determination technique. precision.
Table 2
Cross-Domain Performance Synthesis
: AI/ML Key Findings / Performance
DU S 1y Techniques Used Data Sources Contributions Metrics
Al-driven
Generative Al I compound- o )
Manik et al. (2018)  (GANs, Bayesian M.ol.eculauT libraries, generation Precision = 0.91;
RS clinical-trial data S AUC =0.88
Optimization) pipeline reduced
R&D time by 40%
Wearable ECG, Real.-tlme .
PPG cardiovascular risk Accuracy  0.93:
Miah et al. (2019)  CNN-LSTM hybrid ’ prediction; 93% v =59
accelerometer . Recall = 0.90
detection
data
accuracy
Global AMR fp;f Sﬁg’e moghe/l[SR
Manik et al. Ensemble ML (RF,  databases, Strains: gi“lggose q F1=0.89;
(2020) XGBoost, SVM)  genomic » Prop Sensitivity = 0.87
ceqUences global surveillance
a dashboard
dentified Al- ROI improvement
. Knowledge-graph ~ Patent and R&D biotech synergy; p
Manik (2020) . . . = 28%; Model
analytics, NLP datasets 30% innovation-
. . accuracy = 0.85
efficiency increase
Multi-omics . A_I—assmted
supervised Genomic, biomarker Accuracy — 0.92-
Manik (2021) pet proteomic, and identification for racy =109,
learning (SVM, . . . ) Sensitivity = 0.90
ANN) neuroimaging data  Parkinson’s
neurosurgery
Deep hybrid and EHR, wearable Early chronic- Accuracy = 0.91;
Manik et al. (2021 : . ’ . i i T
anik et al. (2021) gradient boosting  and genomic data disease detection Latency |, 35%

via explainable Al

The Al-Bio-Innovation Framework (AIBF)

Cross-study integration enabled the formulation of an
integrated architecture model, Al-Bio-Innovation
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Framework (AIBF), which encompasses the
formalism of the non-uniform biomedical data
resource translation to predictive/translational



intelligence using Al Al-Bio-Innovation Framework
(AIBF) embraces a three-tier intelligent architecture
that enables integration of data analysis and decision
intelligence to redefine the paradigm of biomedical,
scientific, and healthcare practice. Firstly, there is the
Input Tier, or Data Ecosystem, which federates non-
uniform  biomedical resources ranging from
molecule/chemical libraries to genome/proteome
signatures; wearable/physiological SEeNsors;
clinical/population-scale datasets; and innovation
strategy graphs focused on innovation domains of
interest. This multi-source integration enables the
performance of the entire concept of integrated
holistic data integration by promoting a continuous
stream of high-quality information to the analysis
core. Then comes the Processing Tier, or AI/ML Core.
This acts as the brain of the Al structure with the
expansion of generative Al for developing artificial
molecules; CNN LSTM hybrid learning for developing
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learning for developing global surveillance models,
risk models, and graph analysis for innovative
strategy graphs. Thirdly, there comes translational
intelligence. This refers to the Output Tier that
promotes the translation of analysis to actionable,
biomedical, intellect-driven decision-making with
transformative power for predictive and diagnostic
prowess towards early disease  diagnosis;
personalized biomedical intellect for biomarker
mapping using Al analytics; global healthcare with
precision towards antimicrobial-epidemic predictions;
with a governance section that promotes Al analytics
for interpretability; compliance for ethic-mandated Al
applications with sustainability addition. All of them
therefore operate simultaneously as a complete self-
adjusting system with seamless convergence of Al
analytics on biomedical data to analysis results using
a comprehensive, encompassing biomedical intellect
architecture.

the physiological forecasting models; machine
Input Layer
Molecular & Genomic & | | Wearable & | | Clinical
Chemical Proteomic Physiological &
Data Data Data Population
Data
Al/ML Engine
Generative Deep Ensemble || Knowledge-
Al Learning ML Graph
Analytics |
Output Layer
Predictive Personalized Global Health
Diagnostics Therapeutics Dashboards

[ Governance

Figure 1: Al-Bio-Innovation Framework (AIBF)

Discussion
Interpreting the Integrated Results

Meta-synthesis across studies conducted between
2018-2021 reveals the surprising consistency across
approaches for Al, biomedical data environments, or
translational intelligence for healthcare. For each of
these areas, beginning with molecule discoveries,

progressing towards forecasting for chronic
conditions, there is a clear drift towards biomedical
automation with data intelligence. This Artificial
Intelligence-Bio-Innovation Framework (AIBF) serves
as a supramolecular entity that collates this
information across varied studies towards a coherent
biomedical pipeline. This supramolecular entity
establishes that a combination of Generative Artificial

Global Pharmaceutical Studies Review (GPSR)
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Intelligence, Deep Learning, or Ensemble Machine
Learning leads to a self-validating system that learns,
adapts, or improves for varied purposes. In this
context, pharmaceutical development pipelines scale
at a population level for developing ‘health
intelligence’ with  overarching computational
frameworks. On synthesis, it appears that biomedical
discoveries are gradually abandoning a fixed
‘evidence model’ for a ‘biomedical intelligence’ model,
as discoveries proceed with adaptations between
feedback mechanisms initiated between data, Al
models, or patient outcomes.

Impact on Drug Discovery and
Pharmaceutical R&D

Al was further validated for being an innovation
transformer by the pharmaceutical community in the
2018 and 2020 sets of papers (Manik et al., 2018;
Manik, 2020). Al-enabled, as implemented by the
Generative Adversarial Networks (GANs) and by the
Bayesian optimization techniques, it has been made
possible to identify innovative chemical structures for
which it would bind with specified affinities,
simultaneously accompanied by the optimized
pharmacokinetic properties. This synchronization
with the Knowledge-Graph Analysis (Manik, 2020)
identifies that Al would now integrate all R&D
operations perfectly with Al knowledge of the market
to the point that it would generate innovations that
would not only transform and innovate but would
further strategically sync with the operations of the
business concerned in a global context.

Predictive and Preventive Healthcare
Advancements

Miah et al. (2019) and Manik et al. (2021 demonstrate
the relevance of real-time analytics and wearable
intelligence to the concept of predictive healthcare.
Using CNN-LSTM algorithms, wearable technology
can continuously analyze heart rate variability, stress
levels, or make an initial diagnosis of a heart
condition. Notably, a 93% accuracy level signifies
that Al-powered wearables can potentially prove to
be an accurate diagnostic instrument in the near
future, which can further reduce hospitalization rates
with a target of developing a concept of a preventive
approach to precision medicine. In addition to that,
predictive algorithms for chronic diseases, as
explained by Manik et al. (2021, broaden this notion
for both metabolic and neurological diseases, which
further signifies that each one of us can have an Al-
powered personal active healthcare companion.
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Global Health Intelligence and Antimicrobial
Resistance (AMR)

One of the remarkable applications of big data
modeling to antimicrobial resistance carried out by
Manik et al. in the year 2020 reveals its potential to
serve as a global disease sentinel with the help of Al
This has been made clear by demonstrating that the
availability of ensemble machines like XGBoost and
Random Forest, with the level of accuracy of F1 =
0.89, can predict patterns of antimicrobial resistance
several months into the future. Together with AIBF
architecture, it can establish a means of a global
disease surveillance system that offers access to
clinical labs along with genome databases, plus public
health information from governments.

The Interplay of Multi-Omics for Neuro

Analysis of multiple omics in 2021, with the addition
of Al for a study related to Parkinson’s disease,
validates the importance of multi-level biological
intelligence. There’s a remarkable advancement with
the concept of a 360-degree view of disease behavior
with input integration from the genome level to
proteome analysis for easy decision-making for drug
treatment and surgery. This can almost be termed a
quantum shift towards personalized treatment itself,
which prescribes medicines not only on the basis of a
symptom measurement system but also on some
molecular signatures. This takes place at AIBF with a
notion of a ‘molecular foundation layer’ that requires
extremely detailed input into Al algorithms.

The Ethical and Strategic Considerations

Although Al offers a new level of analytics that was
not possible before Al was developed, it poses some
questions concerning ethics and transparency. One
of the key presumptions of AIBF would be to
incorporate a Governance Layer that could provide
justifications focused on constructs that honor
concepts of Explainable Al (XAl) as well as a
HIPAA/GDPR  ethic. A conceptual level of
understanding by Manik in 2020 states the
importance of understanding that for Al to be
successful, more than technological knowledge
needs to be developed. Biomedical startups of the
future would need to take into account innovation
models of responsible innovation that incorporate the
notion of innovation speed for the issue of social
responsibility.



Cross-Domain Synergy and Theoretical

Integration of the cybernetic approach of generation,
predictiveness, or strategy into a blend exposes
cybernetic integration or a self-referential intelligence
loop that relates to biological information,
computation with Al, and human expertise. Evidently,
there appears to be a paradigm shift concerning the
concept of Artificial Intelligence to that of Augmented
Bio-Intelligence, where the expertise of human
knowledge and precision of the algorithm meet at a
compound efficiency of a feedback loop. From a
theoretical analysis point of view, AIBF satisfies the
concept of Systems Theory in general with a
paradigm of Translational Informatics where Al works
as a vital link between the complexity of biological
information and with simplicity of computation.

Framework Proposal: The Al-Bio-Innovation
Framework (AIBF)

Overview of

Al-Bio-Innovation Framework (AIBF) signifies a broad
framework that encompasses the harmonization of
biomedical data environments with AI/ML processing
and governance intelligence as a single translation
pipeline. AIBF signifies the totality of efforts
encompassing six CIRs that harmonize analysis at a
molecular level with healthcare systems at a
molecular level for a population-level context. At the
essence of AIBF is the understanding that biomedical
innovation can often advance at a better speed for a
different vision that may conceptualize a system of Al
that goes beyond being a solution-seeking processor
to being a self-optimizing learning system that
experiences epochs of progress between its data and
decision-making.

Structural Architecture

AIBF has three levels of analysis: these include the
Input Level, the AI/ML Engine Level, and the Output
Level. AIBF also uses a governance level that puts a
high premium on sustainability, privacy, and
explainability.

Level 1: Input Layer

AIBF’s Input Layer of Al-Bio Innovation Framework
meticulously harnesses multimodal fusion expertise
that sets the groundwork for biomedical intelligence
integration. This layer amalgamates inputs from a
total of five key domains that distill all essential facets
of healthcare. Firstly, libraries of molecules with
compound details, findings obtained from simulations
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of compound libraries, and pharmacokinetic
simulation outcome details are always necessary for
Al-assisted compound designing. Secondly, multi-
omics domains that obtain information about
genomic, proteomics, or other disease-related details
are always essential for Al-assisted precision
medicine design. Thirdly, wearable or physiological
data sources that obtain information from wearable
sensors, heart rate measurement sensors, or
accelerometers always allow for instant measurement
of a patient’s physiological state. Fourthly,
clinical/population  data  sources that input
information from electronic healthcare records, public
healthcare records, or disease surveillance systems
distill paradigm-specific information that associates
personal and global changes to healthcare behavior
patterns. Fifthly, innovation graphs that derive
information about patents, market performance
details, or investment details for R&D always
integrate  scientific innovation with informed
decision-making for paradigm-assisted scientific
convergence on R&D. All types of information
obtained from this diverse set of sources seamlessly
trickle in due to the availability of standard metadata
formats such as HL7 FHIR, BioPAX, or JSON Data
Contracts that allow for convenient and harmonious
information fusion at Al cores of AIBF that accomplish
decision-making computational algorithms of AIBF.

Layer 2: Processing Layer: AI/ML Engine

The Al/Bio-Innovation Framework was designed with
an AI/ML Engine computation core consisting of four
interconnected submodules. The submodules work
together to propel intelligent biomedical informatics.
The first sub-module, Generative Al Subsystem,
combines Generative Adversarial Network models
with Bayesian Networks to create new chemical
molecules from scratch, model biochemical reactions,
and speed up the drug discovery research cycle.

The module functions by minimizing the time it
takes for discovery by automatically producing
therapeutic leads through molecular docking. The
second is a Deep Learning Subsystem that uses
Hybrid CNN-LSTM models for the processing of
complex biomedical time series or neuroimaging data
in disease progression modeling or anomaly
detection. The third sub-module entails Real-Time
Anomaly and Nosology Prediction. The sub-module
provides dynamic models of classification diagnosis
that can be developed based on real-time biosensing
data. All these subsystems come together to make an
integrated intelligence that combines biosensing,
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genomics, and neuroinformatics in one single
computing environment.

The overall structure represents a cycle of
synergistic ~ Al-driven  innovation, which is
continuously learning and improving outcomes in
precision medicine.

Tier 3: Output Layer - Translational
Intelligence

The Output Layer of the Al/Bio-Innovation
Framework possesses the key to Al translation for
useful biomedical as well as management intelligence,
or, in other words, effectively acts as a bridge to fill
the gap that exists between the emerging application
area of Al and the application of Al itself.

It consists of four interrelated application
streams that function as a team to achieve Al
translation for healthcare and strategy-related
results. The first application that holds a huge
promise for predictive ability relates to the utilization
of screen-assisted tools for high-risk patients with
cardiovascular, neurodegenerative, and metabolic
diseases, including that of cardiovascular,
neurodegenerative, and metabolic diseases, for that
matter, for a patient with no symptoms whatsoever.
The second one that relies on personalized
therapeutics intends to aid with the concept of
personalized information by means of multi-omics
integration, as well as clinical information, for a
rational judgment concerning the key surgery, as well
as more effective and safe medicines.

Third, it has global healthcare dashboards that
can be monitored in real-time for management.

The final, or fourth application, which assists
biotech  decision-support, successfully relates
biomedical decision-support with intelligent strategic
decision-support systems that help to rank biotech
investment decisions, programs, as well as
performance monitoring with key performance
measurement of Al-assisted KPIs.

Therefore, the four streams of applications also
successfully guarantee that not only predictive
scientific intelligence, but also possible impact-
bearing outputs are successfully produced by the
Output Layer of the Al/Bio-Innovation Framework
itself.

Al Bio-Innovation Framework (AIBF), being an
effective tool, also possesses a strong Governance
Layer that acts as a catalyst to promote integrity,
transparency, and sustainability for the entire
lifecycle system. This layer promotes the importance
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of explainability, or XAI, with a clean and
understandable model result that can easily be
accessed by experts, researchers, or indeed any
authorized person, which enables this Al framework
to stress the importance of accountability and trust
for Al-related decision-making processes. It should
stress compliance with international and universally
recognized norms and regulations, including HIPAA,
GDPR, and ISO/IEC 23053, to guarantee that all
processing, storage, and functions of the models
strictly obey the tightest restrictions for privacy
governance. This has ensured data security with a
blockchain-supported audit trail to the point that
every update for a specific model or access attempt
remains meticulously recorded to strictly obey the
tightest restrictions for traceability to safeguard that
no illegal update can continue to affect the models.
Resistively promotes sustainability by being
responsible for the consumption of computational
energy to strictly obey restrictions for green Al to
prohibit negative effects for common analytics for the
Al Bio-Innovation Framework.

Workflow Dynamics

Logic operating within AIBF performs a learning cycle
with a closed loop:

Gathering of Data - Al Model for Analysis -
Predictions Generated - Validation of Predictions -
Retraining of Al Model

This learning by algorithms would help to achieve
progressive  improvement with  reinforcement
learning. Therefore, with the passage of time,
accuracy, interpretability, and generalizability would
be enhanced; this would represent self-developing
biomedical intelligence.

Paths for

Al Bio-Innovation Framework (AIBF) can be run or
implemented in three different modes that are
specifically designed to cater to the varying needs of
the biomedical community at large. In the Research
Mode of operation, AIBF integrates smoothly with
university and biotech data domains for immediate
discoveries of compounds, identification of
biomarkers, and hypothesis formulation through
intensive datasets analysis and modeling. At the same
time, for Clinical Apps and their applications, AIBF has
the integration facility with hospital information
systems and wearable device domains for precision
predictions, disease diagnosis, and patient
management at the clinical level that optimize clinical
decisions for precision medicine applications.
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Similarly, for Policy Apps and applications of AIBF’s
Policy Modes of operation, AIBF integrates with a
facility for harvesting global healthcare information as
well as country-specific domains for hospital-wide
insights for governments and public healthcare
institutions that encompass entire domains of
epidemiology study, antimicrobial patterns study,
healthcare economy domains, and so on. This
flexibility of AIBF to operate across multiple modes
would ultimately help AIBF to serve as a tool for
innovation for researchers and a platform for making
decisions as well.

Expected Outcome

'The Al-Bio Innovation Framework' itself ensures a
range of paradigm = shift-superandatory and
measurable outcomes for the entire biomedical
innovation value chain. This enables a staggering 35-
45% reduction in the time for drug discoveries by
means of Al-assisted 'Generative Design', with
reference to both the cybernetic pathway design
synthesis as well as validations for compounds. Also,
'The Al-Bio Innovation Framework' itself enables a
staggering 20-30% increase in  'Diagnostic
Accuracies' by means of 'Hybrid Deep Learning
Architecture Designs' that solve extremely complex
multimodal biomedical datasets with unrivaled
correctness.  Finally, 'The Al-Bio Innovation
Framework' itself enables a staggering 40% increase
of 'Data to Decision Speed Translations' with
reference to the complete improvement of analytic
latency to its limits of flexibility for the betterment of
'Predictive Knowledge Availability' with complete
instant online access at 'Anytime-Anywhere' speed
for 'Both Clinical and Research' scenarios. On a
broader level of organizations, it enables a staggering
25-30% 'Efficacy Lift' for 'R&D in Whole' by means
of Al-assisted 'Strategic Resource Analytics' with a
view to optimizing resource assignments by means of
Al-assisted strategy. Together, all the above-stated
characteristics establish that artificial intelligence
itself has transcendently outgrown itself from being a
simple 'Computational Facilitation Supplement' to
becoming a 'Bio-tech-Prism Organization' that sets
'The Rational Paces' for scientific as well as clinical
developments at its scale.7.0 Conclusion and Future
Directions

Summary of Contributions

This paper has embodied methodical thinking and
findings from among the six fundamental studies,
which were published between the years 2018-2021,
developing a unitary and integrated structure that
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was named Al-Bio Innovation Framework (AIBF).
Through its integration with generative Al
technology, wearable deep learning technology,
multi-omics  integration  technology, ensemble
predictive modeling techniques, as well as Biotech
strategic analytics techniques, it manifested that Al
was a principal catalyst for the next level of
advancement of biomedical intelligence. In this
context, Al increased the accuracy level of diagnosis
by a level of 20-30 percent, reduced timelines of drug
development by a level of 40 percent, besides
enhanced global healthcare analytics with predictive
modeling for addressing antimicrobial resistance.
Further, Al made it feasible to establish a
comprehensible perception of a possible integration
between multi-source data inputs and hybrid AI/ML
technology platforms, with a motivation for
generating a translational perception of reality in a
real-time context of understanding. Through its
strategic integration with innovation practices, this
paper acts as a connecting bridge for scientific
understanding, healthcare implementation, and
organization-wide strategy formulation to ensure that
Al plants its mark as a principal catalyst for
technology advancement, besides making a feasible
contribution to governance for the next level of
advancement in biomedical technology.

Theoretical Implications

On a theoretical level, AIBF proposes to improve the
theoretical underpinnings of  translational
bioinformatics for the purpose of developing a
conceptual framework for Al that conceives of itself
as a ‘recursive cognitive ecosystem system’ that
learns from responses, data, and interactions with
policy —a level of analysis that moves from predictive
analytics to a level of autonomous scientific analysis
wherein Al learns to formulate testable hypotheses
and then affirm the results of experiments.

This conceptually goes through a kind of
metamorphosis in the realm of biomedical science to
transform from a data-dependent system to an
intelligence-driven system, which properly identifies
with the kind of self-learning system as
conceptualized by certain cybernetic theories of
system biology. This further encompasses
ethics/sustainability to introduce the concept of
‘intelligent healthcare’ that’s not only algorithmic but
also rational.

Practical and Strategic Implications

On application, the Al Bio-Innovation Framework, or
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AIBF, acts as a deployable and transformable
paradigm that possesses a strong ability to transform
various operations of businesses with respect to
RA&D, practices, and policymaking. Further, to
enhance the R&D of pharmaceuticals at a rapid speed,
it uses a generative paradigm for screens and designs
that relate to a data-driven design for molecules,
making it easy to identify compounds at a faster
developmental stage. Further, with respect to
precision and preventive medicine applications, this
framework uses Al wearable technology that can
continuously identify, diagnose, and predict disease
conditions to act upon them instantly. This enables
diverse treatments to also be implemented at a timely
stage. Further, with respect to global policymakers’
needs for governance at a global level, it acts as a
predictive paradigm for developing antimicrobial
resistance and epidemiology to enable global
policymakers' predictions to ward off diverse public
health problems. Further, with respect to innovation
management practices for global innovation strategy,
it enables biotech companies to invest and manage Al
to serve various global changed needs with respect
to policy regimes. This means that it promotes
sustainability at a competitive level. On the whole, it
acts as a deployable paradigm for global healthcare
leaders who aim to build a global healthcare platform
using Al technologies that enable efficiency and equal
access to diverse healthcare needs.

Limitations

Though its applicability spans across a broad horizon,
it appears that certain limitations need to be
addressed for further improved outcomes in the
future. One such concern, which comes to light, is
related to data heterogeneity, as the literature being
presented encompasses a variety of studies that
utilize different sets of data and different modes of
validation, which might contribute towards a bias
across studies as well as influence overall accuracy
towards a generalized performance score. Secondly,
a certain level of variation in ethics, which comes with
different state or organizational frameworks related to
Al, affects the overall generalization of results,
indicating a vital need for differently standardized
regulations. Third, a serious concern related to the
overall high resource costs employed, which are
utilized in a large-scale Al development study related
to biotech fields, sets a certain high level related to
overall consumption costs, which, in turn, might raise
serious upcoming concerns related to its further
sustainability. Lastly, a broad translation gap still
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remains, since, despite reaching a high level of
accuracy related to predictions with respect to
laboratory settings, a certain level of overall validation
across a broad spectrum of populations, as well as a
variety of overall healthcare settings, needs to occur.

Future Research Directions

Future studies on Al applications in Biomedicine
should integrate a strong focus on technology
innovation and a strong guideline for making Al
applications sustainable, trustworthy, and universally
effective. Explanatory Al (XAl), working towards
developing an understandable Al model for a
diagnosis by causal understanding of the processed
information by Al modeling, should demand absolute
primary focus to enhance its acceptance with
healthcare experts. Further, the study on developing
a federated learning Al application should place a
strong importance on establishing a safe and diverse
paradigm for Al learning and advancement for a

diverse set of hospitals or institutions with
paradigmatic  differences for a safe learning
environment  with  paradigmatic  differences.

Application of Quantum Computing for Al should
address a totally new revolution to promise a fast
analysis of multi-Omics for a rapid and accurate
discovery in Biomedicine. A study on developing a
digital twin Al system for Biophysiological Simulation
may introduce a totally new platform to enhance a
strong Al system for simulating personalized therapy,
where healthcare experts can test a simulated Al
concept to reach a healthcare decision before
implementing the healthcare solution. Finally,
developing a strong global Al ethic importance should
demand immediate importance to promise innovative
Al applications to result in a safe and equal access
environment for healthcare innovations across the
globe.

Concluding Remarks

Al-Bio Innovation Framework heralds a paradigm
shift of epoch-making proportions to the digital age
of life science. Al goes beyond being a life science
transformer or modifier since it revolutionizes science
itself, converting scientific learning into a thoughtful
and active activity of intelligent creativity. But
because of this paradigm shift that science is now
ushering in with Al's help, it increasingly requires a
human ability to control and understand the next
great helpmate to science itself. This next helpmate
to science? None other than Al itself.
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