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Abstract
Personalized pharmacotherapy harnesses patient-specific information—especially genetic data—to tailor drug se-
lection and dosing for optimal safety and efficacy. Next-generation sequencing (NGS) technologies have revolu-
tionized the ability to interrogate the genome, uncovering both common polymorphisms and rare variants that 
influence drug response. This narrative review discusses the theoretical foundations of  pharmacogenomics as en-
abled by NGS, highlights emerging sequencing technologies and bioinformatic tools that are advancing the field, 
and examines the clinical utility of  NGS-driven pharmacotherapy across diverse medical domains. We summarize 
how comprehensive genomic profiling can inform drug metabolism and efficacy predictions, describe cutting-edge 
approaches (such as long-read sequencing and machine learning) that address current challenges, and review re-
cent evidence supporting the implementation of  multi-gene pharmacogenomic testing in clinical practice. While 
NGS-powered pharmacogenomics holds great promise to improve medication outcomes and reduce adverse drug 
reactions, we also consider the practical hurdles—technical, interpretive, and regulatory—that must be overcome 
for its broad integration into routine care. Implementing NGS for personalized pharmacotherapy decisions requires 
a confluence of  robust genomic technologies, advanced informatics, and carefully crafted clinical workflows. With 
continued innovation and evidence generation, NGS-guided pharmacotherapy is poised to become a cornerstone 
of  precision medicine, enabling truly individualized drug therapy.
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Introduction
Advances in human genomics have posi-

tioned pharmacogenomics—the study of genetic 
influences on drug response—as a cornerstone 
of personalized medicine [1]. Genetic factors are 
now recognized to substantially contribute to in-
terpatient variability in drug efficacy and the risk 
of adverse drug reactions. Notably, over 95% of 
individuals harbor at least one actionable pharma-
cogenetic variant that could affect drug therapy 
[2]. Reflecting this prevalence, regulators have in-
creasingly incorporated pharmacogenomic infor-
mation into drug labeling: As of 2018, the U.S. Food 

and Drug Administration (FDA) listed more than 
260 approved medications with genomic bio-
markers on their labels [3]. These developments 
underscore a broad opportunity to improve phar-
macotherapy by matching the right drug and dose 
to each patient’s genomic profile.

Next-generation sequencing has been a 
transformative technology that is enabling this 
arena. Traditional pharmacogenetic testing often 
interrogated one gene or a limited set of known 
polymorphisms at a time. In contrast, NGS can rap-
idly sequence millions of DNA fragments in paral-
lel, providing a comprehensive view of an individu-
al’s genetic variation across all pharmacogenes [4]. 
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This includes the detection of rare or patient-spe-
cific variants that would be missed by conven-
tional genotyping assays [5]. By revealing the full 
landscape of genetic differences—spanning com-
mon single-nucleotide polymorphisms (SNPs), 
copy number variations, and even structural vari-
ants—NGS offers an unprecedented depth of data to 
inform drug therapy decisions. The potential clin-
ical impact is enormous: fully leveraging genomic 
data could help maximize drug efficacy, avoid tox-
icity, and reduce trial-and-error prescribing.

At the same time, the transition from targeted 
genotyping to comprehensive sequencing brings 
new challenges. The clinical utility of sequencing 
every variant in a patient’s genome remains an area 
of active investigation [5]. Not all detected variants 
have known functional consequences, and distin-
guishing actionable findings from benign genetic 
background noise is non-trivial. Practical consid-
erations such as cost-effectiveness, turnaround 
time, data interpretation, and provider education 
also influence how NGS-based pharmacogenom-
ics can be implemented at the bedside [6]. This 
review will explore the theoretical foundations 
that justify using NGS for personalized pharmaco-
therapy, the latest technological and informatics 
advancements addressing current limitations, and 
the emerging evidence for its clinical utility across 
different fields of medicine. We aim to provide a 
comprehensive overview of how next-generation 
sequencing is being applied to optimize drug ther-
apy, and what steps are needed to integrate these 
tools into routine clinical practice.

Theoretical frameworks for 
NGS-based pharmacotherapy

Pharmacogenomic basis of drug response
An individual’s response to a medication is 

often determined by a complex interplay of genet-
ic factors. Variants in genes encoding drug-me-
tabolizing enzymes, drug transporters, and drug 
targets (such as receptors or enzymes) can mod-
ulate drug pharmacokinetics (PK) and pharmaco-
dynamics (PD) [1]. For example, polymorphisms 
in cytochrome P450 enzymes may categorize 
patients as rapid or poor metabolizers of cer-
tain drugs, leading to subtherapeutic exposure 
or toxic accumulation, respectively. Traditionally, 
pharmacogenetics focused on single gene-drug 
pairs—identifying, for instance, how a CYP2C19 
loss-of-function allele affects clopidogrel activa-
tion or how an HLA-B variant predisposes to allop-
urinol hypersensitivity. This one-gene-at-a-time 
approach has yielded important clinical guidelines 
but captures only a fraction of the genetic con-
tributors to drug response.

Pharmacogenomics, empowered by genom-
ic sequencing, expands this scope to consider 

multi-gene influences and genome-wide varia-
tion. It recognizes that many drug outcomes are 
polygenic or multifactorial; multiple genes (along 
with non-genetic factors) may collectively shape 
a patient’s response. NGS technologies facilitate 
this broader view by allowing simultaneous analy-
sis of all relevant genes in one assay. Panel-based 
NGS tests can interrogate dozens to hundreds of 
pharmacogenes in parallel, moving beyond the 
“one variant, one drug” paradigm towards a ho-
listic genetic profile for each patient. Importantly, 
NGS can uncover rare or novel variants in phar-
macogenes that would not be included on tar-
geted genotyping panels [5]. These rare variants 
might be especially important in individuals from 
underrepresented ethnic groups, who may carry 
less-studied alleles not found in common refer-
ence panels. By revealing personal genetic vari-
ants, comprehensive sequencing offers the the-
oretical maximum of information to predict drug 
metabolism and action for an individual.

Genotyping versus sequencing – scope 
and limitations
There are key differences between conven-

tional genotyping methods and next-generation 
sequencing in pharmacotherapy applications. 
Genotyping (for example, via allele-specific PCR 
or microarray) is typically limited to detecting 
predetermined common variants with known sig-
nificance. It is cost-effective and straightforward 
for known pharmacogenetic polymorphisms – for 
instance, testing for the CYP2D6 *4 allele or TPMT 
*3A allele – and such tests have been integrated 
into clinical practice for years. However, geno-
typing cannot detect new or unexpected genetic 
alterations outside its assay design. In contrast, 
NGS entails high-throughput sequencing of DNA, 
which can capture all variants in the sequenced 
regions (e.g., the entire gene coding sequence). 
This means NGS can identify millions of bases of 
sequence differences, including unanticipated 
single-nucleotide variants, insertions/deletions, 
and structural changes. The advantage is a com-
prehensive assessment: NGS might find an unusu-
al loss-of-function mutation in a drug transporter 
gene that explains a patient’s extreme drug level, 
whereas a targeted test of only common SNPs 
would have missed it.

The flip side of NGS’s breadth is the challenge 
of interpreting and managing its output. A typical 
clinical sequencing of pharmacogenes yields nu-
merous variants of uncertain significance – chang-
es in DNA for which the effect on drug response is 
not established. While comprehensive sequencing 
is technically feasible, its incremental clinical val-
ue over targeted genotyping remains under scru-
tiny [5]. In practice, many pharmacogenomic rec-
ommendations today (e.g., dosing guidelines from 
the Clinical Pharmacogenetics Implementation 
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Consortium, CPIC) are based on well-charac-
terized variants; finding additional rare variants 
might not yet translate to a different prescribing 
decision if evidence is lacking. Thus, a theoretical 
framework for implementing NGS must address 
how to bridge this gap between data generation 
and actionable insight. Efforts are underway to 
expand annotation databases and functional stud-
ies to assign more detected variants a phenotype 
(e.g., classifying a novel CYP2C9 missense muta-
tion as likely damaging or benign). Until then, the 
full promise of sequencing every pharmacogene in 
every patient is tempered by the reality that cli-
nicians need clear, evidence-backed guidance on 
what to do with each genetic result.

From single-gene tests to 
multi-gene panels
The rise of NGS also supports a shift from 

reactive testing of one gene at a time toward 
preemptive multi-gene panel testing. Instead of 
ordering separate tests for each drug as issues 
arise, one comprehensive sequencing panel can 
be performed once (for example, early in a pa-
tient’s care or even at birth), and the results used 
to guide all future medication decisions. Giv-
en that virtually all individuals carry at least one 
actionable pharmacogenetic variant, and many 
carry several [2], the panel approach is appeal-
ing for maximizing patient benefit. Importantly, 
multi-gene testing can capture gene-gene inter-
actions or composite phenotypes. For instance, 
warfarin dosing is influenced by variants in mul-
tiple genes (e.g., CYP2C9, VKORC1, and others); a 
combined algorithm based on several genotypes 
plus clinical factors provides a more accurate 
dose prediction than any single gene alone. NGS is 
well-suited to such applications, as it can deliver a 
breadth of genotypic information from which dos-
ing algorithms or decision support tools can draw. 
The theoretical benefit is improved personaliza-
tion: the more we know about a patient’s relevant 
genes, the more precisely we can tailor therapy. 
Indeed, the concept of a “pharmacogenomic pass-
port” – a comprehensive genetic record available 
in the medical chart – is emerging as a long-term 
goal for precision pharmacotherapy [6].

Emerging technologies  
and innovations in  
pharmacogenomic sequencing

Advances in sequencing platforms
The sequencing technologies themselves 

continue to evolve, driving improvements in 
speed, accuracy, and cost that directly impact 
clinical pharmacogenomics. Second-generation 
(short-read) NGS platforms (exemplified by Illumi-
na sequencing) have become the workhorses for 

clinical genomics, producing massive throughput 
at ever-decreasing costs. In the past few years, the 
cost of sequencing a human genome has fallen to 
nearly $1000, and new instruments can generate 
data in a matter of hours to days. Recent advance-
ments have focused on increasing read lengths 
and accuracy while reducing runtime, which holds 
promise for making sequencing more practical 
in clinical settings [4]. As a result, targeted phar-
macogenomic sequencing panels can now be run 
with a turnaround time compatible with health-
care needs.

Most notably, third-generation sequencing 
technologies are addressing some limitations of 
earlier NGS for pharmacogenomics. Long-read 
sequencing platforms, such as PacBio HiFi se-
quencing and Oxford Nanopore technology, pro-
duce reads tens of kilobases in length—far longer 
than the typical 100–150 base reads of short-read 
NGS. This capability is transformative for resolv-
ing complex genomic regions. A prime exam-
ple is the cytochrome P450 gene CYP2D6, which 
has highly homologous pseudogenes (CYP2D7, 
CYP2D8) and is subject to frequent structural var-
iations (gene deletions, duplications, and hybrid 
gene formations). Short-read sequencing and ar-
ray genotyping often struggle to correctly geno-
type CYP2D6, leading to potential misclassifica-
tion of metabolizer status. Long-read sequencing, 
by contrast, can span the entire CYP2D6 gene lo-
cus and its structural variants in single reads. A re-
cent study demonstrated that targeted long-read 
sequencing could fully characterize the CYP2D6/
CYP2D7 hybrid gene arrangements, phase all var-
iants, and accurately assign CYP2D6 star alleles in 
one assay [7]. This approach uncovered novel al-
leles and showed significant improvement in gen-
otype accuracy for predicting enzyme function. 
More broadly, long-read sequencing can resolve 
complex loci that are “hard-to-sequence” using 
short reads, which is highly relevant because some 
pharmacogenes reside in regions with segmental 
duplications or repetitive sequences. By providing 
a more complete and unambiguous genetic pic-
ture, third-generation sequencing reduces uncer-
tainty in pharmacogenomic interpretation [8]. 

Another emerging application is ultra-rap-
id sequencing for time-critical situations. In ne-
onatal intensive care units and other acute care 
settings, rapid whole-genome sequencing (ena-
bled by streamlined library preparation and na-
nopore sequencing) has been used to diagnose 
genetic diseases within 24–48 hours, guiding ur-
gent treatment decisions. While such rapid WGS 
is often focused on diagnostic odyssey cases, the 
same principle can apply to pharmacogenom-
ics—for example, quickly identifying a genetic 
cause of extreme drug toxicity in a patient or de-
tecting resistance genes in a pathogen’s genome 
to choose the right antibiotic. Portable nanopore 
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sequencers have even been utilized for real-time 
sequencing of bloodstream infections to pinpoint 
antibiotic resistance markers [9], allowing per-
sonalized antimicrobial therapy selection without 
waiting for culture results. These technological 
innovations are steadily expanding the scenarios 
in which NGS data can inform pharmacotherapy 
in a timely manner.

Bioinformatics  
and data interpretation
Hand-in-hand with sequencing advances are 

improvements in bioinformatic pipelines dedicat-
ed to pharmacogenomics. The raw output of an 
NGS instrument must undergo processing to iden-
tify variants (the bioinformatics of alignment and 
variant calling) and, crucially, to translate those 
variants into a pharmacogenetic report. Recent 
efforts have focused on developing specialized 
algorithms for pharmacogene variant calling. For 
instance, due to the complexities of certain genes 
like CYP2D6 or UGT1A1, standard variant-calling 
pipelines can sometimes misassign reads or miss 
copy-number changes. Tools have been creat-
ed that are optimized for such genes, integrat-
ing copy number analysis and allele phasing logic 
to output standardized star allele nomenclature. 
The PharmVar consortium maintains a database 
of star allele definitions for key pharmacogenes, 
which aids automated genotyping from sequence 
data. Using these resources, software such as 
the Pharmacogenomics Clinical Annotation Tool 
(PharmCAT) can take a patient’s variant call file 
(VCF) from NGS and generate a set of star alleles 
and predicted metabolizer phenotypes mapped to 
existing dosing guidelines.

Nevertheless, one of the grand challenges 
is variant interpretation: deciding which genetic 
findings are actionable. Cutting-edge bioinfor-
matics approaches, including machine learning 
models, are being applied to predict the function-
al impact of novel missense mutations or to find 
patterns in large pharmacogenomic datasets. In 
oncology, where tumors are sequenced to guide 
targeted therapies, machine learning and other 
AI techniques help sift through complex somatic 
and germline genomic data to highlight clinically 
relevant mutations [10]. Similarly, in pharmacog-
enomics research, ML methods are being explored 
to integrate multi-omic data (genomic, transcrip-
tomic, metabolomic) and environmental factors 
to predict drug response outcomes better than 
genetics alone [1]. For example, algorithms might 
combine a patient’s polygenic risk scores, lab re-
sults, and medication history to personalize ther-
apy. While many of these approaches are still in 
development, they represent the next wave of in-
novation beyond just generating sequencing data: 
the intelligent interpretation of that data for deci-
sion support.

Clinical utility of 
NGS-guided pharmacotherapy

Demonstrated benefits in patient care
The ultimate measure of any personalized 

therapy tool is its impact on patient outcomes. In re-
cent years, evidence has been mounting that phar-
macogenomic testing can indeed improve clinical 
outcomes, and NGS-based approaches have played 
a key role in these advances. A landmark example 
is the EU-sponsored PREPARE study, a multicenter 
trial that employed a preemptive 12-gene pharma-
cogenetic panel (largely using NGS technologies) 
across thousands of patients in seven European 
countries. The results, published in 2023, showed 
a significant reduction in adverse drug reactions 
(ADRs) among patients whose drug therapy was 
guided by their genotype compared to those receiv-
ing standard care [11]. Specifically, genotype-guided 
prescribing led to fewer clinically relevant ADRs 
(with an odds ratio around 0.7, p<0.01), demonstrat-
ing that upfront knowledge of pharmacogenomic 
variants can translate into safer prescribing on a 
broad scale. Importantly, this benefit was observed 
across diverse healthcare systems and settings, 
underscoring the feasibility of implementing pan-
el-based pharmacogenomics in routine practice 
[11]. Such findings bolster the case for moving away 
from a purely reactive approach (testing only after a 
patient has a problem) to a proactive strategy where 
many patients are genotyped in advance.

Besides safety improvements like ADR reduc-
tion, personalized pharmacotherapy can enhance 
efficacy. One classic example is in anticoagulation 
therapy with warfarin: genotyping CYP2C9 and 
VKORC1 has been shown to improve dose predic-
tion and shorten the time to stable anticoagula-
tion. Similar gains have been reported in oncology, 
where selecting cancer therapies based on tu-
mor genomic profiling (often performed by NGS) 
leads to better response rates for targeted drugs. 
For instance, lung cancer patients whose tumors 
have EGFR mutations (detected by NGS) benefit 
profoundly from EGFR tyrosine kinase inhibitors; 
without sequencing, these patients might have 
been given less effective chemotherapy. While 
tumor sequencing falls under somatic genome 
analysis rather than germline pharmacogenom-
ics, it is a clear demonstration of how sequenc-
ing-guided drug selection improves outcomes. 
Indeed, molecularly targeted cancer therapies – 
guided by genomic testing of tumors – have be-
come emblematic of precision medicine and have 
influenced trends in other fields of therapy [1]. 
In infectious diseases as well, NGS has proved its 
worth: sequencing of HIV and tuberculosis patho-
gens to identify drug resistance mutations is now 
a practical tool to personalize antimicrobial ther-
apy. For example, whole-genome sequencing of 
Mycobacterium tuberculosis can identify nearly all 
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known resistance-conferring mutations to first-
line TB drugs in a matter of days, allowing clini-
cians to tailor antibiotic regimens without lengthy 
culture-based tests [9]. This genome-driven ap-
proach increases the likelihood of treatment suc-
cess and helps prevent the use of ineffective drugs.

Implementation in clinical workflows
The clinical utility of NGS for pharmacother-

apy is tightly linked to effective implementation 
strategies. One approach gaining traction is in-
tegrating pharmacogenomic data into electronic 
health records (EHRs) with clinical decision sup-
port. In practice, this means that once a patient’s 
pharmacogenomic results (from an NGS panel or 
whole-genome sequencing) are available, they are 
stored in a structured format in the EHR. Then, 
when a physician prescribes a known gene inter-
action medication, the system can automatically 
alert or guide the provider based on the patient’s 
genotype to use an alternative drug or modify the 
dose per guidelines. Implementing such decision 
support requires the genetic data and curated 
knowledge linking genetic variants to drug rec-
ommendations, such as CPIC guidelines or similar 
consensus resources [6]. Many institutions have 
piloted this model, often starting with a panel of 
actionable genes (like those affecting antidepres-
sants, analgesics, and cardiology drugs) and grad-
ually expanding. The feedback from early adopters 
indicates that providers find value in having auto-
mated reminders of a patient’s pharmacogenomic 
info at the point of care, which increases adherence 
to personalized prescribing recommendations.

Another key aspect of implementation is de-
ciding when and whom to test. Preemptive panel 
testing (running an NGS-based pharmacogenom-
ic panel on a broad patient population, such as 
all patients in a primary care practice or all new 
hospital admissions) ensures that genetic infor-
mation is on hand before medications are needed. 
This approach was used in the PREPARE study and 
in several U.S. healthcare systems (e.g., the Mayo 
Clinic RIGHT Protocol or the Vanderbilt PREDICT 
program) [11–13]. It contrasts with reactive test-
ing, where a single-gene test is ordered at the 
time of prescribing a specific medication (for in-
stance, testing for DPYD variants when 5-fluoro-
uracil chemotherapy is about to start). Preemptive 
testing via NGS offers efficiency and comprehen-
siveness—one blood sample can yield a multitude 
of results that benefit the patient over a lifetime. 
Studies have shown that a significant portion of 
tested patients will, within a few years, receive a 
medication that has known pharmacogenomic 
guidance, thus justifying the upfront testing cost 
[2]. On the other hand, preemptive testing requires 
infrastructure for sample handling, result storage, 
and ensuring the data remains current with evolv-
ing knowledge. It also raises the question of reim-

bursement, as insurance models are still catching 
up to covering multi-gene preventive genomics. 
Some hybrid strategies involve testing high-risk 
populations or those on polypharmacy first, with 
the highest likelihood of benefiting from pharma-
cogenomic insights.

Applications across therapeutic areas
NGS-driven pharmacogenomics is broadly 

applicable and not confined to a single specialty. 
In psychiatry, pharmacogenetic panels (includ-
ing genes like CYP2D6, CYP2C19, SLC6A4, and 
HLA alleles) are increasingly used to guide anti-
depressant and antipsychotic prescribing. These 
panels often leverage NGS to genotype the high-
ly polymorphic CYP2D6 gene more accurately, as 
standard genotyping panels may miss rare alleles 
or structural variants that are more common in 
certain ethnic populations. The clinical goal is to 
avoid trial-and-error with psychiatric medica-
tions by selecting an option that aligns with the 
patient’s metabolism and receptor genotype pro-
file, thereby improving response and reducing 
side effects. In cardiology, genes such as CYP2C19 
(for clopidogrel metabolism) and SLCO1B1 (for sta-
tin-induced myopathy risk) are frequently includ-
ed in preemptive testing panels; an NGS panel can 
interrogate both simultaneously, which is useful 
in patients undergoing percutaneous coronary 
interventions who will be prescribed dual anti-
platelet therapy and statins. In oncology, as noted, 
tumor sequencing for targeted therapy selection 
is standard of care in many cancers, and germline 
pharmacogenomics also plays a role (for instance, 
testing TPMT and NUDT15 via NGS to guide thi-
opurine dosing in leukemia, or DPYD for fluoro-
pyrimidines in solid tumors). In anesthesiology/
pain management, NGS panels can identify opioid 
metabolism variants or malignant hyperthermia 
susceptibility (RYR1 mutations), contributing to 
safer analgesic use and anesthesia planning. Even 
in fields like hematology or transplant medicine, 
genomic profiling (including HLA allele sequenc-
ing by NGS) ensures drug compatibility and pre-
dicts adverse reactions such as graft-versus-host 
disease or immunosuppressant toxicity.

Challenges and ongoing considerations
Despite clear progress, integrating NGS into 

personalized pharmacotherapy is not without 
challenges. One major issue is the interpretation 
gap: we can sequence more than we currently un-
derstand. There remains a subset of pharmacog-
enomic variants for which we lack definitive clini-
cal guidance. This gap gradually closes as research 
ties more variants to drug outcomes and consen-
sus guidelines expand. For example, the discovery 
of the NUDT15 gene’s role in thiopurine metabo-
lism (crucial for many Asian populations) added a 
new gene to clinical testing panels in recent years, 
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showing how evidence generation can directly 
feed into implementation. Still, functional assays or 
real-world data are needed for many rare variants 
found by sequencing to determine if they should 
influence therapy. Until such data exist, clinical 
laboratories often issue reports that list variants 
of uncertain significance without specific action, 
which can be confusing for clinicians. Developing 
robust frameworks to classify pharmacogenomic 
variants (akin to what is done in clinical genomics 
for disease risk) is an active area of work.

Another challenge is ensuring equitable and 
inclusive implementation. The majority of phar-
macogenomic knowledge to date has been de-
rived from studies in populations of European 
ancestry. NGS is revealing that variants can have 
different frequencies and effects across popula-
tions, and some important drug-gene interactions 
are particularly relevant to non-European groups 
(for instance, G6PD deficiency variants that cause 
hemolysis with certain drugs are prevalent in Afri-
can, Mediterranean, and Southeast Asian popula-
tions). As personalized pharmacotherapy expands, 
it is critical to include diverse populations in re-
search and to tailor reference databases accord-
ingly so that the benefits of NGS-guided treatment 
are available to all groups [1]. This also intersects 
with the need for provider education—clinicians 
worldwide need training to understand pharma-
cogenomic results and trust the recommenda-
tions, which requires culturally competent re-
sources and integration of pharmacogenomics 
into medical curricula.

Cost and reimbursement remain practical 
barriers. While the expense of sequencing has 
dropped dramatically, performing an NGS test 
and interpreting it still incurs a non-trivial cost. 
Health economic studies are being conducted to 
demonstrate the value proposition of preemptive 
testing—if upfront testing prevents expensive ad-
verse events or hospitalizations, payers may be 
more willing to cover it. Some implementations 
have shown reductions in healthcare utilization 
or overall costs with multi-gene panel testing [2], 
especially as re-testing is avoided and drug out-
comes improve. Regulatory aspects are also evolv-
ing: authorities like the FDA and EMA have begun 
to issue guidance on how genomic information 
should be evaluated in drug development and how 
companion diagnostic tests should be validated 
for clinical use. Ensuring that NGS-based tests 
used in practice are accurate and reliable (through 
rigorous analytic validation, proficiency testing, 
and accreditation) is essential for patient safety 
and clinician confidence.

Finally, there are ethical and data management 
considerations. Sequencing can reveal incidental 
findings beyond pharmacogenomics (for example, 
variants associated with hereditary diseases), rais-
ing questions about what should be reported and 

how to counsel patients [14]. Clear consent pro-
cesses and policies must be in place when perform-
ing broad genomic tests for pharmacotherapy. Data 
privacy and security for genetic information are 
other concerns; however, with proper safeguards, 
the clinical community has generally treated ge-
netic data with the same confidentiality as other 
health data. On a practical front, storing raw NGS 
data or large variant files for many patients can 
strain IT infrastructure, so data compression or 
cloud-based storage strategies are being explored 
as institutions scale up their genomics programs.

Conclusion
Next-generation sequencing is redefining 

pharmacotherapy by making treatments more 
personalized and precise. By providing a detailed 
view of a patient’s genetic profile, NGS helps cli-
nicians predict how an individual will respond to 
specific drugs—even before treatment begins. Ad-
vances such as multi-gene panels, improved de-
tection of complex variants, and clinical informat-
ics tools are already reducing adverse reactions 
and guiding more effective therapy decisions, 
gradually replacing trial-and-error prescribing 
with genomically informed care.

Several challenges must still be addressed to 
fully realize this potential. Continued research is 
needed to expand the catalog of validated phar-
macogenomic markers, especially in underrepre-
sented populations. Technological improvements 
aim to make sequencing faster, more affordable, 
and suitable for use in acute care settings. Just as 
importantly, the healthcare system must adapt by 
investing in provider education, clear clinical pro-
tocols, and infrastructure to support integrating 
genomic data into daily practice.

The foundation is firmly in place: genom-
ic information has been shown to improve drug 
outcomes. The next step is to broadly scale these 
benefits, streamline interpretation, and embed 
genomic insights into clinical workflows. With 
careful implementation, NGS will increasingly en-
able clinicians to choose the safest and most ef-
fective medications for each patient—bringing the 
vision of personalized medicine in pharmacother-
apy closer to everyday reality.
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