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INTRODUCTION

1.1. Overview of ageing and age-related diseases

Ageing is a natural, gradual, and irreversible decline 

in physiological homeostasis and organismal fitness 

that occurs due to progressive changes in cells, tis-

sues, and organs, and is associated with an increased 

risk  of  chronic  and  noncommunicable  diseases 

(NCDs), reduced quality of life, increased healthcare 

costs,  and  premature  mortality  worldwide  [1].  In-

creased life expectancy resulting from improvements 

in medical  care,  vaccination,  and hygiene has also 

contributed  to  a  higher  prevalence  of  age-related 

NCDs  [2].  These  diseases  include  cardiovascular 

diseases,  neurodegenerative  disorders,  cancer,  im-

mune-system  disorders,  eye  diseases,  and  muscu-

loskeletal conditions, with common examples being 

coronary artery disease, hypertension, heart failure, 

type II diabetes mellitus, cancer, Alzheimer’s disease, 

Parkinson’s  disease,  dementia,  chronic  obstructive 

pulmonary disease, osteoporosis, osteoarthritis, glau-

coma, and age-related macular degeneration [3]. In 

older and particularly frail individuals, responses to 

medicines and adverse drug reactions can vary con-

siderably, while some adverse effects may be mis-

taken  for  normal  age-related  changes,  potentially 

increasing the risk of further complications [4–6]. At 

the  cellular  level,  ageing  is  associated  with  im-

munosenescence, characterized by thymic involution, 

accumulation of  memory or  exhausted T cells,  re-

duced T-cell receptor diversity, and chronic low-grade 

inflammation known as inflammaging [8]. Ageing is 

therefore considered a multidimensional process in-

volving biological, psychological, social, emotional, 

and cultural aspects, with quality of life and wellbeing 

being important considerations in healthy ageing [10

–12].  Furthermore,  molecular  processes  involving 

oxysterols and advanced glycation end products may 

contribute to age-related disease development. Oxys-

terols  such  as  7-ketocholesterol  (7KC)  and  7β-hy-

droxycholesterol can promote inflammation, reactive 

oxygen species production, apoptosis, and damage to 

cellular organelles, thereby contributing to the patho-

physiology associated with ageing [13].

1.2.  Biological Therapies for Age-Related Diseases

Biological therapies have emerged as important ap-

proaches for managing age-related diseases because 
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they can target specific molecular, cellular, and tissue-

level mechanisms underlying ageing. Unlike conven-

tional small-molecule therapies, biological interven-

tions  can  modulate  immune  responses,  replace  or 

repair damaged cells, alter disease-associated signal-

ing pathways, or promote tissue regeneration. These 

approaches are particularly relevant to age-associated 

disorders such as neurodegenerative diseases, cardio-

vascular  diseases,  osteoarthritis,  diabetes,  fibrosis, 

and  age-related  immune  dysfunction.  Current  re-

search includes monoclonal antibodies, gene and cell 

therapies, cytokine-based interventions, tissue engi-

neering,  and  therapeutic  vaccines,  although  many 

approaches remain under preclinical or early clinical 

investigation. 

Monoclonal antibodies represent a targeted biologi-

cal approach in which antibodies are designed to rec-

ognize  specific  proteins,  receptors,  or  pathological 

molecules.  In  age-related  diseases,  antibody-based 

strategies can potentially interfere with disease-asso-

ciated pathways, pathological protein accumulation, 

chronic inflammation, or cellular senescence. Their 

high target specificity makes them attractive for pre-

cision treatment, although factors such as immuno-

genicity, tissue penetration, cost, and long-term safety 

remain important considerations. Advances in anti-

body  engineering,  including  humanized  and  fully 

human antibodies, have further improved their thera-

peutic potential [14]. 

Gene therapy aims to modify genetic information or 

cellular gene expression to correct disease-associated 

abnormalities or enhance protective and regenerative 

pathways.  In  age-related  disorders,  gene-based  ap-

proaches  are  being  investigated  for  conditions  in-

volving  neurodegeneration,  tissue  degeneration, 

metabolic  dysfunction,  and  impaired  regeneration. 

Gene therapy may involve replacing defective genetic 

material, regulating pathogenic genes, or introducing 

genes  encoding  therapeutic  proteins.  However,  the 

complexity  of  ageing,  tissue-specific  delivery  re-

quirements, immune responses, and the need for pre-

cise long-term control remain important barriers to 

clinical translation [15].

Stem cell and cell therapies provide another regen-

erative strategy by replacing damaged cells or modi-

fying the tissue environment through paracrine and 

immunomodulatory effects. Ageing is associated with 

reduced  stem-cell  regenerative  capacity  and  alter-

ations in stem-cell  niches,  which contribute to im-

paired tissue maintenance and repair. Consequently, 

stem-cell-based interventions are being investigated 

for regeneration of neural, muscular, cardiovascular, 

and  other  tissues  affected  by  ageing.  Induced 

pluripotent stem cells (iPSCs) have also enabled pa-

tient-derived models of diseases such as Parkinson’s 

and Alzheimer’s disease and may provide opportuni-

ties  for  future  cell-replacement  approaches.  Never-

theless,  challenges  involving  differentiation, 

engraftment, immune compatibility, genomic stabil-

ity, and potential abnormal tissue formation must be 

addressed [16]. 

Cytokine therapy seeks to modulate cellular com-

munication and immune responses by using cytokines 

or engineered cytokine-based therapeutics.  Because 

ageing is accompanied by chronic low-grade inflam-

mation,  immune  dysfunction,  and  altered  cytokine 

signaling,  targeted manipulation  of  these  pathways 

may help restore immune balance and tissue home-

ostasis. Engineering approaches are being developed 

to improve cytokine stability, targeting, biodistribu-

tion, and therapeutic specificity while reducing sys-

temic  adverse  effects.  Such  strategies  may  be 

particularly relevant to inflammageing and age-asso-

ciated immune dysfunction,  although achieving se-

lective  activity  in  aged  tissues  remains  a  major 

challenge [17].

Tissue engineering approaches combine cells, bio-

materials,  extracellular-matrix  components,  and 

bioactive signals to restore or reconstruct damaged 

tissues. These approaches are particularly relevant to 

age-related  loss  of  tissue  integrity  because  ageing 

alters  extracellular-matrix  composition,  mechanical 

properties,  vascularization,  cellular  function,  and 

regenerative capacity. Advanced biomaterials, engi-

neered extracellular matrices, organoids, and micro-

physiological  systems  can  provide  controlled 

environments for studying aged tissues and develop-

ing  regenerative  therapies.  Recent  bioengineering 

approaches also emphasize the use of ECM-mimick-

ing materials and engineered tissue environments to 

investigate and potentially  modulate age-associated 

tissue dysfunction [18]. 
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Figure 1: Classification of Biological Therapies Used in Age- Related Disease

Therapeutic vaccines represent an emerging biolog-

ical  strategy  for  targeting  disease-associated  mole-

cules or senescent cells rather than simply preventing 

infection.  Vaccine-based  approaches  have been  in-

vestigated for several age-related conditions, includ-

ing  Alzheimer’s  disease,  atherosclerosis, 

osteoarthritis, fibrosis, metabolic disease, and cancer. 

Of particular interest are vaccines designed to recog-

nize antigens associated with senescent cells, poten-

tially  facilitating  their  immune-mediated  clearance 

and  reducing  the  pathological  effects  of  cellular 

senescence. However, the efficacy, specificity, dura-

bility, and long-term safety of these approaches re-

quire further validation, particularly in human clinical 

studies [18].

1.3. Importance of Pharmacovigilance for Biolog-

ics

Pharmacovigilance is particularly important for bio-

logical  therapies  because  biologics  are  complex, 

structurally  heterogeneous  products  whose  safety 

profiles  may be  influenced by  their  manufacturing 

processes, formulation, route of administration, im-

munogenicity, and patient-specific factors [21]. Un-

like  many  conventional  small-molecule  medicines, 

biologics  can  induce  immune-mediated  reactions, 

including anti-drug antibody formation, hypersensi-

tivity reactions, cytokine-mediated effects, and loss of 

therapeutic response. These adverse events may be 

uncommon or may become evident only after wide-

spread clinical use. Therefore, continuous monitoring 

throughout the product life cycle is essential to iden-

tify rare or delayed adverse events, evaluate benefit–

risk profiles, and detect safety signals. Pharmacovig-

ilance is also important for biosimilars because even 

highly similar products may require continued post-

marketing monitoring to characterize their safety in 

real-world populations. Effective pharmacovigilance 

consequently supports safer use of biologics and helps 
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healthcare professionals make informed therapeutic 

decisions [20].

1.4. Aim and Scope of the Review

The aim of this review is to provide a comprehensive 

overview  of  the  pharmacovigilance  of  biological 

therapies, with emphasis on their safety monitoring, 

adverse  drug  reactions,  immunogenicity,  risk-man-

agement strategies, and post-marketing surveillance. 

The  review  covers  major  biological  therapeutic 

classes, including monoclonal antibodies, gene thera-

pies,  stem-cell  and  other  cell-based  therapies,  cy-

tokine  therapies,  tissue-engineered  products,  and 

therapeutic vaccines. It further discusses the unique 

safety challenges associated with biologics, methods 

for detecting and evaluating safety signals, the role of 

spontaneous reporting and real-world evidence, and 

regulatory  approaches  for  monitoring  biological 

products.  Particular  attention  is  given  to  emerging 

biological therapies used in age-related diseases and 

the challenges of long-term safety monitoring in age-

ing populations. The review also highlights current 

gaps and future opportunities for strengthening phar-

macovigilance  through  advanced  surveillance  sys-

tems, data integration, and innovative approaches to 

benefit–risk assessment.

2. Age-Related Diseases and Biological Therapies

Ageing  is  associated  with  progressive  changes  in 

immune function, cellular repair, tissue regeneration, 

metabolism, and inflammatory signaling, which in-

crease the risk of several chronic diseases. Rheuma-

toid arthritis, osteoporosis, Alzheimer’s disease, age-

related  macular  degeneration  (AMD),  cancer,  and 

other  inflammatory  and  autoimmune  disorders  are 

particularly  important  health  conditions  in  older 

adults (Table 1). Biological therapies have introduced 

targeted approaches for managing these diseases by 

acting on specific molecular pathways, immune me-

diators,  pathological proteins, or cellular processes. 

Monoclonal antibodies, immune-modulating agents, 

anti-VEGF  therapies,  bone-targeted  biologics,  and 

emerging cell- and gene-based therapies can provide 

disease-specific  therapeutic  effects.  However,  age-

related  immune alterations,  multiple  comorbidities, 

polypharmacy, and increased susceptibility to infec-

tions and adverse reactions make the safety and mon-

itoring of biological therapies especially important in 

older populations. This section discusses the major 

age-related diseases and the biological therapies cur-

rently used or being investigated for their manage-

ment.

2.1 Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic autoimmune 

inflammatory  disease  whose  management  becomes 

particularly complex in older adults because of im-

munosenescence, multimorbidity, polypharmacy, and 

increased susceptibility to infections. Biological dis-

ease-modifying  antirheumatic  drugs  (bDMARDs), 

including  tumor  necrosis  factor  (TNF)  inhibitors, 

interleukin-6  (IL-6)  receptor  inhibitors,  B-cell-de-

pleting agents, and T-cell co-stimulation modulators, 

provide targeted suppression of  pathogenic inflam-

matory pathways [21-22]. Evidence from studies in 

older patients indicates that biological therapies can 

provide  meaningful  control  of  disease  activity,  al-

though  treatment  selection  and  monitoring  require 

consideration of comorbidities and infection risk [23–

24].

2.2 Osteoporosis

Osteoporosis is a major age-associated skeletal disor-

der characterized by reduced bone strength and in-

creased susceptibility to fractures [25-27]. Biological 

therapies  have  expanded  treatment  options  beyond 

conventional  antiresorptive  drugs.  Denosumab,  a 

fully  human  monoclonal  antibody  against  receptor 

activator of nuclear factor-κB ligand (RANKL), in-

hibits osteoclast formation and activity and improves 

bone  mineral  density  while  reducing  fracture  risk. 

Osteoanabolic biological approaches, including teri-

paratide, abaloparatide, and romosozumab, stimulate 

bone formation and are particularly investigated for 

individuals at very high fracture risk [28-31]. In older 

populations,  these  therapies  require  individualized 

assessment  because  comorbidities,  treatment  dura-

tion, cardiovascular considerations,  and appropriate 

sequential therapy can influence their use [32–34].

2.3 Alzheimer's Disease

Alzheimer's disease (AD) is a progressive neurode-

generative  disorder  predominantly  affecting  older 

adults and is associated with accumulation of amy-

loid-β and pathological changes involving tau [35-38]. 

Recent biological therapies have focused particularly 

on monoclonal antibodies directed against amyloid-β, 

including lecanemab and donanemab. These agents 

promote  removal  of  amyloid  pathology  and  have 
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demonstrated statistically significant slowing of cog-

nitive and functional decline in selected patients with 

early symptomatic AD. However, their clinical use 

requires careful patient selection and monitoring be-

cause treatment-associated amyloid-related imaging 

abnormalities (ARIA) and other adverse events can 

occur. Consequently, biomarker confirmation, imag-

ing surveillance,  and assessment  of  individual  risk 

factors are important components of treatment with 

these biological agents [39–40]

2.4 Age-Related Macular Degeneration

Age-related macular degeneration (AMD) is a com-

mon age-associated retinal disorder and an important 

cause of visual impairment in older adults. Biological 

therapy has substantially changed the management of 

neovascular  AMD,  particularly  through  intravitreal 

administration  of  anti-vascular  endothelial  growth 

factor  (anti-VEGF)  agents  such  as  ranibizumab, 

aflibercept, and related therapies [41-43]. By inhibit-

ing VEGF-mediated vascular leakage and abnormal 

choroidal  neovascularization,  these agents  can pre-

serve or improve vision in many patients. Biological 

approaches are also expanding toward complement-

system modulation and gene- and cell-based thera-

pies, particularly for geographic atrophy [44]. Despite 

these  advances,  repeated  administration,  variable 

treatment  response,  retinal  complications,  and  the 

need for long-term monitoring remain important con-

siderations [45–48].

2.5 Cancer in Older Adults

Cancer  represents  a  major  health  burden  in  older 

adults, while ageing-associated changes in immunity, 

organ function, comorbidities, and frailty can influ-

ence treatment tolerance [49-51]. Biological therapies 

have  become  an  important  component  of  modern 

cancer treatment and include monoclonal antibodies, 

immune checkpoint inhibitors, cytokine-based thera-

pies, cancer vaccines, oncolytic viruses, and cellular 

therapies such as CAR-T-cell therapy [52]. Immune 

checkpoint  inhibitors  targeting  pathways  such  as 

PD-1/PD-L1 and CTLA-4 can restore antitumor im-

mune responses and are used across several malig-

nancies  [53].  In  older  adults,  available  evidence 

suggests that age alone does not necessarily preclude 

immunotherapy; however, frailty, comorbidities, im-

mune  ageing,  and  immune-related  adverse  events 

require careful assessment [54].

2.6 Other Inflammatory and Autoimmune Disor-

ders

Other inflammatory and autoimmune disorders that 

become clinically important in older adults include 

psoriasis, psoriatic arthritis, inflammatory bowel dis-

ease,  systemic lupus erythematosus,  vasculitis,  and 

several  immune-mediated  dermatological  and 

rheumatological conditions [55-57]. Biological ther-

apies provide targeted modulation of disease-associ-

ated immune pathways, including TNF, IL-6, IL-17, 

IL-23,  B-cell,  and  T-cell  signaling.  B-cell-directed 

therapies,  for  example,  have  become  important  in 

several  autoimmune diseases  because  B  cells  con-

tribute to autoantibody production, antigen presenta-

tion, and inflammatory signaling [58,59]. However, 

biological treatment in older patients requires careful 

consideration of infection susceptibility, vaccination 

status, comorbidities, polypharmacy, and age-related 

changes in immune function [60].

Table 1: Age-Related Diseases and Biological Therapies

Sr. 
No.

Age-related 
disease

Biological therapy Examples
Main target/mecha-

nism
Major thera-

peutic role

1
Rheumatoid 

arthritis
Monoclonal antibodies

Adalimumab, 
Tocilizumab

TNF-α, IL-6 inhibi-
tion

Reduces in-
flammation

2 Osteoporosis Monoclonal/biologic agents
Denosumab, Ro-

mosozumab
RANKL inhibition, 
sclerostin inhibition

Reduces bone 
loss/fractures

3
Alzheimer’s 

disease
Monoclonal antibodies

Lecanemab, Do-
nanemab

Amyloid-β clearance
Slows disease 
progression

4 AMD Anti-VEGF therapy
Ranibizumab, 

Aflibercept
VEGF inhibition

Reduces abnor-
mal angiogene-

sis

5 Cancer Immunotherapy/antibodies
Pembrolizumab, 

Nivolumab
PD-1/PD-L1 blockade

Enhances anti-
tumor immunity

6
Autoimmune 

disorders
Biologic DMARDs

Rituximab, Inflix-
imab

B-cell/TNF-α inhibi-
tion

Controls au-
toimmune in-
flammation
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Abbreviations:

AMD, age-related macular degeneration; TNF, tumor 

necrosis  factor;  IL,  interleukin;  RANKL,  receptor 

activator of nuclear factor-κB ligand; VEGF, vascular 

endothelial  growth  factor;  PD-1,  programmed  cell 

death protein-1.

3. Pharmacovigilance of Biological Therapies

3.1  Definition  and  Objectives  of  Pharmacovigi-

lance

Pharmacovigilance refers to the science and activities 

concerned  with  the  detection,  assessment,  under-

standing, and prevention of adverse effects or other 

medicine-related problems. For biological therapies, 

pharmacovigilance is particularly important because 

biologics are complex products whose safety can be 

influenced  by  molecular  structure,  manufacturing 

processes, immunogenicity, formulation, and patient 

characteristics. The major objectives include identi-

fying  previously  unrecognized  adverse  reactions, 

evaluating  the  benefit–risk  balance,  characterizing 

safety signals, preventing avoidable harm, and sup-

porting  regulatory  and  clinical  decision-making. 

Continuous safety monitoring is especially important 

for  biologics  used  in  older  adults  because  ageing, 

comorbidities,  polypharmacy,  and  altered  immune 

responses may influence treatment safety.

3.2 Adverse Drug Reaction (ADR) Monitoring

ADR  monitoring  is  a  fundamental  component  of 

pharmacovigilance  and  involves  systematic  collec-

tion,  assessment,  documentation,  and evaluation of 

suspected adverse reactions associated with biological 

therapies.  Biologic-related  adverse  reactions  may 

include infusion or injection-site reactions, hypersen-

sitivity,  infections,  organ-specific  toxicity,  cardio-

vascular  events,  neurological  effects,  and immune-

mediated reactions. Monitoring can involve sponta-

neous ADR reporting,  clinical  studies,  patient  reg-

istries,  electronic  health  records,  and  real-world 

evidence. Early recognition and evaluation of serious 

or  unexpected  reactions  can  facilitate  appropriate 

clinical intervention and contribute to regulatory ac-

tions such as updated prescribing information, addi-

tional monitoring requirements, or risk-minimization 

measures (Table 2).

Table 2: Major Components of ADR Monitoring

Sr. No. Components Short description

1 ADR Detection
Identification of suspected ADRs through reports, clinical practice, and 

surveillance systems [68].

2 ADR Documentation
Recording patient details, biologic, dose, reaction, and relevant clinical 

information.

3 Causality Assessment Evaluating the likelihood that the biologic caused the ADR.

4 Severity & Seriousness Determining the intensity and clinical significance of the reaction.

5 ADR Reporting
Reporting suspected ADRs to pharmacovigilance systems and regulatory 

authorities.

6 Signal Detection Identifying new or unexpected patterns of adverse events.

7
Follow-up & Risk Manage-

ment
Monitoring outcomes and implementing measures to reduce identified 

risks.

3.2.1. Methods of ADR Monitoring

1. Spontaneous Reporting: Spontaneous reporting 

is one of the most widely used methods of post-

marketing ADR surveillance. Healthcare profes-

sionals and patients voluntarily report suspected 

adverse reactions to pharmacovigilance systems. 

This approach is particularly useful for identify-

ing  rare,  unexpected,  and  previously  unrecog-

nized adverse reactions associated with biological 

therapies [61].

2. Active Surveillance: Active surveillance system-

atically seeks information about adverse events 

rather than relying only on voluntary reports. It 

involves regular follow-up of patients receiving 

biological therapies and may include cohort event 

monitoring,  targeted  clinical  surveillance,  and 

systematic data collection [62].

3.  Electronic  Health-Record  Monitoring: Elec-

tronic health records (EHRs) and other routinely 

collected  healthcare  data  can  be  analyzed  to 

identify suspected ADRs and evaluate the safety 

of  biological  therapies  in  large patient  popula-

tions. This approach can facilitate the detection of 

safety  patterns  that  may  not  be  apparent  from 

individual reports [62].
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4.  Prescription-Event  Monitoring: Prescription-

event monitoring follows patients who receive a 

particular biological therapy and collects infor-

mation  about  clinical  events  occurring  during 

treatment. It  can provide useful information on 

the  safety  profile  of  medicines  under  routine 

clinical conditions [61].

5. Registries and Sentinel Surveillance: Disease-

specific  or  medicine-specific  registries  collect 

structured information about patients, treatments, 

and adverse events over time. Sentinel surveil-

lance uses selected healthcare centers or sites to 

monitor specific safety concerns and can support 

early identification of important ADRs associated 

with biological therapies [63].

Figure 2: ADR Reporting Process for Biologics

3.2.2. Importance of ADR Monitoring in Elderly 

Patients

ADR monitoring is particularly important in elderly 

patients because ageing is associated with physiolog-

ical  changes  that  can  alter  the  pharmacokinetics, 

pharmacodynamics, and immune response to biolog-

ical therapies. Older adults commonly have multiple 

chronic diseases and may receive several medicines 

simultaneously,  increasing  the  possibility  of  drug 

interactions and adverse events. In addition, age-re-

lated changes in renal and hepatic function may affect 

drug exposure, while immunosenescence can influ-

ence susceptibility to infections and immune-medi-

ated reactions. ADRs may also present atypically in 

elderly  patients  and  can  be  difficult  to  distinguish 

from symptoms of existing diseases (Table 3).

For biological therapies, careful ADR monitoring is 

therefore essential for early detection of serious or 

unexpected reactions, assessment of immunogenicity, 

prevention  of  complications,  and  optimization  of 

treatment.  Regular  clinical  follow-up,  medication 

review,  laboratory  investigations,  patient/caregiver 

reporting,  and  appropriate  documentation  can  im-

prove  the  recognition  and  management  of  ADRs. 

Pharmacovigilance in elderly populations ultimately 

supports individualized treatment decisions and helps 

maintain an appropriate benefit–risk balance during 

long-term biological therapy.
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Table 3: Common Adverse Drug Reactions Associated with Biological Therapies

Biological Therapy/Class
Common Adverse Drug Reac-

tions
Important/Serious Reactions

Monoclonal antibodies
Injection-site reactions, headache, 

fatigue, fever
Severe hypersensitivity, infections, cytokine-release 

reactions

Anti-TNF agents
Injection-site reactions, headache, 

nausea
Serious infections, tuberculosis reactivation, heart 

failure exacerbation

Anti-IL-6 agents
Headache, infusion reactions, hy-

pertension
Serious infections, liver abnormalities, gastrointesti-

nal complications

Anti-CD20 antibodies
Infusion reactions, fever, chills, 

fatigue
Severe infections, hepatitis B reactivation, progres-

sive multifocal leukoencephalopathy

Recombinant proteins
Flu-like symptoms, fatigue, 

headache
Hypersensitivity reactions, antibody formation

Cytokines and growth 
factors

Fever, chills, muscle pain, injec-
tion-site reactions

Severe inflammatory reactions, cardiovascular com-
plications

Bone-modifying biologics
Musculoskeletal pain, fatigue, in-

jection-site reactions
Hypocalcemia, osteonecrosis of the jaw, atypical 

fractures

Anti-VEGF therapies
Eye irritation, headache, hyperten-

sion
Thromboembolic events, severe hypertension, car-

diovascular events

Cell-based therapies Fever, fatigue, local reactions
Immune reactions, infections, cytokine-related toxi-

city

Gene-based therapies
Fever, headache, fatigue, inflam-

matory reactions
Immune-mediated reactions, organ toxicity, serious 

inflammatory responses

3.3 Immunogenicity of Biologics

Immunogenicity refers to the ability of a biological 

product to induce an immune response in the recipi-

ent.  Patients  receiving biologics may develop anti-

drug antibodies (ADAs), which can alter drug phar-

macokinetics,  reduce  therapeutic  effectiveness,  or 

contribute to hypersensitivity and other immune-me-

diated  adverse  reactions  [64].  The  degree  of  im-

munogenicity varies according to the structure and 

characteristics of the biologic, route and duration of 

administration, impurities or aggregates, manufactur-

ing processes, and patient-related factors. Therefore, 

assessment of immunogenicity is an important part of 

biological-product safety evaluation and may involve 

monitoring ADA development as well as its potential 

effect on efficacy and safety [65-68].

3.4 Signal Detection and Risk Management

Signal  detection  involves  identifying  information 

suggesting a possible new causal association between 

a biological therapy and an adverse event that requires 

further  investigation.  Pharmacovigilance  databases, 

spontaneous reports, clinical data, registries, and real-

world evidence can be analyzed to identify patterns or 

increases in specific adverse events [69]. Once a po-

tential safety signal is identified, it is evaluated using 

clinical,  epidemiological,  and pharmacological  evi-

dence to determine its significance. Risk management 

then involves strategies designed to minimize identi-

fied  risks  while  maintaining  therapeutic  benefits. 

These may include additional warnings, contraindi-

cations, monitoring recommendations, restricted-use 

programs,  healthcare-professional  education,  and 

patient information [70,71].

3.5 Post-Marketing Surveillance

Post-marketing surveillance (PMS) refers to the sys-

tematic monitoring of biological therapies after regu-

latory  approval  and  their  introduction  into  routine 

clinical practice [72-73]. It complements pre-market-

ing clinical  trials,  which may not  detect very rare, 

delayed,  or  population-specific  adverse  reactions 

because of limited sample sizes, restricted study pop-

ulations, and relatively short follow-up periods. PMS 

is particularly important for biologics because of their 

complex  structures,  potential  immunogenicity,  and 

possibility of long-term or immune-mediated adverse 

effects [74].

After approval, biological therapies are used in larger 

and more diverse populations, including elderly pa-

tients  with multiple comorbidities  and concomitant 

medications  [75].  This  provides  an  opportunity  to 

identify safety issues that may not have been evident 

during  clinical  development.  Post-marketing  moni-

toring can provide information on long-term safety, 

treatment effectiveness, immunogenicity, rare ADRs, 

and changes in the benefit–risk profile [76]. Table 4 
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describes  various  methods  of  Post-Marketing  Sur-

veillance for Biological Therapies.

3.5.1. Major Components of Post-Marketing Sur-

veillance [77-80]

1.  Spontaneous  ADR  Reporting: Collection  of 

suspected adverse reactions from healthcare pro-

fessionals, patients, and manufacturers. 

2.  Active  Surveillance: Systematic  follow-up  of 

patients receiving specific biological therapies to 

identify adverse events. 

3.  Electronic  Health  Records  and  Real-World 

Data: Analysis of routinely collected healthcare 

data to detect safety patterns in large populations. 

4.  Patient  and  Product  Registries: Long-term 

monitoring  of  treatment  outcomes,  adverse 

events, and immunogenicity. 

5. Signal Detection: Identification and evaluation of 

new or unexpected safety patterns. 

6. Biosimilar Surveillance: Continuous assessment 

of the safety and immunogenicity of biosimilars 

during routine use. 

7. Risk Management: Implementation of appropri-

ate  measures  such  as  additional  monitoring, 

warnings, contraindications, or treatment modifi-

cations. 

8. Long-Term Follow-up: Particularly important for 

biological therapies such as  gene therapy and 

cell-based therapies, where adverse effects may 

occur months or years after treatment. 

3.5.2. Importance in Elderly Patients

PMS is especially important in elderly patients be-

cause  polypharmacy,  multimorbidity,  altered  renal 

and  hepatic  function,  immunosenescence,  and  in-

creased susceptibility to infections can influence the 

safety of biological therapies. Real-world surveillance 

helps identify adverse reactions in older populations 

who may be underrepresented in clinical trials and 

supports individualized treatment and risk-minimiza-

tion strategies.

Table 4: Methods of Post-Marketing Surveillance for Biological Therapies [81-83]

Sr. No. PMS Method Application in Biological Therapies

1 Spontaneous ADR Reporting
Collection of suspected ADRs from healthcare professionals, pa-

tients, and manufacturers.

2
Individual Case Safety Reports (IC-

SRs)
Detailed assessment and documentation of individual adverse-event 

cases.

3 Signal Detection Identification of new, unexpected, or changing safety risks.

4 Periodic Safety Reports Continuous evaluation of accumulated safety information.

5
Post-Authorization Safety Studies 

(PASS)
Investigation of specific safety concerns in real-world populations.

6 Patient Registries Long-term monitoring of patients receiving biological therapies.

7 Electronic Health Records
Identification and evaluation of safety outcomes during routine clin-

ical practice.

3.5.3. Workflow of Pharmacovigilance for Biolog-

ical Therapies

1. Data Collection: Pharmacovigilance begins with 

the  collection  of  safety  information  related  to 

biological  therapies.  Data  are  obtained  from 

spontaneous adverse drug reaction (ADR) reports 

from healthcare professionals and patients, clini-

cal trials, post-marketing studies, scientific liter-

ature, patient registries, electronic health records, 

and manufacturer safety databases. These sources 

help identify possible adverse events associated 

with biological products.

2. Case Intake and Initial Assessment: The col-

lected safety reports are reviewed to determine 

whether the case contains sufficient information 

for further evaluation. Important details such as 

the biological product, indication, suspected ad-

verse reaction, patient information, seriousness, 

and expectedness of the event are assessed. Stan-

dardized medical terminology such as MedDRA 

may be used for coding and classification.

3. Causality Assessment: Causality assessment de-

termines  whether  the adverse event  is  likely to  be 

related to the biological therapy. Factors such as the 

time relationship between treatment  and the event, 

patient medical history, alternative causes, and infor-

mation from dechallenge or rechallenge are consid-

ered.  The event  may subsequently  be classified  as 
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certain, probable, possible, or unlikely to be related to 

the therapy.

4. Signal Detection and Evaluation: Safety data-

bases are continuously analyzed to identify new 

or increasing safety signals. Statistical methods 

such as  Reporting Odds  Ratio  (ROR),  Propor-

tional Reporting Ratio (PRR), and Bayesian ap-

proaches  may  be  used.  Identified  signals  are 

further evaluated by medical and pharmacovigi-

lance experts to determine their clinical signifi-

cance and potential impact on patients.

5.  Regulatory Reporting: Important  safety infor-

mation is reported to the appropriate regulatory 

authorities  according  to  applicable  regulations. 

This may include Individual Case Safety Reports 

(ICSRs), serious adverse event reports, and peri-

odic safety reports such as PSURs or PBRERs. 

Regulatory reporting ensures that authorities re-

ceive  timely  information  about  potential  risks 

associated with biological therapies.

6. Risk Management and Communication: When 

a significant safety risk is identified, appropriate 

risk-management  measures  are  implemented. 

These may include updating product labeling or 

prescribing information, issuing safety commu-

nications,  introducing  risk-minimization  mea-

sures, and educating healthcare professionals and 

patients. The main objective is to minimize po-

tential  harm  while  maintaining  the  therapeutic 

benefits of the biological therapy.

7. Follow-up and Ongoing Monitoring: Pharma-

covigilance continues throughout the lifecycle of 

a  biological  therapy.  Additional  cases  are  col-

lected and followed up, while patient registries, 

post-marketing  studies,  pharmacoepidemiologi-

cal studies, and real-world evidence are used to 

monitor long-term safety. The benefit–risk profile 

of the therapy is reassessed as new information 

becomes available.

8. Continuous Improvement: The final stage in-

volves incorporating new safety information into 

the pharmacovigilance system. Safety databases, 

risk-management  plans,  monitoring  strategies, 

and product information may be updated when 

necessary.  The  information  obtained  through 

continuous monitoring contributes to regulatory 

decisions and helps improve the safe and effective 

use of biological therapies (Figure 3).
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Figure 3: Workflow of Pharmacovigilance for Biological Therapies

4. Challenges in Pharmacovigilance of Biologics

4.1 Under-reporting of ADRs

Under-reporting remains  a  major  challenge in  bio-

logical-therapy  pharmacovigilance.  Healthcare  pro-

fessionals and patients may fail to report suspected 

adverse reactions because of lack of awareness, un-

certainty about causality, time constraints, or incom-

plete  knowledge  of  reporting  procedures.  Under-

reporting  can  delay  the  recognition  of  important 

safety signals, particularly for rare or delayed reac-

tions [84].

4.2 Long-term Safety Concerns

Many biological  therapies  require  prolonged  treat-

ment, while some newer products have limited long-

term safety data. Delayed adverse events, persistent 

immunogenicity,  secondary infections,  malignancy-

related concerns, or other effects may become appar-

ent only after extended exposure. Long-term follow-

up is therefore important for establishing the complete 

safety profile of biologics [85].

4.3 Polypharmacy in Elderly Patients

Polypharmacy  is  common  among  elderly  patients 

because of multiple chronic diseases. The concurrent 

use  of  biological  therapies  with  conventional 

medicines  can  complicate  ADR  identification  and 

may increase the risk of  drug–drug interactions  or 

additive adverse effects. Differentiating an ADR from 

symptoms caused by underlying diseases can also be 

difficult in this population [86].

4.4 Medication Errors

Medication  errors  involving  biologics  may  occur 

during prescribing, dispensing, preparation, adminis-

tration, storage, or monitoring. Errors in product se-

lection,  dosage,  route,  administration  schedule,  or 

handling can lead to treatment failure or adverse out-

comes.  Accurate product  identification,  appropriate 

documentation, healthcare-professional training, and 
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clear administration protocols are important for mini-

mizing these errors [87].

4.5 Biosimilars and Interchangeability

The increasing use of biosimilars creates additional 

pharmacovigilance  requirements  because  biologics 

are complex products and minor differences in man-

ufacturing can potentially influence their characteris-

tics. Accurate identification of the specific biological 

product  is  important when reporting ADRs so that 

safety signals can be appropriately attributed. Moni-

toring  is  also  required  when  patients  are  switched 

between reference biologics  and biosimilars  or  be-

tween different biosimilars [88].

Figure 4: Challenges in Pharmacovigilance of Biologics

5. Recent Advances in Pharmacovigilance

5.1 Digital Pharmacovigilance

 Digital technologies are increasingly being used 

to  improve  the  speed,  accessibility,  and  effi-

ciency of ADR reporting.

 Mobile  applications,  electronic  reporting  plat-

forms,  automated  case  processing,  and  digital 

health records facilitate rapid collection of safety 

information.

 Digital systems can reduce manual data entry and 

improve communication between healthcare pro-

fessionals, patients, and pharmacovigilance cen-

ters [89].

5.2 Artificial Intelligence in ADR Monitoring

 Artificial intelligence (AI) and machine-learn-

ing  techniques can  analyze  large  volumes  of 

clinical  and pharmacovigilance data to identify 

potential safety signals.
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 Natural-language  processing  can  extract  ADR 

information from electronic health records, sci-

entific literature, and clinical narratives.

 AI-based approaches may assist in case classifi-

cation, duplicate detection, causality assessment, 

and signal prioritization.

 Human review remains important for validating 

clinically relevant signals [90].

5.3 Real-World Evidence

 Real-world evidence (RWE) is  obtained from 

electronic health records,  insurance claims,  pa-

tient registries,  observational studies,  and other 

routine healthcare data.

 RWE enables assessment of biological therapies 

in broader populations, including elderly patients, 

individuals with multiple comorbidities, and pa-

tients receiving multiple medicines.

 It can complement clinical-trial evidence by pro-

viding  information  on  long-term  safety,  effec-

tiveness,  treatment  patterns,  and  uncommon 

adverse events [91].

5.4 Global Pharmacovigilance Databases

 International  databases  allow adverse-event  in-

formation  to  be  collected  and  analyzed  across 

different countries and healthcare systems.

 Global data increase the ability to identify rare 

and unexpected safety signals  that  may not  be 

detectable within an individual country.

 Collaboration  among  regulatory  authorities, 

healthcare  professionals,  pharmaceutical  manu-

facturers,  and  international  pharmacovigilance 

organizations strengthens safety monitoring.

 Global  databases  also  support  signal  detection, 

risk assessment, regulatory decision-making, and 

continuous  monitoring  of  biological  therapies 

[92].

6. Future Perspectives

6.1 Personalized Pharmacovigilance

 Pharmacovigilance  is  moving  toward  patient-

specific safety monitoring based on age, genetics, 

comorbidities,  immune status,  and concomitant 

medicines.

 Biomarkers  and  pharmacogenomic  information 

may help  identify  patients  at  increased risk  of 

ADRs.

 This approach may be particularly useful in el-

derly patients with polypharmacy [93].

6.2 Improved Reporting Systems

 Future reporting systems should be simple, rapid, 

and user-friendly.

 Electronic  reporting,  mobile  applications,  and 

integration  with  electronic  health  records  can 

improve ADR reporting.

 Standardized reporting can increase the accuracy 

and completeness of safety information [94].

6.3 Role of Healthcare Professionals and Pharma-

cists

 Healthcare  professionals  and  pharmacists  are 

essential for ADR identification, documentation, 

reporting, and patient education.

 Pharmacists  can assist  with medication review, 

interaction detection, and monitoring of biologi-

cal therapies.

 Effective collaboration among healthcare profes-

sionals can improve patient safety [95].

6.4 Regulatory Developments

 Regulatory systems are evolving to address the 

safety  of  biosimilars,  gene  therapies,  and  cell-

based therapies.

 Greater emphasis is being placed on long-term 

monitoring,  product  traceability,  immunogenic-

ity, and real-world evidence.

 International  harmonization  of  pharmacovigi-

lance standards can strengthen global biological-

therapy safety monitoring [96].

CONCLUSION

Biological therapies have significantly expanded the 

therapeutic options for age-related diseases, including 

rheumatoid arthritis,  osteoporosis,  Alzheimer’s  dis-

ease, age-related macular degeneration, cancer, and 

other inflammatory disorders. Monoclonal antibodies, 

cell  and  gene  therapies,  cytokine-based  therapies, 

tissue-engineering approaches, and therapeutic vac-

cines  provide  targeted  mechanisms  for  managing 

complex  diseases  in  ageing  populations.  However, 
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their biological complexity, immunogenicity, poten-

tial  for  rare  or  delayed  adverse  reactions,  and  the 

presence of comorbidities and polypharmacy in el-

derly patients highlight the need for effective phar-

macovigilance.

Continuous safety monitoring throughout the biolog-

ical product life cycle is essential for early detection 

of ADRs, identification of safety signals, assessment 

of immunogenicity, and maintenance of an appropri-

ate benefit–risk balance. Future pharmacovigilance is 

expected  to  increasingly  incorporate  personalized 

monitoring,  digital  technologies,  artificial  intelli-

gence, real-world evidence, improved reporting sys-

tems,  and  advanced  regulatory  frameworks. These 

developments  can  strengthen  the  long-term  safety 

assessment  of  biologic  therapies  and  support  their 

appropriate use in ageing populations.
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