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“Discovery consists of seeing what everybody has seen and 

thinking what nobody has thought.” 

— Albert Szent-Györgyi 
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The current issue of The Drug Times 
presents key advances in modern 
therapeutics, featuring Controlled 
Human Infection Models, epigenetic 
and PROTAC-based cancer therapies, 
novel treatments for Alzheimer’s 
disease, and drug repurposing 
strategies. It also revisits historic 
milestones, explores the application of 
artificial intelligence in drug-
interaction screening, reports on 
National Pharmacovigilance Week 
activities, and highlights recent 
regulatory approvals. 
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Historically, the understanding of an infectious disease and developing 
countermeasures required studying the disease behaviour in a person who contracted it 
naturally (Natural infection research) or in animal models. Lately, a more innovative 
research model has gained increasing recognition, known as the Controlled Human 
Infection Model (CHIM), due to its significant role in vaccine development. In CHIM, 
healthy human volunteers are deliberately exposed to a particular infectious agent under 
carefully controlled conditions.  

 

Need for CHIMs 

Natural infection studies are usually expensive, time-consuming and rely on 
unpredictable pathogen exposure, while animal models cannot completely mimic 
human conditions. In a country like India, where infectious diseases account for 
approximately 30% of the nation’s disease burden, finding an effective and economical 
alternative to current research methods for these diseases helps reduce this burden.  

                   The earliest recorded CHIM study was conducted by Edward Jenner in 1796, 
when he had inoculated his gardener’s son with material extracted from a cowpox lesion 
on a milkmaid. Subsequent exposure of the boy to smallpox did not result in the disease. 
As of today, CHIMs have been created for at least 30 pathogens, including enteric 
bacteria (e.g., Salmonella, Shigella, V. cholerae, E. coli), Hepatitis C virus, multiple 
respiratory viruses (e.g., Influenza virus, SARS-CoV-2, RSV), P. falciparum, and others.   

Applications of CHIMs 
1. Vaccine development: CHIM studies accelerate the vaccine development process. 
They help assess vaccine efficacy, identify the optimal antigen dose, and correlate of 

INFECT TO PROTECT:  

The emerging role of Controlled Human Infection Models 

(CHIMs) in vaccine & drug development 
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protection (CoP). Some examples of vaccines evaluated using CHIMs are malaria 
vaccines (RTS,S & R21), typhoid vaccines (Ty21a, Vi-polysaccharide), oral cholera 
vaccine (V. cholerae O1), influenza & dengue vaccines, and COVID-19 vaccine (SARS-
CoV-2 challenge models).  

2. Anti-microbial drug evaluation: In addition to vaccine development, another major 
application of CHIM is in the development of therapeutic agents against specific 
pathogens. Recently, two monoclonal antibodies (CIS43LS & L9LS) targeting the malarial 
parasite P. falciparum circumsporozoite protein (PfCSP) were developed, which are 
currently undergoing clinical evaluation.  

3. Study of disease pathogenesis and host immune responses 

Advantages of CHIMs 

The conventional method for the evaluation of novel vaccine candidates is typically time-
consuming, laborious and costly. CHIM studies, on the other hand, require less time and 
money, and they also contribute to reducing the risks involved in vaccine development. 
All these factors improve preparedness during situations like an epidemic or pandemic. 
CHIM studies also require smaller sample sizes compared to large clinical trials. They 
significantly contribute to public health responses to diseases and aid regulatory bodies 
in making healthcare decisions and policies.  

Drawbacks 

CHIMs can pose significant ethical challenges, as healthy human volunteers are 
deliberately infected with the pathogen and are at risk of developing serious 
consequences, even if uncommon. Therefore, strong ethical supervision (including 
Informed consent from volunteers), a robust regulatory framework and careful 
participant selection are of prime importance. Risks can be minimised using antibiotic-
sensitive strains and the timely availability of curable treatments. Another drawback is 
that CHIM studies typically include healthy young adults from developed countries, 
which may not accurately represent the population-at-risk, who usually belong to 
developing countries where the disease burden is highest.   

                          CHIM studies are now becoming popular in low-middle-income countries as 
well (e.g. malaria, cholera, & other enteric fever studies). Although India has not yet 
conducted them, ethical and regulatory groundwork is underway to allow them in future.  
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For many years, we thought that our DNA was our destiny that determined everything 
from the colour of our eyes to the likelihood of becoming ill. But recent advances in 
science have revealed that our genes can be turned on or off without altering the DNA 
itself. This extraordinary regulatory system is termed epigenetics, literally meaning 
“above genetics”. 

Think of DNA as the text in a book and epigenetic markers as the highlights or bookmarks 
that instruct the cell which pages to read and which to skip. These chemical markers, 
such as DNA methylation and histone modifications, show how the environment affects 
gene function by changing in response to diet, stress, toxins and ageing. Building on this 
development, epigenetic therapy has emerged as a significant area of research in 
pharmacotherapy. These treatments target the systems that control gene expression, 
fine- tuning the gene pathways that control cell growth, repair, and differentiation, in 
contrast to traditional medications that act directly on proteins or receptors. 

         

  

 

 

 

 

 

 

 

 

 

Epigenetic regulation of gene expression through DNA methylation and histone 
modifications—key targets of modern epigenetic therapies 

 
Among the earliest innovations were DNA methyltransferase (DNMT) inhibitors such as 
azacitidine and decitabine. By reversing excessive DNA methylation, these drugs 
reactivate silenced genes and help restore normal cell function in disorders like 
myelodysplastic syndrome (MDS) and acute myeloid leukaemia (AML).  

From Silence to Signal:  

The Power of Epigenetic Targeted Drugs 
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This was followed by histone deacetylase (HDAC) inhibitors like vorinostat and 
romidepsin. These drugs increase histone acetylation, loosening tightly coiled DNA and 
allowing tumor suppressor genes to re-express—an effect particularly beneficial in 
cutaneous and peripheral T-cell lymphomas.  

More recent agents are pushing the boundaries further. Isocitrate dehydrogenase (IDH) 
inhibitors (ivosidenib, enasidenib) block mutant enzymes that disturb DNA methylation, 
whereas EZH2 inhibitors (tazemetostat, valemetostat) antagonize abnormal histone 
methylation linked to aggressive hematologic and solid tumours. 

Despite their potential, difficulties still exist. Current challenges include improving 
medication specificity and target selectivity, reducing toxicity, and expanding our 
knowledge of intricate RNA modifications and epigenetic networks. However, the 
progress so far is commendable. Ongoing discoveries like the FDA approval of givinostat 
for Duchenne muscular dystrophy highlight a revolutionary future in which epigenetic 
medications are a foundation of precision medicine in the genomic era. 
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Over the past century, there has been significant advancement in cancer treatment, 
starting with the major surgery and radiation therapy and continuing with chemotherapy 
and the precision revolution of targeted medicines. However, despite breakthroughs in 
molecular design, many cancer-causing proteins remained inaccessible to traditional 
medications, and resistance frequently developed. PROTACs (Proteolysis–Targeting 
Chimaeras), which change the treatment approach from only suppressing defective 
proteins to completely removing them through the ubiquitin–proteasome system, were 
made possible by these persistent difficulties. This event–driven strategy was a logical 
development in oncology’s search for more profound, long-lasting solutions. Early 
PROTACs showed remarkable protein degradation, but their limited cell penetration, 
poor selectivity, and off- target effects hampered their therapeutic potential. Newer 
designs have now overcome many of these challenges thanks to ongoing innovation. 

The Cancer Codebreaker:  

How PROTACs Outsmart Disease 
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More safety and accuracy are ensured by tumor – responsive PROTAC prodrugs, which 
only become active in particular microenvironmental situations like hypoxia, enhanced 
glutathione, or increased reactive oxygen species. Folate, aptamers, antibodies or 
nanoparticle systems are examples of targeted delivery techniques that improve tumor 
uptake while lowering systemic exposure. Context–dependent activation and better 
pharmacokinetics are further supported by additional improvements, such as linker– 
optimized and dual–stimulus degraders. When taken as a whole, these advancements 
demonstrate a distinct move toward targeted and controlled degradation, which is 
essential for converting PROTACs into effective cancer treatments. 

 

Fig. Displays event-driven mechanism of protac-mediated protein degradation. 

PROTACs are gaining popularity nowadays because they overcome constraints that 
conventional inhibitors cannot. They can target proteins that were previously classified 
as “undruggable,” stay effective at catalytic rather than saturating concentrations, and 
overcome resistance caused by active site mutations. Their rapid development is evident 
in the increasing number of degraders entering clinical trials, as well as the growing focus 
on smart PROTACs, which use light, radiation or tumor–specific cues to achieve highly 
selective activity. Next–generation PROTACs, with their ability to deconstruct disease–
causing proteins at their source, have the potential to become a defining therapeutic 
technique in cancer care. 
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Methotrexate is one of the first medications to treat cancer and is a monument to 
serendipity and the strength of scientific inquiry. In the 1940s, acute leukaemia was the 
most prevalent malignancy in children, and Dr Sidney Farber, a pathologist at the 
Children's Hospital in Boston, was trying to find a treatment for it. Almost a decade 
earlier, Lucy Wills, a British physician, found that anemia in textile workers responded to 
Marmite, a food product made from purified yeast. Farber’s research expanded on this 
earlier discovery that folic acid, a crucial member of the B vitamin family found in foods 
like yeast and liver, was necessary for the production of blood. He and his team thought 
that supplementing children with folic acid would help, but their tests produced an 
unanticipated and devastating outcome: the cancer cells actually grew faster,                  
aggravating rather than treating the illness. This unexpected finding led Farber to 
reconsider: if too much folic acid exacerbated leukaemia, then possibly preventing its 
absorption could halt the spread of cancer. 

Aminopterin, a substance that resembled folic acid but interfered with its biological fun
ction, was created because of this finding. 
Children with leukaemia who received aminopterinexperienced the earliest known remi
ssions of the illness.However, scientistsquickly created methotrexate, a far less hazardo
us version of the medication, because aminopterin proved toxic. 
Methotrexate prevents the cell from using folic acid, a B vitamin required for DNA synthe
sis. Fast-growing cancer cells experience a vitamin deficit and reset 
their biological clock in the absence of folic acid. The outcomes were 
striking by the middle of the 1950s; methotrexate not only brought about remissions but 
also created the first successful treatments for a solid tumor, choriocarcinoma, a place
ntal cancer that usually moved quickly to the lungs. 

Methotrexate's remarkable effectiveness led to a radical shift in cancer treatment, 
including the development of antimetabolites and combination chemotherapy. Its story 
illustrates how, when faced with creativity and perseverance, scientific setbacks may 
lead to discoveries. Methotrexate's legacy continues today, not just in the treatment of 
cancer but also in the management of autoimmune disorders, demonstrating how one 
unintentional discovery can transform medicine and save thousands of lives. 
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Methotrexate:  

The Molecule That Changed the Fate of Leukemia 
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Dextromethorphan (DXM) was developed in the early 1950s as a non-addictive substitute 
for codeine. The U.S. Food and Drug Administration approved it in 1958 as an antitussive 
agent. Over the following decades, it became widely available globally in over-the-
counter cough formulations to relieve symptoms of the common cold and influenza.  

                         In recent years, DXM has garnered renewed scientific attention due to its 
unique pharmacological actions, including NMDA receptor antagonism, sigma-1 
receptor activity, serotonin–norepinephrine reuptake inhibition, and anti-inflammatory 
signalling. A combination of dextromethorphan and quinidine was approved to treat 
Pseudobulbar affect, a condition characterised by sudden, uncontrollable episodes of 
crying or laughing, often associated with neurological conditions like multiple sclerosis 
(MS) or amyotrophic lateral sclerosis (ALS). Quinidine helps inhibit the metabolism of 
DXM, increasing its bioavailability. A fixed-dose combination of dextromethorphan and 
bupropion received FDA approval in 2022 for the treatment of Major Depressive Disorder 
in adults. Bupropion acts as a CYP2D6 inhibitor, which increases the levels of 
dextromethorphan in the body, allowing it to exert its rapid antidepressant 
effects. Dextromethorphan is being clinically investigated for a range of other potential 
uses, leveraging its neuroprotective and anti-inflammatory properties as in neuropathic 
pain, migraine, traumatic brain injury, post-stroke neuroprotection, lung fibrosis and 
substance use disorders. Preclinical research has also suggested that a combination of 
dextromethorphan and metformin could serve as a potential preventive or therapeutic 
strategy for nicotine-promoted oesophageal squamous cell carcinoma  

                        Its therapeutic promise coexists with documented risks of misuse and 
toxicity—making patient education and regulatory vigilance essential. DXM misuse, 
especially among adolescents, is due to euphoric and dissociative effects at high doses. 
Known as “Robo-tripping” or “Skittling,” recreational doses 5–20 times higher than 
therapeutic levels may induce hallucinations, impaired judgment, psychosis, 
tachycardia, seizures, and risk of serotonin toxicity—particularly when combined with 
antidepressants or stimulants. 

                        In a rapidly evolving therapeutic landscape, dextromethorphan stands as a 
reminder that even familiar medications can hold unexpected scientific potential and 
hidden hazards.  

Reference: 
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MJT.0000000000001699. PMID: 38231578. 
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Dextromethorphan: Beyond a Cough Suppressant: 

 From Old Remedy to Multifunctional Therapeutic Candidate 
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Donanemab is a humanised monoclonal IgG1 antibody designed to target pyroglutamate 
Aβ (pGlu3-Aβ, AβpE3), a modified, N-terminal-truncated form of aggregated β-amyloid 
present in plaques, to promote plaque clearance and change the course of early 
Alzheimer's disease (AD). In contrast to certain other anti-Aβ antibodies that target 
soluble protofibrils or other epitopes, the antibody selectively binds to plaque-
associated pGlu3-Aβ, opsonises plaques, and promotes microglia-mediated 
phagocytosis and removal of insoluble amyloid deposits from the brain. 

Pharmacodynamics (PK) - According to the antibody's plaque-directed mechanism, 
PET imaging in pivotal clinical trials demonstrates a significant and quick reduction of 
amyloid plaque burden (high percentage reductions in Aβ-PET measurements within 
months). Donanemab significantly reduced amyloid PET in TRAILBLAZER-ALZ-2 and 
related trials, which was associated with a slower rate of cognitive and functional 
deterioration in the early-stage AD population under study. To stratify populations and 
allow treatment cessation once predetermined amyloid thresholds were met, the drug's 
trial program incorporated both tau and amyloid PET. 

Pharmacokinetics (PD) - Donanemab is given intravenously. A terminal half-life of days 
to a few weeks is reported by single-dose and multiple-dose studies as well as regulatory 
reviews (estimates have varied by study and assay; early single-dose studies reported 
half-lives in the range of ~4–10 days at low doses and longer at higher doses; later 
pooled/regulatory summaries report mean terminal half-life estimates ~1-2 weeks). 
Monoclonal IgG proteins often undergo clearance (proteolytic catabolism), with 
systemic exposure increasing with increased and repeated dosage. In pooled analyses, 
anti-drug antibodies have been detected, but have not consistently changed PK. 
 
Dosage and PK/PD strategy - Initial clinical and approved regimens used a titration: 700 
mg IV every 4 weeks for the first 3 doses, followed by 1400 mg IV every 4 weeks thereafter, 
with the option to stop treatment once amyloid plaque is cleared on PET. More gradual 
up-titration strategies (350 → 700 → 1050 → 1400 mg) have been evaluated and recently 
incorporated into labelling. 

Adverse effects - Amyloid-related imaging abnormalities (ARIA), particularly ARIA-E 
(edema/effusions) and ARIA-H (microhaemorrhages/siderosis), are the main safety 
concern. They are thought to result from the quick removal of vascular and parenchymal 
amyloid, which temporarily compromises vessel integrity and causes local 
inflammation. The frequency of ARIA with donanemab has been significant in trials (ARIA-
E rates higher than certain competing medicines), and only a small percentage of 
individuals had symptomatic ARIA; the dosage regimen and APOE ε4 carrier status, 
particularly homozygosity, are powerful, repeatable risk modifiers. Therefore, baseline 
and interval MRI monitoring, as well as taking APOE genotyping into account to guide risk 

Donanemab for early Alzheimer's disease 
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conversations and monitoring plans, are advised by regulatory guidance and clinical 
protocols. 

Clinical Implications - Donanemab, an antibody with epitope selectivity for pGlu3-Aβ 
that achieves rapid plaque clearance and measurable clinical slowing in early AD, is an 
example of a pharmacology-driven precision-medicine approach. However, because PD 
(plaque removal) directly drives the principal toxicity (ARIA), customised dosing and 
active safety surveillance are necessary. To maximise benefit/risk in clinical use, titration 
schedule optimisation and personalised risk assessment (APOE status, cerebrovascular 
comorbidities, concurrent anticoagulation) are essential. 
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Artificial intelligence (AI) is steadily transforming drug–drug interaction (DDI) 
assessment, offering new layers of prediction and data-driven insight beyond what 
traditional tools like Lexicomp and Micromedex have long provided. Conventional 
databases remain trusted for their expert-reviewed monographs, structured severity 
ratings, and clear clinical recommendations. Yet, with rising polypharmacy and the rapid 
introduction of novel therapeutics, AI-driven systems are gaining momentum. 

WHAT AI ADDS 

•  Mines massive biomedical databases like DrugBank, ChEMBL, PharmGKB, SIDER, and 
DDInter. 
• Predicts potential interactions earlier, detects patterns from spontaneous reports, 
molecular networks and literature trends. Gemini had the highest sensitivity, and 
ChatGPT had the highest specificity. 

AI in Drug Interaction Checking: 

Promise, Progress & Pitfalls 
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• Identifies Event-Based DDIs and classifies them into undirected, direction-specific, 
and event-based (type/mechanism predicted), enabling deeper insight into why an 
interaction may occur. 
•  Uses Advanced Computational Models like Graph neural networks, matrix 
factorisation, similarity-based modelling and autoencoders allow AI to connect 
complex factors. 
 
WHERE AI FALLS SHORT 

•  Over-alerting leads to alert fatigue, generating multiple low-value alarms that can 
ignore true high-risk interactions. 
• Hallucinated or theoretical interactions with no evidence basis due to fabricated 
mechanisms and misinterpreted drug names. 
•  Misclassification of drug classes and assuming one drug’s interaction applies to the 
entire pharmacological class, leading to false positives or inappropriate caution. 
•  Unlike Lexicomp/Micromedex, AI outputs lack consistent severity ratings, 
documentation levels or management advice, making it difficult to judge clinical 
relevance. 
 
WHAT TRADITIONAL TOOLS STILL DO BETTER 

• Expert-reviewed summaries ensure every listed interaction is backed by literature, 
monographs or pharmacologic rationale. 
•  Include severity levels and grade them into minor, moderate and major interactions 
with high-quality supporting evidence. 
• Offer actionable management recommendations like monitoring parameters, dose 
adjustments, alternative options, and when to avoid certain combinations. 
•  Unlike AI models that fluctuate, Lexicomp, Micromedex and deliver consistent, 
reproducible results in every cycle. 

BEST PRACTICE FOR CLINICIANS 

AI tools are useful for early signal detection and quick screening, but final decisions 
should rely on trusted databases. Expert review remains essential to distinguish true 
clinically relevant interactions from theoretical or AI-generated false positives. All AI 
alerts must be interpreted in the context of the patient’s renal and hepatic function, 
comorbidities, therapeutic drug levels and overall polypharmacy to ensure safe and 
accurate clinical decisions. 
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The Department of Pharmacology, KMC Manipal, celebrated the 5th National 
Pharmacovigilance Week (17th–23rd September 2025) through a diverse range of 
academic awareness and community-focused initiatives aimed at strengthening the 
culture of drug safety. The celebrations began with the release of informative flyers and 
posters, followed by their display across the campus and on 28 digital screens in 
Kasturba Hospital to enhance public awareness on the importance of ADR reporting. A 
key highlight was the guest lecture on medication errors delivered by Dr Bikash Medhi, 
which provided valuable insights into safe prescribing and error prevention. Sensitisation 
programs were conducted in the emergency medicine, general medicine, dermatology 
and psychiatry departments to encourage clinicians and trainees to actively report ADRs. 

 

  

 

 

National Pharmacovigilance Week 2025 
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 A CME on evidence-based formulary decision-making underscored the role of 
pharmacovigilance in rational drug use. Social media outreach further amplified the 
message of patient safety. Academic engagements included an ADR awareness session 
and elective programs for undergraduate students, and a postgraduate seminar on post-
marketing drug safety. A digital collage competition titled “Your Safety, Just a Click Away: 
Report to PvPI” encouraged creative student advocacy across MAHE. The celebrations 
concluded with a valedictory event, recognising outstanding postgraduate contributions 
to ADR reporting. 

 

 

 

 

 

 

Sl. 
No. 

Drug Name Active Ingredient  Approval 
date  

FDA-approved use  

1. Modeyso Dordaviprone 6/8/2025 Diffuse progressive midline 
glioma (with H3 K27M mutation) 

2.  Hernexeos Zongertinib 8/8/2025 Unresectable or metastatic non-
squamous non-small cell lung 
cancer (with HER2 tyrosine 
kinase domain activating 
mutations) 

3. Brinsupri Brensocatib 12/8/2025 Non-cystic fibrosis 
bronchiectasis 

4. Dawnzera Donidalorsen 21/8/2025 To prevent attacks of hereditary 
angioedema 

5. Wayrilz Rilzabrutinib 29/8/2025 Persistent or chronic immune 
thrombocytopenia 

6. Keytruda 
Qlex 

Pembrolizumab and 
berahyaluronidase 
alfa-pmph 

19/9/2025 Adult and pediatric solid tumors 

7. Forzinity Elamipretide 19/9/2025 To improve muscle strength in 
patients with Barth syndrome 

8. Inluriyo Imlunestrant 25/9/2025 ER-positive, human epidermal 
growth factor receptor 2- 
negative, ER-1-mutated 
advanced or metastatic breast 
cancer 

FDA New drug approvals 

(Aug 2025 – Dec 2025) 
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9. Palsonify Paltusotine 25/9/2025 Acromegaly in adults 
(unresponsive to surgery) 

10. Rhapsido Remibrutinib 30/9/2025 Chronic spontaneous urticaria 
(in adults) 

11. Jascayd Nerandomilast 7/10/2025 Idiopathic pulmonary fibrosis 

12.  Lynkuet Elinzanetant 24/10/2025 Moderate-to-severe post-
menopausal vasomotor 
symptoms 

13. Kygevvi Doxecitine and 
doxribtimine 

3/11/2025 Thymidine kinase 2 deficiency 
(in patients 12 years old or less) 

14. Komzifti Ziftomenib 13/11/2025 Relapsed or refractory acute 
myeloid leukemia with a 
susceptible nucleophosmin 1 
mutation (in adults) 

15.  Redemplo Plozasiran 18/11/2025 Familial chylomicronemia 
syndrome 

16. Hyrnuo Sevabertinib 19/11/2025 Locally advanced or metastatic 
non-squamous non-small cell 
lung cancer (with HER2 tyrosine 
kinase domain activating 
mutations) 

17. Voyxact Sibeprenlimab-szsi 25/11/2025 Primary immunoglobulin A 
nephropathy (in adults) 

18. Lerochol Lerodalcibep-liga 12/12/2025 Familial hypercholesterolemia 

19. Nuzolvence Zoliflodacin 12/12/2025 Uncomplicated urogenital 
gonorrhoea (due to N. 
gonorrhoeae) 

20. Cardamyst Etripamil 12/12/2025 Paroxysmal supraventricular 
tachycardia 

21. Exdensur Depemokimab-ulaa 16/12/2025 Severe asthma (add-on 
maintenance therapy) 

22. Myqorzo Aficamten 19/12/2025 Symptomatic obstructive 
hypertrophic cardiomyopathy 

Novel Drug Approvals for 2025 | FDA 

 

 

 
Email queries / suggestions to 
pharmacology@manipal.edu  

Compiled By:  

Dr Shalini Adiga, Dr Shivaprakash, Dr Sadhana 
Holla, Dr Sangita Kamath, Dr Chandini Rao, Dr 
Namita Honnutagi, Dr Viha Chavan 

 

https://www.fda.gov/drugs/novel-drug-approvals-fda/novel-drug-approvals-2025

