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Why Ageing Related Medicines?

❖ WHO attributes the rapid size increase to a change in the leading cause of death—from 

infections to chronic non-communicable diseases—which increased life expectancy.

❖ Chronic conditions such as hypertension, high cholesterol, arthritis, diabetes, heart disease, 

cancer, dementia, and congestive heart failure. 



Why Ageing Related Medicines?

Wahlich J, Orlu M, Mair A, Stegemann S, van Riet-Nales D. Age-
Related Medicine. Pharmaceutics. [2019]
Sara M. Hanning, Felipe L. Lopez, Ian C.K. Wong, Terry B. Ernest, 
Catherine Tuleu, Mine Orlu Gul, Patient centric formulations for 
paediatrics and geriatrics: Similarities and differences,
International Journal of Pharmaceutics [2016]

Key Pharmaceutical Issues - Obstacles for older 
people to accept their medication



• Medicines related challenges

reported by older people and carers:

• Physical difficulties

• Cognitive difficulties

• Living difficulties

o Medicine related difficulties

o Usually polypharmacy related

o Co-morbidities

o Medication reviews

o Lack of advice from pharmacist

o Query re: appropriate doses for

patient

o Confusion over names of

medicines & generics

o Admission to hospital

o Other shared difficulties

6

• Attended by 78 older people and
professionals from academic research,
industry and regulatory agencies (i.e. EMA,
MHRA)

• Aim: “…to identify ways of improving
current and future geriatric drug
therapy.”

My Age-Related Medicines Journey
Investigating the problem: What are their needs?



• Successful UCL Public Policy Funding

– EPSRC Knowledge Transfer Partnership

• The European Medicines Agency
(EMA)

• Evaluations of marketing-authorisation 
applications  centralised 
procedure (similar to FDA medicines in 
Europe) 

• Scientific Advice department at the 
EMA 

• A department which offers scientific advice 
and protocol assistance (a type of scientific 
advice for companies developing orphan 
medicines) to companies involved in 
developing medicines. 

• Developed the EMA Geriatric Medicines 
Strategy in 2011

My Age-Related Medicines Journey
Investigating the problem : My skills & knowledge gap



Regional Focus (UK – LMIC)

REGIONAL 
GROUPS

WHO regions

World Bank 
income 
groups

World Bank 
regions

WHO regions 
and World 

Bank income 
categories

UN 
Sustainable 

Development 
Goals (SDGs) 

regions

UN 
Millennium 

Development 
Goals (MDGs) 

regions

4 income groups (low, 
lower-middle, upper-

middle, and high)

Regions are classified 
as "developing" 
regions and 
"developed" regions.



“Developing country” vs “Low-income or middle-income economies (LMIC)”

Developed countries

Developing countries

Least developed countries

Data unavailable

Developed nations - countries that are more industrialized and have higher per 
capita income levels.

Developing nations - countries that are less industrialized and have lower per 
capita income levels. Can be divided further into moderately developed or less 
developed countries.



“Developing country” vs “Low-income or middle-income economies (LMIC)”

The World Bank assigns the world’s 
economies to four income groups—

low, lower-middle, upper-middle, and 
high-income countries. 

Updated every July 1 and are based on 
Gross National Income (GNI) per 

capita of the previous year

Countries can move to a lower or higher category each year 

Economics moving to a higher category (1st Jul. 2020)

Economics moving to a lower category (1st Jul. 2020)



Pharmaceuticals and LMICs/Developing Countries – An age-old problem

Jayasuriya DC. Pharmaceuticals and developing countries:
problems and prospects. Pharm Weekbl [Sci] 1991;13(6):244-7

Challenges identified in 1991

❑ Global imbalance in drug 
supplies

❑ Too many drugs on the market
❑ Irrational use of drugs
❑ Availability of drugs of doubtful 

quality, safety and efficacy

What about age-
related medicines?

Published in 1991 – issues still relevant today…



Drug Development and Age-Related Medicines

Patient 
Acceptability & 

Compliance

Inclusion of 
older adults in 
clinical trials 

Stakeholder 
engagement 

activities:

Malaria in 
Africa: 

What’s Next?

Call to action

UK, LMIC/Developing countries



Polypharmacy – A Global Issue for Older Adults 
Obstacles for older adults to accept their medication



What is Polypharmacy?
Obstacles for older adults to accept their medication



What is Polypharmacy?
Obstacles for older adults to accept their medication



What is Polypharmacy?
Obstacles for older adults to accept their medication

POLYPHARMACY

Appropriate polypharmacy
-prescribing for an individual for complex 
conditions or for multiple conditions in 
circumstances where medicines use has been 
optimised and the medicines are prescribed 
according to best evidence.

Problematic/inappropriate polypharmacy 
-multiple medications are prescribed 
inappropriately, or where the intended benefit of 
the medication is not realised. 



Polypharmacy – A global issue for older adults
Obstacles for older adults to accept their medication



Polypharmacy – A global issue for older adults
Obstacles for older adults to accept their medication



“Polypharmacy especially in 
older people with multiple 
diseases often results in poor 
health status and outcomes.”

Polypharmacy – A global issue for older adults
Obstacles for older adults to accept their medication

• Cross sectional study - 400 
elderly patients aged 60 
years+

• Polypharmacy was taken as 
concurrent consumption of 
=5 medications. 

• Socio- demographic 
characteristics, lifestyle 
habits, attitudinal factors 
on medication 
understanding, medication 
pattern and intake were 
assessed through a 
questionnaire.

Key Findings
❑ 25% of respondents were on multiple-drug therapy
❑ Risk of polypharmacy was twice in respondent on 

multiple-drug therapy and 3.7 times in respondents 
who intentionally skipped their medications

❑ Those who received prescription from more than one 
physician on regular basis had 2.3 times risk of 
polypharmacy.

❑ Factors, which mostly led to patients skipping 
medications, include the cost and availability of the 
medications.



SOLUTION:

MEDICINE OPTIMISATION

“…a person-centred approach to safe and effective
medicines use, to ensure people obtain the best possible
outcomes from their medicines.”

Greenhalgh T et al.(2014) Evidence based medicine: a movement in crisis? BMJ 348:3725

Sackett D et al. (1996) Evidence based medicine: what it is and what it isn't. BMJ 312:71–72

“Shared decision-making is an essential part of 
evidence-based medicine, seeking to use the best available 
evidence to guide decisions about the care of the individual 
patient, taking into account their needs, preferences and 
values’. (Greenhalgh et al. 2014, Sackett et al. 1996)

Clinical Practice

Polypharmacy – A global issue for older adults
Obstacles for older adults to accept their medication

Pharmaceutical Science
❑ Modified release
❑ Personalized approach to drug development

▪ Tailored dose
▪ Flexible dosing
▪ Individualised
▪ Fixed dose combination drug products



➢ A.K.A Additive Manufacturing (developing since 

1984)

➢ “Personalized 3D printed medicines 

appear as the missing piece in the care 

cycle of telemedicine”

➢ High degree of flexibility and control 

enables preparation of multi APIs with 

complex and tailored release profiles

➢ Cost-effective customization and reduced 

assembly.

➢ Simple, reliable, and affordable.

➢ First 3D printed pill (FDA approved)

➢ Modified Powder Bed Fusion

Why 3D Printing

Araújo MRP, Sa-Barreto LL, Gratieri T, Gelfuso GM, 
Cunha-Filho M. The Digital Pharmacies Era: How 
3D Printing Technology Using Fused Deposition 
Modeling Can Become a Reality. Pharmaceutics. 
2019



Modified Release

“…. identified a direct link between the release rate of the antibiotic, 
and the tablet’s infill percentage, which enabled them to control its 
dosage by adjusting its printing parameters….”



Personalized Approach to Drug Development
Fixed Dose Combination Products

• Fixed Dose Combination: Two or 

more drugs contained in a single 

dosage form, such as a capsule or 

tablet.

• Advantage to patient – reduce 

number of tablets

• Ability to compose different 

combined profiles of APIs that may 

be specific for the relative dosages in 

a given FDC product
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To explore the potential of 
increasing drug-loading 

efficiency by altering 
solvent choice, and to 

study the in vitro 
dissolution profiles of the 
FDM-printed monolithic 

FDC tablet developed.

Objectives
i. What is the influence of solvent type on drug 

loading efficiency?

ii. What is the effect on the drug impregnation 
method of filament hardness?

iii. What is the solid state of the drug loaded 
filaments?

iv. What is the in vitro dissolution profile of the 
FDC?



Materials

Fluorescein sodium (FS) 5-aminosalicyclic acid (5-ASA) Polyvinyl alcohol (PVA) 
filament, 1.75 mm diameter

Chew, S.L.; Modica de Mohac, L.; Tolulope 
Raimi-Abraham, B. 3D-Printed Solid 
Dispersion Drug Products. 
(2019) Pharmaceutics

https://www.mdpi.com/1999-4923/11/12/672


Results : Filament Characterisation

Solid State Characterization of Filaments

Generation of an 
amorphous solid 

dispersion

✓ Enhanced drug dissolution = increase oral bioavailability
Chew, S.L.; Modica de Mohac, L.; Tolulope Raimi-Abraham, B. 3D-Printed Solid Dispersion Drug Products. 
(2019) Pharmaceutics

https://www.mdpi.com/1999-4923/11/12/672


Results : 3D Printed Dosage Form Characterisation

Morphology Studies

FDM 3D printing :

Layer-by-layer building of 

object via molten polymer 

fusion onto previously 

solidified extrudate layer 

during printing was 

expected to give 

extrudate-stacking 

appearance



Results : 3D Printed Dosage Form Characterisation

Morphology Studies

• Multiple voids on the 

dosage form surface.

• Dosage form shows 

extrudate-stacking as 

expected.

❑ Further work = Porosity Studies

Chew, S.L.; Modica de 
Mohac, L.; Tolulope 
Raimi-Abraham, 
B. 3D-Printed Solid 
Dispersion Drug 
Products. 
(2019) Pharmaceutics

https://www.mdpi.com/1999-4923/11/12/672


Results : 3D Printed FDC Dosage Form Characterisation

In Vitro Dissolution, pH 6.8 phosphate buffer 

majority of drug absorption 

occurs at the small intestine = 

large surface area

• Two different dissolution profiles

• Spring-and-parachute dissolution profile of

both FS and 5-ASA.

Amorphous SDs: Spring-and-
parachute dissolution
• Drug should first dissolve along 

with the soluble polymer matrix to 
create a supersaturated solution 
(“the spring”) 

• After which supersaturation is 
maintained long enough for drug 
absorption (“the parachute”) to 
take place.

Chew, S.L.; Modica de Mohac, L.; Tolulope Raimi-
Abraham, B. 3D-Printed Solid Dispersion Drug 
Products. (2019) Pharmaceutics

https://www.mdpi.com/1999-4923/11/12/672


Personalized Approach to Drug Development
Fixed Dose Combination Products



What are the key pharmaceutical issues?
Obstacles for older people to accept their medication

GERIATRIC 

PHARMACEUTICS

ISSUE

DYSPHAGIA/NIL BY MOUTH

 ABILITY TO REMEMBER TO 
TAKE MEDICATION 

(IMPAIRED)

STRATEGIES IN 
PRACTICE

CRUSHING/SPLITTING OF 
SOLID ORAL DOSAGE 

FORM 

REPACKAGING INTO 
MEDICINE COMPLIANCE 

AIDS (MCA)

ALTERED DOSAGE FORM
(e.g. use of thickening 

agents/drug administration via 
enteral feeding tubes)

- UNLICENSED USE OF 

MEDS

-  STABILITY OF MEDS

- POTENTIAL 

BIOAVAILABILITY 

CHANGES

- TOXICITY



❖ Also known as Multi-compartment Compliance Aids (MCAs), 

Monitored Dosage Systems (MDS), Dosette boxes or Nomads®

❖ Patient (commonly older adults)

❖ Manage their own drug regimen

❖ Reminder to take medication

❖ Career/healthcare professional

❖ Monitor 

Multicompartment Compliance Aids (MCAs)
Obstacles for older people to accept their medication



7-DAY REGIMEN



EXAMPLE 1: PILLMATE

❖ Can be bought from your local 

pharmacy PILLMATE DAY OUT ~£0.80

PILLMATE WEEKLY ~£2

PILLMATE WEEKLY~£0.99



EXAMPLE 2: DISPENSED FROM THE LOCAL PHARMACY 

❖ Dispensed, clinically and accuracy checked 

by pharmacy dispenser and pharmacist



EXAMPLE 3: DISPENSED FROM YOUR LOCAL 

PHARMACY – ALARM SYSTEM

❖ Dispensed, clinically and accuracy 

checked by pharmacy dispenser and 

pharmacist

❖ Movable carousel with divisions

❖ Audible reminder



❖ Main roles of manufacturers packaging = protect 

the product from exposure to conditions where 

phenomenon can occur that can alter its 

performance

❖ Manufacturers discourage the repackaging of 

medications = little data available to support this 

process. 

❖ The use of MCAs involves the transfer of 

medicines from the manufacturer’s original 

packaging into the MCA

❖ How do we develop medicines for this 

use? Or should we start developing 

medicines for this use?

Multicompartment Compliance Aids (MCAs)
Obstacles for older people to accept their medication

Challenges



Raimi-Abraham B.T*, Garcia del Valle A, Galcera GV, Barker 
S.A, Orlu-Gul M. A Pilot Study Investigating the Stability of 
Repackaged Medicine Stored into Commercially Available Multi-
Compartment Compliance Aids (MCAs).
Journal of Pharmaceutical Health Services Researc



❖ Aim: to  investigate  the  stability  profile  of  

atenolol,  aspirin  and  lansoprazole dosage 

forms repackaged together in two different 

commercially available MCAs

❖ Compared with drug powders alone

• Influence of excipients

❖ Physical  stability  of  the repackaged  formulations  

was  evaluated.  

• After  8  weeks  of  storage  (under  controlled  

ambient  conditions), changes in the 

disintegration (tablets only) and dissolution 

properties (all formulations) were examined in 

accordance with British Pharmacopoeia (BP) 

specifications. Raimi-Abraham B.T*, Garcia del Valle A, Galcera GV, Barker S.A, 
Orlu-Gul M. A Pilot Study Investigating the Stability of Repackaged 
Medicine Stored into Commercially Available Multi-Compartment 
Compliance Aids (MCAs). Journal of Pharmaceutical Health 

Services Research 

Multicompartment Compliance Aids (MCAs)
Obstacles for older people to accept their medication



Key Findings

❖ Aspirin DT and 
lansoprazole GR-C 
statistically significant 
differences were observed in 
water content
• Increase  - aspirin DT
• Decrease for lansoprazole 

GC

❖ Presence of excipients (including 
film coat and capsule shell) may 
influence the water uptake 
mechanisms within a 
formulation
• Impact on the dosage form 

properties and performance 

Multicompartment Compliance Aids (MCAs)
Obstacles for older people to accept their medication



❖ The in vitro disintegration and 
dissolution properties of 
repackaged formulations were 
faster compared to week 0.

❖ The rate of lansoprazole release 
from GR-C showed a different 
profile in the acid stage 
• More of the drug was released in 

weeks 4 and 8 compared to 
week 0. 

Key Findings

Multicompartment Compliance Aids (MCAs)
Obstacles for older people to accept their medication



Key questions & focus:
1. How does the geriatric 

population in oncology clinical 
trials compare to epidemiology 
data?*

2. Inclusion/Exclusion criteria? 
Any biases?

3. Any trends observed with 
ADRs?

Inclusion of Older Adults in Clinical Trials



Key Challenges

❑ Lack of focus on clinical trials research in the curricula in medical schools 
and teaching hospitals 

❑ Lack of research-based higher educational institutions have led to a death 
of skilled personnel 

❑ Lack of financial resources
❑ Lack of skilled personnel 
❑ Cultural and religious beliefs that create fear of exploitation in the general 

population 
❑ Regulatory administrative issues



Example of 
UK – LMIC 
stakeholder 
engagement



Malaria

• A mosquito-borne infectious disease that affects humans and other 

animals.

• Life-threatening disease caused by parasites that are transmitted to 

people through the bites of infected female Anopheles mosquitoes.

• In 2018, there were an estimated 228 million cases of malaria 

worldwide.

• Malaria is caused by single-celled microorganisms of 

the Plasmodium group.

• Five species of Plasmodium can infect and be spread by humans.

• P. falciparum (causes most deaths)

• P. vivax

• P. ovale

• P. malariae

• P. knowlesi

Despite the relatively 
large number of 

antimalarial drugs 
available, malaria 
remains the most 

common and deadly 
parasitic disease in the 

world



Malaria in Africa: What’s next? 
Understanding Malaria and its Potential for Resistance in Nigeria and Ghana 

MICROORGANISMS

PROTISTAN PARASITES - SPOROZOAN

(PLASMODIUM PARASITE)

*PHARMACEUTICAL CHALLENGES

Antimalarial drug resistance

#Malariawhatsnext

In 2017, there were ~219 million malaria
cases worldwide. An estimated 450,000
malaria deaths with approximately 90% of
all malaria deaths occur on the African
continent.



Malaria in Africa: What’s next? 
Understanding Malaria and its Potential for Resistance in Nigeria and Ghana 

• ~70% of the world’s malaria burden is 

concentrated in 11 countries 

• 10 in sub-Saharan Africa namely Burkina 

Faso, Cameroon, Democratic Republic 

of the Congo, Ghana, Mali, 

Mozambique, Niger, Nigeria, Uganda 
and United Republic of Tanzania 

• 11th - India.

NB
• Malaria does not currently occur naturally in the 

United Kingdom (UK)

• Travel-associated cases reported in 2017 
• 10.8% higher than those reported in 2016 

• 15.0% above the mean number of cases 

reported between 2008 and 2017. 



Malaria in Africa: What’s next? 
Understanding Malaria and its Potential for Resistance in Nigeria and Ghana 

#Malariawhatsnext

“Using a multidisciplinary and 

cross sector strategy towards 

tackling Malaria (and its 

resistance) in Nigeria and 

Ghana by hosting a two-day 

networking workshop event at 

King’s College London focused 

on developing a research 

strategy and action plan.”

Official 
Development 
Assistance 
(ODA) funding

29th and 30th of October 2019



Malaria in Africa: What’s next? 
Understanding Malaria and its Potential for Resistance in Nigeria and Ghana 

“The objective of this people-

centered networking workshop event 

will be to focus on interventions

directed towards the groups of 

people in Nigeria and Ghana who 

have a role in tackling antimicrobial 

resistance and are part of the solution 

including healthcare professionals, 

academics, industry professionals, 

policy makers and regulators.”

To foster meaningful discussion and 

interactions for impact.

#Malariawhatsnext 29th and 30th of October 2019



Speakers & Participants

Malaria in Africa: What’s next? 
Understanding Malaria and its Potential for Resistance in Nigeria and Ghana 



Malaria in Africa: What’s next? 
Understanding Malaria and its Potential for Resistance in Nigeria and Ghana 

• Day One: 

IDENTIFYING THE 

PROBLEM  

#Malariawhatsnext



Malaria in Africa: What’s next? 
Understanding Malaria and its Potential for Resistance in Nigeria and Ghana 

#Malariawhatsnext

• Day Two: 

PATHWAYS TO 

IMPACT







Malaria in Africa: What’s next? 
Understanding Malaria and its Potential for Resistance in Nigeria and Ghana 

PROBLEMS IDENTIFIED – Relevant to Drug 

Development of Age Related Medicines

MULTIMORBIDITY

FAKE MEDICINES





Who are Fight the Fakes?

• A campaign that aims to raise 

awareness about the dangers of fake 

medicines. 

• Gives a voice to those who have been 

personally impacted and shares the 

stories of those working to put a stop to 

this threat to public health. 

• Build a global movement of 

organizations and individuals who will 

shine light on the negative impact that 

fake medicines have on people globally.

• Reduce the negative consequences on 

individuals worldwide.



10 founding partners in 2013

Originally set up in 2013 by 10 organizations 



2013

2019

Who and when?

TODAY: 
37 partners 

across the whole supply 
chain. From doctors, 

nurses and pharmacists 

to manufacturers and 
distributers to patients



King’s College London Fight the Fakes

We are a multidisciplinary

undergraduate and postgraduate

student-led campaign with a focus on 

falsified antimalarials and antibiotics, 

two of the most reported counterfeit drugs.

In addition, our campaign also includes 

raising awareness of the rising use of 

falsified, counterfeit and substandard 

medicines in the United Kingdom.

Founded - March 2020



The Team



Our Strategy

Founded - March 2020

❑Establish partnership with other 
FTF global partners and non-FTF 
global partners.

❑Research
❑Quality assessment
❑Solution focused multidisciplinary 
projects

❑Analysis of available literature
❑Critical reviews
❑Systematic reviews & meta-
analysis 



• Fight the Fakes Week 2020
• 3rd, 7th -11th of December 

2020
• Virtual events (talks/panel 

sessions/podcast)
• 2021 Strategy 
• Board of Advisors 

Announcement 





Drug Development and Age-Related Medicines

Patient 
Acceptability & 

Compliance

Inclusion of 
older adults in 
clinical trials 

Stakeholder 
engagement 

activities:

Malaria in 
Africa: 

What’s Next?

Call to action

UK, LMIC/Developing countries



Call Action

❑ Global collaboration

❑ Individual

❑ APS Age Related Medicines Focus Group



ADDRESSING THE GLOBAL ISSUE - DRUG DEVELOPMENT OF AGE-
RELATED MEDICINES 

SYNERGISTIC PARTNERSHIPS



"When people work together toward a joint goal, they can 
accomplish something larger, greater, and with more impact than 

something done in isolation."

COLLABORATION + SYNERGY = IMPACT & INNOVATION

SYNERGISTIC PARTNERSHIPS: CATALYST FOR IMPACT & 
INNOVATION

ADDRESSING THE GLOBAL ISSUE - DRUG DEVELOPMENT OF AGE-
RELATED MEDICINES 



UNRELATED EXAMPLE

Intra-Africa

ADDRESSING THE GLOBAL ISSUE - DRUG DEVELOPMENT OF AGE-
RELATED MEDICINES  




