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Population Scale Delivery of Personalized Therapies 

Individualized Cloud Based Formulation Fulfilled by Robotic Small Batch Manufacturing 

For personalized medicine to reach its potential to treat many individuals more effectively, not 

only is selection of the right drug and right doses critical, but also the right combination of 

drugs. Panaceutics Inc has patented and built an automation platform that can receive an online 

created formulation and can then, on-demand, efficiently manufacture a personalized combinatorial 

therapy optimized to an individual’s medical needs. This delivery platform has an additional 

advantage in that it produces a single patient friendly dosage form combining all active ingredients 

at appropriate dose to help reduce pill burden. Pill burden is widely documented as a cause of poor 

therapy adherence and outcomes associated with many chronic diseases, such as cardiovascular 

disease (CVD), anti-retroviral, and metabolic diseases.  

Cardiovascular disease, (‘CVD’), a multi-symptomatic disease, is often managed with several 

drugs, taken concurrently each day. With patient’s personal health data including age, sex, weight, 

genetics, and lab assays as parameters, bio-simulation software, based on physiological based 

pharmacokinetic models, can recommend a “poly therapy” to cardiologists which maximizes 

benefits while minimizing potential adverse side effects, (Figure 1). Panaceutics’ automation 

platform coupled to bio-simulation and associated formulation algorithms is currently being 

developed to handle a broad range of commonly prescribed, small molecule CVD drugs. In 

collaboration with a major hospital group serving a population of over 70,000 CVD patients, the 

development goal will be to demonstrate “precision generic” CVD therapies with high adherence. 

 

Challenges of Therapies for Complex Chronic Diseases  

To address the multi-factorial symptoms associated with CVD, drugs for hyperlipidemia, 

hypertension, and anti-coagulants are often prescribed for the same patient. It is well known that 

the regular and consistent use of medications varies inversely with the number of medications 

prescribed, in other words, the more medications recommended, the less likely a patient is to take 

them (Smith, 2016). Recent JAMA data showed that over 15% of US adults take more than 5 pills 

Figure 1 Automation Platform for Personalized Combinatorial Therapies 
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a day, and that adherence to chronic prevention therapies is less than 50%, with a corresponding 

poor outcome for pervasive chronic diseases. (Kantor, E; Rehm, D; Hass, J.; Chan, A.; 

Giovannucci, E;  2015) (Figure 2). This often results in a level of “pill burden” that reduces patient 

adherence and increases the risk for adverse drug reaction (ADRs). This practice ultimately reduces 

the effectiveness of treatment and increases the chances of rehospitalization. The annual cost 

associated with the increased risk of ADR’s has been estimated to be $30B, resulting in 1 out of 5 

deaths (Sultana, Cutroneo, & Trifiro, 2013). The estimated cost of nonadherence exceeds $290B 

annually in the USA, therefore improvements to adherence could have dramatic effects on 

healthcare costs and patient outcomes (American Heart Associations, 2016).    

Non-adherence  

The causes of medical non-adherence are 

multifactorial, but several studies have 

demonstrated that reducing the complexity of 

the prescribed regimen increases adherence 

and improves outcomes (Pharmaceutical 

Research and Manufacturers of America, 

2011). Many different approaches to improve 

adherence have been proposed and tested 

such as; fixed-dose combinations, once daily or 

weekly dosing, multi-drug packaging in blister packs, and several behavior protocols. For example, 

in the Federal Adherence to Medications study (FAME), a simple prepackaging of pills into a blister 

pack improved adherence by 35% over patients receiving their pills in separate bottles as typically 

done by a pharmacy (Lee, Grace, & Taylor, 2006). However, combinatorial pill packs do not 

eliminate the physical pill burden associated with people taking many medications, such as the 

difficulties with swallowing that are often associated with age. The gel/puree suspension design of 

Panaceutics’ first delivery form eliminates pills, eases swallowing, and adds sensory appeal with 

patient chosen flavors that can be changed on each refill. 

 “Polypill” Concept  

Another approach, as first proposed by Wald and Law in 2003, combining several drugs such as 

aspirin, cholesterol and blood pressure lowering agents into a fixed dose cardiovascular “polypill” 

has demonstrated market effectiveness in both primary and secondary outcomes (Wald & Law, 

2003) (Lafeber, et al., 2011). Data from multiple trials have demonstrated the fixed-dose CVD 

polypills increase adherence, lower LDL cholesterol, and lower blood pressure. (Lafeber, et al., 

2016). In addition, The Indian Polycap Study (TIPS) demonstrated that 5 CVD drugs combined in 

a single pill was effective, well tolerated, and showed no drug-drug interactions (Anil Patel, 2010).  

Even though the polypill strategy is attractive solution to the problem it lacks the flexibility to the 

address the individual needs. Due to fixed combinations in a single pill, there are no means to 

change the class or dose of statins, BP-lowering, or diuretic drugs to address an efficacy, 

contraindications, or unacceptable adverse effects for individuals. Many different CVD “polypills” 

Figure 2 Cardiovascular therapy adherence patterns 
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could in theory be developed by 

pharmaceutical companies to 

try to match the patient subsets; 

however, that approach would 

be costly and does not address 

the needs of an individual but 

just a subset of patients. With 

the explosion of diagnostic tests 

for efficacy, genetic testing to 

provide guidance for right drug, 

and the availability of well understood generic drugs, the opportunity exists to combine drugs in a 

single formulation that improves adherence, efficacy, and outcomes in a cost-effective way (Haga 

& LaPointe, 2013) (Antman & Loscalzo, 2016).  In addition, the FDA has been hesitant to give 

approval to “polypills” in the past as the “FDA believes there are patients who do not take the 

recommended cardiovascular medications because they ‘cannot get the follow-up necessary for 

titration” (Traynor, 2014). Titration of lower doses can help alleviate side effects and provide better 

outcomes as shown in a recent paper that demonstrated that dosing patients with untreated high 

blood pressure at quarter-dose each of irbesartan, amlodipine, hydrochlorothiazide, and atenolol 

achieved target blood pressure below 140/90 superior to any single drug with no adverse events. 

(Clara K Chow, 2017). 

High Variability in both Pharmacokinetics and Pharmacodynamics  

Cardiovascular drugs are known to have wide inter-individual variability in dose/plasma 

concentration/response relationships for both their therapeutic effects and side effects (EL Desoky 

& Derendorf, 2006). Variability in pharmacokinetics (PK) and pharmacodynamics (PD) is due to 

many factors such as genetic polymorphisms, gender, age, disease status, ethnicity, weight, and 

environmental factors (food and drugs). Some of PK inter- individual variability can be contributed 

to the genetic polymorphisms in the cytochrome P450 (CYP) oxidative drug metabolizing enzymes 

and genes involved in 

absorption, distribution, 

metabolism, and excretion 

(ADME). Genetic testing for 

variations in the ADME genes 

are already being used in 

hospitals practicing 

Individualized Medicine, such 

as the Mayo Clinic, to help 

select the best drug for the 

patient’s metabolism. 

However, other effects such 

as body composition, age, 

Figure 3 Active ingredients of multiple pills combined in gel suspensions 

Figure 4 Cardiologist clinical formulation aid for optimal combinatorial therapy 
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gender, weight, and disease state of the individual can affect the PK of drugs and this is not easily 

predicted. In addition, the PD effects are less well understood at the genetic level, and dosing still 

requires a patient’s dose be adjusted to optimize the efficacy while minimizing side effects 

(Pichardo–Almarza1, L Metcalf1, & Diaz-Zuccarini, 2015).  However, several companies such as 

DoseMe-Rx and Certara have created bio-simulation models that incorporate individual data to 

inform precise dosing in complicated patients and could be used in the clinic to provide decision 

support for clinicians prescribing complicated drug regimens, (Figure 4). 

Diagnostics and Wearables Provide Feedback  

In addition to modeling initial dosing, 

utilizing emerging technologies such as 

wearable or internet connected sensors, 

for example activity monitors, and pulse 

and blood pressure monitors, in 

combination with point of care 

diagnostics can help monitor the 

individual’s response or adverse 

reactions to medication. In 2016 the 

National Heart, Lung and Blood Institute 

Point of Care Technology working group 

recognized that these new technologies 

“possess the potential to transform 

medical research and patient care” 

(National Heart, Lung, and Blood Institute Working Group, 2016). Using diagnostics and wearables 

provides an opportunity to maximize efficacy and minimize side effects on a continuing basis using 

a “closed loop system” that consists of administration of drug, efficacy measurement, and dose/drug 

adjustment. Panaceutics’s automated compounding platform combined with appropriate feedback 

information could optimize therapies to improve adherence and efficacy in a reiterative personalized 

method, (Figure 5). 

Need for Cost Effective Approaches  

Finally, even though new once per month therapies such as the PCSK9 antibodies are effective at 

lowering LDL, the data from recent trials suggests that the $14,000/year costs are not justified for 

the marginal effects on reducing heart attacks and strokes (Dullaart, 2017). In addition, 3D printing 

of combinatorial pills is currently limited by speed of production where it takes minutes to print a 

single pill, technical constraints in handling heterogenous active compounds and by the intense 

thermal and ultraviolet light used in 3D processing which deactivates pharmaceutical and nutritional 

actives. (Goole & Amighi, 2016). A rapid $2-3/day approach combining generic drugs to improve 

adherence could significantly reduce healthcare costs to patients and providers.  

 

Figure 5 Closed loop titration for control of hypertension and rate 
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Panaceutics’s Innovations  

Panaceutics patented, rapidly 

scalable automation, combines 

modular automation concepts 

from the semiconductor industry 

with Good Manufacturing 

Practices of advanced 

pharmaceutical manufacturing. 

The system is designed to 

ensure efficiency in discrete 

batch production of 1-5 liters of 

personalized compounds, 

(Figure 6). “Quality by Design”, 

(‘QbD’), uses closed containment design, minimizing human operator exposures.  Panaceutics’ 

QbD controls and validates the processes by constantly monitoring and logging digitized sensing 

of parameters including pH, temperature, flow rate, homogeneity, conductivity, and other derived 

measures. Real-time control limits are embedded in the system design to catch any process 

deviations at the individual batch level.  Quantification of “Clean-in-Place” processes between 

batches ensures elimination of batch-to-batch cross contamination and ultra-low microbial load.  

Panaceutics drug delivery method is designed to provide a controlled and stable release of active 

compounds using proven pharmaceutics methods.  To accomplish high rates of compound 

extrusion while ensuring compound stability and eliminate drug-drug or emergent chemistry, active 

compounds are isolated from 

one another and the carrier 

colloidal media using patent 

pending process of micro-

encapsulation and thixotropic 

titration, (Figure 7). To ensure 

well defined pharmacokinetics 

of each drug, Panaceutics is 

performing bioequivalence trials 

for each drug in healthy 

volunteers in conjunction with 

its hospital partners.  

Automated Pharmacy as Pathway to Personalized Formulations  

Panaceutics, has 503A and 503B Outsourcing Pharmacies to provide a commercial and regulatory 

platform for its automated platform. The Drug Quality and Security Act (DQSA) created a new 

section, 503B, where a pharmacy can become a registered “outsourcing facility”. A 503B is a facility 

that is engaged in the compounding of sterile drugs and non-sterile compounds under cGMP rules. 

Figure 6 Quality by Design as implemented in Panaceutics 2nd generation automation 

Figure 7 Micro‐capsule method of isolating active drugs and controlling release mode 
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503B facilities are inspected by FDA according to a risk-based schedule; and must meet certain 

other conditions, such as reporting adverse events and providing FDA with certain information about 

the products they compound. A fundamental limitation of traditional drug compounding is the low 

throughput and skilled labor intensity inherent with pharmacists and technicians to manually 

produce individualized therapies. A typical pharmacist and technician team can produce about 25-

30 orders a day. One module of the 2nd generation platform can produce 25-30 orders/hr or make 

15K orders/month at 85% utilization. Total capacity to serve large patient populations is scalable by 

increasing the number of automation line modules without changing the size or scale of the system. 

This modular scaling approach has QbD advantages in that processes validated at one scale do 

not require revalidation on scale up to higher volumes. 

Panaceutics’ automated platform offers a modularly scalable system with a QbD foundation to 

support the administration of poly-therapies with individualized drug selection and dose. This 

flexible delivery platform provides an economic solution that allows medical providers to adjust dose 

based on pharmacodynamics responses at monthly intervals. The small footprint of the 

personalization platform makes it possible to locate it near medical centers when demand warrants, 

while maintaining full cGMP quality control of ingredients and processes of manufacture. This data-

driven and rapidly responsive solution has the potential to improve adherence and outcomes, 

logically better than the outstanding improvements achieved in fixed dosed polypill studies.  Such 

drug choice and dosing flexibility should improve efficacy and reduce side effects for individual 

patients, further factors in improving patient motivation to adhere.  

Conclusion 

The potential to expand the benefits of personalized medicine to large patient populations is 

enabled by the confluence of widely available patient data including genomic, metabolomic, and 

bio-marker assays combined with new innovations in small batch pharmaceutical manufacturing 

using robotics and software formulation developed by Panaceutics.  This offers significant potential 

for low cost, generic drug based, combinatorial therapies tailored to optimize efficacy and reduce 

adverse side effects. This approach offers a new paradigm of efficiently made, on- demand 

individualized therapies, which might be termed “precision generics”, highly suited to many multi-

factorial chronic diseases. These breakthroughs could power the reduction of pre-mature deaths 

from chronic diseases, such as cardiovascular disease in large populations, which are known to be 

effectively managed with low cost generic drugs, provided that daily adherence to such regimens 

is followed. Individually composed poly-therapies made with advanced small batch technology can 

deliver right drug, right dose, right combinations to large patient populations.    
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