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Outline

• Drugs and Drug Products/Delivery Technologies that are not well understood enough – Evolving
• Drugs and Drug Products/Delivery Technologies that are fairly well studied through science –

Lagging behind in approvals

• Drugs and drug products/Delivery Technologies that are understood and approved, but may have 
barriers for effective utilization and marketing –

Background/need for modernization of pharmaceutical manufacturing
Consistency in regulations ensures readiness to develop and adopt technology
Regulatory pathway for 3D products – A new opening

• Drugs and drug products/Delivery Technologies that are understood and approved, but generic 
products have no access.

Science can overcome regulatory hurdles; A few practical examples



Drugs and Drug Products/Delivery Technologies that are fairly well studied 
through science – Lagging behind in submissions or approvals

• Some examples ( Pubmed.Gov accessed on 05-30-2020)

• Oral delivery of proteins – 1963-2020 > 7000 manuscripts
• Oral delivery of insulin – 1972 – 2020 > 1700 manuscripts
• Herbal drugs – 1947-2020 >56000 manuscripts

• Two products approved so far; Sinecatechins, Veregen® and 
crofelemer, Mytesi™

• Over 150 approved brand products where there are no generic 
products



Paw-Paw: Explanation of Clusters in PCA Scores Plot
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Selection of Excipients

• Well known excipients
• Monograph
• IIG List for adult products 

(http:/www.accessdata.fda.gov/scripts/cder/iig/index.cfm)
• Documented human use in the proposed level
• GRAS

• New excipients (Battery of tests needed) 
(http://www.fda.gov/cder/guidance/5544fnl.cfm)

Mansoor Khan 2015

http://www.fda.gov/cder/guidance/5544fnl.cfm
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Process/formulation variables
Mechanistic evaluations

Characterization

Our staff developed an ability to understand
product variability due to processing and 
formulation variables 

DPQR/FDA 
Publications
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PAT & QbD Proven understanding of 
QBD/PAT

NIR Probe

Spectrometer unit

NIR Probe

Spectrometer unit



Quality, design space and regulation

• Design space – The multidimensional combination and interaction of input variables 
(eg. Material attributes) and process parameters that have been demonstrated to 
provide assurance of quality.  Working within the design space is not considered as a 
change. 

Guidance for Industry, CDER/CBER, Rev 2, Nov 2009

• Quality Product – Dr. Janet Woodcock 
A high quality drug product as a product free of contamination and reproducibly 
delivering the therapeutic benefit promised in the label 

Free of contamination: CGMP focus 
Reproducibly delivering the therapeutic benefit promised in the label
Without extensive regulatory oversight
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… and a Team

• Without a cross functional team, a QbD project can not succeed… 
thus a BIG thank you to all our team members!
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Quality Monitoring
MVDA Modeling Strategy
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Full Scale Design Space Confirmation
Lab Scale to Manufacturing Scale

25 Liter Gral

Lab Scale Dryer

600 Liter Gral

Manufacturing Scale Dryer
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DOE for Full-scale DP Design Space Confirmation
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23 factorial DoE design

a 23 full factorial design for Exjade® 500mg (8 batches A-H) Tablets and
to complete that DoE for Exjade® 125mg(2 batches K-L), 250mg (2 batches I-J)
using a bracketing approach encompassing two batches each at extreme values 



Quality Monitoring
IT/Automation infrastructure supporting MVDA

[H
is

to
ria

n]

Data Node
DDCNiFix

[A
pp

lic
at

io
n]

NIR

iFix

NIR

[S
CA

DA
] Data Node

DDCN

NIR

Fix32

... n ... n

Fix32

Da
ta

 fl
ow

PSD

MVDA Client

PLC PLC PLC PLC

QDIS MVDA Application Server

DP Historian

[E
qu

ip
m

./
PL

C]

Novartis LAN/WAN
Production LAN

Firewall

New 
Components

API Historian

Firewall



16

Quality Monitoring
Observation Level / Failure detection

• Example: Chopper was not working during 
granulation
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QbD Pilot Project Timelines (actual) Regulatory Activity

• DS submission
• EMA: Filed 3Oct2008      Approved 05Jan2010

• Response Filed 5Oct2009, PAI 17-21Mar2009
• FDA: Filed 3Oct2008

• Responses Filed 30Jan2009, 13Oct2009, 5Feb2010, 28Apr2010
• Complete Non-Approvable Response Letter Received 18Feb2010

• Response planned for 2Q2011
• PAI 5-9July2010 – Approval Recommended

• DP submission
• EMA: Filed 13Mar2009     RTRT Approved 13Jan2010

• Response Filed 5Oct2009
• PAI 24-28Aug2009

• FDA: Filed 2Apr2009 Approved 17Dec2010
• Responses Filed 13Nov2009, 9Mar2010, 23Apr2010, 21June2010
• PAI 28-June through 2-July-2010

17
C. Balducci, Novartis AIChE 2011



Top reasons of FDA Product recalls (2013 to June 2019)

• cGMP issues – 905
• Microbial contamination – 741
• Stability – 606
• Degradation – 339
• Particulates – 302
• Data integrity – 266
• Dissolution – 198
• Super-potent – 116
• Potency failures – 106

Total Recalls – 10,284

• Class 1 recalls - 1139
• Class 2 recalls – 8034
• Class 3 recalls – 1070
• Unclassified – 40







3D Printing - Selective Laser Sintering (SLS) 

1. Barakh Ali SF, Mohamed EM, Ozkan T, Kuttolamadom MA, Khan MA, Asadi A, 
Rahman Z. Understanding the effects of formulation and process variables on 
the printlets quality manufactured by selective laser sintering 3D printing. Int J 
Pharm. 2019;570:118651. 



Defects - Very different from compressed 
tablet defects

• Banding: ripples on a part’s sides caused by vibration in the x-y plane during printing
• Leaning: off-axis parts caused by drift in the x-y plane during printing
• Warping: part distortion caused by thermal expansion or contraction
• Stringing: wisps of filament caused by filament elongation during an extruder’s off phase
• Collapse: loss of porosity caused by sagging layers or excessive mass/energy input
• Residuals: unbound powder or uncrosslinked monomer caused by incomplete printing

Be prepared for a several new type of products – IR, ER, DR, Combinations, Precision Medicines –
Possibility of real-time monitoring, feed-back control loops, continuous manufacturing



What should we call the product - Nomenclature

• Is this a tablet?
• Is this a lozenge?
• Is this an ODT?
• Is this a triturate?
• Is this a wafer?
• Is this a 3D tablet?
• How do we protect the novelty of the product?
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Continuous Manufacturing



Geometric, 
Kinematic, 
Heat 
transfer, 
Mass 
transfer

Bioreactor
/Synthetic

Compatibility, 
Concentration, 
Solubility, Tg, 
Particle size 
dist.

Ionic strength, 
Buffer choice, 
Appearance, 
Viscosity, pH, 
Batch size, Yield, 
Moisture 
content, 
Impurities

Mixing, Filtration, 
Sterilization, 
Freeze-thaw, 
Agitation, Filling, 
Spray drying

Storage, Temperature, 
RH, Light, Handling

UV, HPLC, UPLC, MS, 
MS/MS, DSC, TGA, X-Ray

Material, Geometry, 
integrity, Headspace 
pressure, Leachables, Fill 
volume, Terminal 
sterilization feasibility

Lyophilized 
powder, 
Nanomaterials, 
Microsphere, 
inhalation 
solution

Drug Product Life-cycle

NDA/505(b)(1)
BLA 351 (A)

Other NDAs/ANDA(s)/Biosimilars
505(b)(2), 505(j)

Approvals
Supplements Supplements

1000+  /YEAR SUBMISSIONS 1000+  /YEAR RECALLS

Pharmaceutical/Biopharmaceutical Drug ProductsO

Mansoor Khan, FDA 2015



Dissolution of Vancomycin
(from generic product approvals)

 Dissolution of Vancomycin 250 mg Capsules in 
Media pH 1.2, 4.5, 6.8 and Biorelevant Media pH 4.5 and 6.8  
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Acyclovir cream - HSV-1 in skin

28

Formulation Qty. of drug 
permeated 

at 24 h 
(µg/cm2)

Flux 
(µg/cm2.h)

Drug retained in epidermis 
(mean thickness 71.2 µm), 

DRE 
µg/cm2 µg/ml*

Zovirax® 

(pH 7.92)
12.04±1.10 0.78±0.06 2.20±0.34 308.4±47.9 

F-12
(pH 5.11)

19.41±1.53** 1.22±0.12** 2.91±0.43 408.4±60.8

F-13
(pH 6.75)

17.89±1.99* 1.14±0.13* 3.42±0.49 497.7±68.3 

F-14
(pH 8.43)

16.25±2.24 1.07±0.15 2.16±0.41 303.7±57.2 



Physicochemical characteristics (Structural sameness, Q3) and In 
vitro performance tests – Additionally they are Q1 and Q2

• pH
• Spreadability (Yield stress)
• Viscosity at low, medium and high shear rates
• Particle size and distribution
• Content uniformity (top, middle and bottom)
• Drug concentration in aqueous phase
• Drug release rate
• Drug retention in epidermis (DRE) at the end of in vitro permeation 

study

29
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Conclusions

• Continue developing strong science-based policies, and defend their 
actions through science and communication

• Utilize internal and external resources to promote innovative 
products and manufacturing – Publicize the impact of changes

• Understand and connect the past recalls with modernization of 
pharmaceutical manufacturing – A goal of reduction of recalls should 
be of mutual interest to FDA, Industry, Academia, and the patients

• QBD with MVSPC could be a solution to inspectional challenges
• Recognize and promote the advances in science in OLDP and OGD in 

addition to other offices
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