


 

        

  

 

1.2.2. Number of students enrolled in subject related Certificate/ Add-on/Value added 

programs and also completed online MOOC programs like SWAYAM, NPTEL etc. 

year wise during last five year 

 

 

STUDY MATERIAS OF ADD-ON COURSE OFFERED BY THE INSTITUTION 

 

Sl. No COURSES View Page 

1.  Advanced Computational Drug Design  View Page 

2.  Advanced Computational Biochemistry  View Page 

3.  Value Creation Through Innovation  View Page 

4.  Clinical Skill Enrichment Programm View Page 

5.  Communicative English  View Page 

6.  Quality By Design Setting of Qualitative Targets View Page 

7.  Sigma Plot: A Tool for Statistical Analysis View Page 

8.  Pharmacokinetic Modelling Programme View Page 

9.  Basic Course in Yoga and Meditation View Page 

 

 

 

 

 

 

 

 

 

 

 

 











































































































PRESENTED BY 

DIVYA V

2ND SEMESTER

PHARMACEUTICAL CHEMISTRY



 History.

 Different techniques.

 Applications.



1880-1930 Pharmaceutical industry started,established 
research laboratories to develop new drugs.

End of 19th century Pharmacophore concept introduced by Paul 
Ehrlich

1900 Concept of lock and key-by Paul Ehrlich & 
E.Fischer.

1907 Arsphenamine synthesized-treatment of 
syphilis.

1960s Attempt to relate chemical structure with 
biological action quantitatively.

Mid 1960 CADD was born as QSAR.

1970s QSAR becomes most relevant in drug
designing including 2D

1980s 1st computer based docking,data based 
combinatorial libraries.



1990s Human genome 
project,Bioinformatics,Combinatorial
chemistry,High-throughput screening.

1992 Methods for de-novo design.

2000s Pharmacogenomics.

PAUL EHRLICH HERMAN EMIL FISCHER



 Numerous success designed drugs were 
reported,

 Dorzolamide- Cytoid macular edema

 Zanamavir- Influenza infection

 Sildenafil-Male erectile dysfunction

 Amprenavir-HIV





 LIGAND BASED DRUG DESIGN(LBDD)
 A model of biological target may be built on 

knowledge of what it binds to it,& this in 
turn used to design new molecules that 
interact with target.

LIGAND BASED 
DRUG DESIGN

STRUCRURE BASED 
DRUG DESIGN



STRUCTURE BASED DRUG DESIGN(SBDD)

 3D structure of biological target obtained 
through,

X-ray crystallography

NMR spectroscopy

 Using structure of biological target, candidate

drugs are predicted to bind with high affinity & 
selectivity to the target are designed through 
computational procedures.





 VIRTUAL SCREENING

 Identification of new ligands for given receptor  
to find those fitting in binding pockets using 
docking programmes.

 DE-NOVO DESIGN

 Ligand molecules built up within the 
constraints of binding pocket by assembling 
small molecules.



DOCKING
Attempts to find best matching between 2 
molecules.



 PHARMACOPHORE MODELLING



CADD IN LEAD GENERATION

chemistry



 CADD IN LEAD OPTIMIZATION

 Using QSAR methods that relate biological 
activities with stereoelectronic properties.

 MOLECULAR DOCKING

 To understand drug-receptor interaction

 FOLD RECOGNITION METHODS

 Model protein with sequence comparison 
method uses several databases.

 ADME/Tox properties

 Ionizability,lipophilicity,aqueous solubility 
etc



 E.g. of drugs designed through CADD

 Inhibitors of renin

 Inhibitors of dihydrofolate reductase

 Antiviral  drug design

 Non-nucleoside reverse transcriptase 
inhibitors

 Opioid peptides

 Thrombin inhibitors



 Gareth Thomas.Textbook of medicinal 
chemistry.Wiley Publishers:2007(2);112-124

 Pranta.P.kore,Madhavi.M.Mutha et.al. 
Computer aided drug design;an innovative 
tool for modelling.Open journal of medicinal 
chemistry,2012(2);139-148

 Application of computer aided drug design by 
Joo Chuan Tong

 Chun.Meng.Song et.al.Uses of computer 
aided drug design and discovery a 
review.International Journal of Pharmaceutical 
sciences.Vol 1 issue 2;2012  





MOLECULAR MODELING 

AND 

VIRTUAL SCREENING TECHNIQUES
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Life-Science Entrepreneur:How to pitch to an INVESTOR



Elevator pitch The problem

Technology solution Business Model, Tractions and Projections

Market opportunity Competition and substitutes slides

Product development and regulatory slide Intellectual property

Leadership team slides Investor exit and timeframe slide

Potential risk and mitigations Summary

Investor pitch-Outline



• Elevator pitch

• Deliver a short summary of your project within the time it
takes for an elevator ride, so about 30 seconds.

• Challenging right? You have a mere 30 seconds to hook the
investor and convince them that your idea is worth their time.

• Experienced investors will weed out good ideas from the bad
ones within the first minute so keep it simple and captivating.



• The Problem

• The Problem:The better that investors
understand and agree with the significance of
the problem

• Technology and Product “Solution” Slide

• How does your technology/product application
specifically solve the problem

• Show Data! – nothing substitutes for plenty of
evidence (data) that your proposed product can
work – Show experimental results, prototype
testing results, external or independent testing
results mechanism- of-action



• Market Opportunity/Strategy

• Show how big the market is in dollars/INR

• Business Model, Tractions and Projections

• Describe how will you make money – Are you
going to sell the end product or are you an
intermediary?

• Show how you will reach your customers – Will
you need distributors



• Competition and Substitutes Slide

• Describe the current and future
competition for your proposed product

• What are your product’s points-of-
differentiation compared to the
competition or substitutes for your
product

• Product Development and Regulatory Slide

• Describe your current product development stage 
and what has been accomplished to date

• Describe the product development milestones and 
the timeframe you expect to reach these

• Briefly discuss the regulatory pathway for approval



• Intellectual Property

• Discuss your issued patents

• If IP is licensed, describe the terms

• Leadership Team Slide

• Describe the current senior management
team and their relevant background
information

• Show who are your advisors



• Investor Exit and Estimated Timeframe Slide

• Potential Exit and Timing (Do you anticipate a
potential IPO or an acquisition)?

• If acquisition, list your top 3 potential
acquirers

• Share how long you anticipate it may be
before an investor exit

• Potential risks and mitigations

• Any critical technology development risks

• All regulatory issues and risks for your particular 
product 

• Major market issues for acceptance of your product



• Summary

• Summarize the points you want the audience to
remember when they walk away

• The novelty of your technology and the unique
opportunity of your product



Entrepreneurship

Dr. Fels Saju 
Associate Professor 

Nirmala College of Pharmacy
Muvattupuzha
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INHIBITIONS



AGE ……….. ???



RITESH AGARWAL



EDUCATION….. ???



LAKSHMI PRASAD



SEX…????



BEENA KANNAN



FAMILY BACKGROUND 





Qualities



Unlimited   DREAMS







IDENTIFY YOUR PASSION





Blend your dreams with passion







Why Entrepreneurship ??
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Major 
Challenges

Lack of orientation
01

Funding04

Why business after years of
fancy education02

High-risk affair03
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Steps in Entrepreneurship Process 

Identify a need & find the best solution 
01

Feasibility Analysis 02

Funding
03

24



Identify a need & find the best solution 
01

Steps in Entrepreneurship Process 

25
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Feasibility Analysis 02

Steps in Entrepreneurship Process 

27



Assessing achievability of the endeavor 

Feasibility Analysis 02

28



Proposed 
Venture 

Product / 
Service 

feasibility 

Industry/
Market 

feasibility 

Financial 
feasibility 

Legal 
feasibility 

Yes in all 4 
areas 

Proceed 
with your 
business 

plan 

Feasibility Analysis 02

29



• Check the acceptance of the product /  
service being offered 

• Benefits of the product / service 
Users of the product will be asked to perform 
certain tasks with the product 

Helps to assess 

• Products ease of use 

• Users’ perception of the experience 

• Drawbacks 

01 Product/Service feasibility

Usability testing

Concept Testing

Feasibility Analysis 02

30



Check whether it is Saturated industry / New industry 

Growth potential 

Primary and secondary research

Primary research – collected by entrepreneur by talking to potential customers
and key industry participants

Secondary research - industry related publications, government statistics,
reports from research firms

Segment of a larger market that can be defined by its own unique needs, preferences or identity that
makes it different from the market at large

02 Market feasibility

a. Industry attractiveness

b. Identification of Niche market

Feasibility Analysis 02

31



Market survey 

Demographic & Sociological information: Age, gender, income,
residence, religion, customs, beliefs and social background

Attitudinal information: preferences, intentions, attitudes,
habits and responses

Analysis
• Target market 
• Barriers to entry 

Qualitative Methods: Jury of executive opinion methods and Delphi method 

Quantitative methods : Time-series method and casual methods 

c. Current demand analysis

d. Future demand forecasting

02 Market feasibility

32



Land, site development, buildings and civil works
Plant and machinery
Preliminary and capital issue expenses 
Working capital
Initial cash losses 
Salary and employee welfare
Insurance

Share capital 

Term loans

Debenture capital

Feasibility Analysis 02

a. Cost of project

Financial Feasibility
03

b. Means of finance

33



•Ability to generate financial profit or gain from the project. 

•it is calculated by the cost-income ratio. 

Total Sales = Total expenses 

Break-even is a situation where an organisation neither makes money nor loses money, but all the costs are covered.

c. Project profitability

d. Break even point

34

Financial Feasibility
03



• Copyrights or patent laws

• Trust/company laws

• Labor regulations

• Environment laws 

Legal feasibility
04

35

Feasibility Analysis 02



Funding03

Steps in Entrepreneurship Process 
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Advantages 

Financial control 

Creative freedom 

Chance to prove business model 

Bootstrappinga

Disadvantages 
Personal risks 
Slower growth 

Self funding 

Funding
03
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Crowdfundingb

Funding
03
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• Individuals with surplus cash 

• keen interest to invest in upcoming startups.

• They also work in groups of networks to collectively screen the 
proposals before investing.

Angel investors c

Funding
03
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Venture capitals are professionally managed funds who invest in companies that 
have huge potential.

Venture capitalsd

Business incubators & 
Acceleratorse

Funding
03
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• Mudra loan 

• MSME government business loan scheme

• District entrepreneurship  development cells 

Government schemes & Loansf

Funding
03

47



Overcome challenges by better 
planning Major 

Challenges

Lack of orientation
01

Funding04

Why business after years of
fancy education02

High-risk affair03
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Thank You
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MICROBES AND ANTIBIOTICS

by

Sneha susan joshy

pharm d intern



GRAM-ve GRAM+ve ORGANISMS ANAEROBIC

Escherichia
Haemophilus(B)
Klebsiella
Meningococcus
gonococcus
Actinobacillus(B)
Aeromonas(B)
Brucella
Citrobacter
Enterobacter
Enterobacteriaceae
Francisella
Legionella
Neisseria
Pseudomonas
Salmonella
Shigella
Vibrio

Staphylococcus
Streptococcus
Enterococcus
Micrococcus
Mycobacterium tuberculosis
Clostridium botulinum
Corynebacterium diphtheria
Clostridium tetani
Bacillus anthrax

Actinomyces—GP

Bacteroides—GN

Clostridium—GP

Fusobacterium—GN

Lactobacillus—GP

GP = Gram-positive

GN = Gram negative



COMMON BACTERIA AND INFECTIONS

• RESPIRATORY TRACT INFECTIONS-

GRAM+ve(STREPTOCOCCUS,HAEMOPHILUS)  

• SKIN IFECTIONS                   -GRAM -ve (STAPHYLOCOCCAL)

• URINARY TRACT INFECTIONS -GRAM NEGATIVE(ECOLI)

All cocci are +ve except meningo,gono

All bacilli are –ve except DATA(diphteria,actinomyces,tetanus,anthrax)



ANTIMICROBIAL RESISTANCE
unresponsiveness of m.o to an AMA

• MDR( multidrug resistance)

Non susceptibility to atleast one agent in 3/more antimicrobial 
categories

Bacteria that resist treatment with more than one antibiotic are called 
MDROs

Eg:MRSA(methicillin resistant staphlococus aureus)

VRSA

• XDR( extensively drug resistance)

Non susceptibility to atleast one agent in all but 2/fewer antimicrobial 
categories



• ESBLs(extended spectrum beta lactamase producers)

gram negative organisms( enterobacteriacea,klebsilla,ecoli)

Inactivate beta lactum type antibiotics

• NDM- new delhi metallo betalactamse 1

enzyme that make bacteria resistant to broad range of beta lactum
antibiotics

Eg: gram negative –ecoli, klebsilla

• CRA(carbapenem resistant Acinetobacter baumani)

Resistant to nearly all antibiotics

• CRE ( carbapenem resistant enterobacteriacea)

resistant to an antibiotic class(carbapenems)





BASED ON MODE OF ACTION

BACTERIOCIDAL(kill)

Inhibition of cellwall synthesis

PENCILLINS,CEPHALOSPORINS,AMINOGLYCOSIDES,VANCOMYCINS,

FLUROQUINOLONES,RIFAMPICIN,METRONIDAZOLES

“P &C  Are Very Cidal For Real Microbes”

BACTERIOSTATIC(prevent)

inhibition of  protein synthesis

SULFAMETHOXAZOLE,TETRACYCLINES,TRIMETHOPRIM,ERYTHROMYCIN,LINEZOLID

CHLORAMPHENICOL,CLINDAMYCIN

STTEL -CC



BASED ON SPECTRUM

• NARROW SPECTRUM

Lincosamides(lincomycin,clindamycin),Glycopeptides(vancomycins,teic
oplainin),Aminoglycosides(strepto,genta,amikacin),macrolides(erythro,
clarithro,azithro)

LIGAMent/GLAM

BROAD SPECTRUM

Tetracyclines(doxycycline),cephalosporins, 
pencillin,chloramphenicol,fluroquinolones(ciprofloxacin,nor) 
sulphonamides





CEPHALOSPORINS







BETA LACTAMASE INHIBITORS

• Beta lactamases are  family of enzymes produced by many gram

+ve and gram –ve bacteria that inactivate b-lactam antibiotics by 
opening b-lactum ring

Beta lactamase inhibitors binds to beta lactamase prevent its from 
breaking down cephalopsorins inhibits cell wall synthesis

• Clavulanic acid

• Sulbactum

• Tazobactum





Antibiotics for gram +ve Antibiotics for gram –ve Anaerobic 

Vancomycin                                Ampicillin + sulbactam                 metronidazole

Ciprofloxacin                              cefazolin                                        Carbapenems

Chloramphenicol                         cefuroxime                                    Cholramphenicol

Levofloxacin                               meropenam tigecycline.

Gentamicin                                  ciprofloxacin                                 Clindamycin

Pencillin Linezolid

Clindamycin

gram +ve,gram –ve,                ciprofloxacin      gram+

Amoxicillin-clavulanate                 anaerobs &-ve

Ticarcillin-clavulanate

Piperacillin-tazobactum metronidazole     anaerobic

Merpenem,imipenem



ANTIBIOTIC USE

1. Making a clinical diagnosis

2. Limiting empiric antibiotic therapy

3. Know your bugs

4. Choose appropriate antibiotic

5. De escalation/ modification

6. Stop antibiotics in some situations

7. Reduce duration of therapy



RESPIRATORY ANTIBIOTICS 
PRESCRIBED IN PEDIATRICS



AGE CATEGORY



UPPER RESPIRATORY TRACT INFECTIONS (URTI)



DIAGNOSIS CAUSATIVE AGENT FIRST LINE SECOND LINE /ALTERNATIVE

RHINITIS Viral -RSV
Stre.pneumonia,H. 
influenza

Self limiting, symptomatic 
treatment
Antimicrobial therapy not needed

PHARYNGITIS Viral/bacterial Amoxicillin Cephalexin(10 days)
Azithromycin( 5days)

TONSILITIS Bacterial “ “

OTITIS MEDIA Pneumococci,H.influenza Amoxicillin(80-90mg/kg/day) Co-amoxiclav(80-90mgkg/day)
Cefuroxime
Cefpodoxime
Ill patient with vomiting-Ceftriaxone 
for 3days(50mg/kg/day)

SINUSITIS Bacterial Amoxicillin “

EPIGLOTITIS/LARYN
GITIS

H.influenza Airway, suction,CPAP
Ceftriaxone(100mg/kg/day)
Cefotaxime)(200mg/kg/day



LOWER RESPIRATORY TRACT INFECTION(LRTI)



DIAGNOSIS CAUSATIVE AGENT FIRST LINE SECOND LINE

COMMUNITY 
ACQUIRED 
PNEUMONIA

Bacterial/Viral < 3 
months 

IV: always
Cefotaxime± Gentamycin/ Amikacin
Ceftriaxone

IV:Pipracillin-tazobactum ±
Gentamycin/ Amikacin
Cefoperazone –sulbactum ±
Gentamycin/ Amikacin

Pneumococci,H.influenza 3m -5yrs ORAL: Amoxicillin

IV: Ampicillin

ORAL: Co-amoxiclav/ 
Cefpodoxime/ Cefuroxime
IV: Co-amoxiclav/ Cefotaxime/ 
Ceftriaxone

Pneumococci,Mycoplasma > 5yrs ORAL: Amoxicillin

IV: Ampicillin

ORAL: Co-amoxiclav/ 
Cefpodoxime/ Azithromycin
IV: Co-amoxiclav/ Cefotaxime/ 
Ceftriaxone/ Azithromycin

HOSPITAL 
ACQUIRED 
PNEUMONIA

Piperacillin+Tazobactum(80mg/10mg/kg/day)
Q6hrs
Cefoperazone-sulbactum
Cefepime 
Meropenem



PENCILLINS
• AMOXICILLIN

Usual dose: oral- 25-50mg/kg/day in divided doses(bd)

suspecting S.pneumonia-45-90mg/kg/day bd

Brand names: Tab.Mox kid 125mg

Tab.Moxikind CV -500mg

syp.Mox redimix(250/5)

AMOXICILLIN +CLAVULANIC ACID

Usual dose: oral -25-50mg/kg/day in divided doses(bd)

IV   -50-100mg/kg/day bd 

Brand names: Tab.Advent 625mg(500+125)

tab. Augmentin Duo 625mg

syp Advent forte –(400/5)

syp Augmentin Duo (200/5)

• AMPICILLIN 
Usual dose : 100mg/kg/day TIDorQID



CEPHALOSPORINS
• First generation

p/o: cephalexin -20-50mg/kg/day Q6-Q8hrs                     gram +ve,gram -ve

SYP.SPORIDEX 125mg/5ml,250mg/5ml                                atypical 

Max dose:1g

• Second generation

p/o: cefuroxime axetil -30mg/kg/day bd                           staphlyo-coverage

Cefakind 12mg, 250mg,500mg                                             not good as 1st gen

Wakcef 500mg                                                                        streptoc-slightly 

Iv:cefuroxime Na-50- 100mg/kg/day Q8hrs(TID)                better than 1st gen        



• Third generation

• ORAL

Cefixime                                                                      same as 1st gen                           

Usual dose: oral – 8mg/kg/day bd                          more gram –ve

syp. Taxim o(50/5ml)                                                              coverage

syp. Taxim o forte(100/5ml)

Cefpodoxime

Usual dose : 10mg/kg/day bd

Monocef o(100mg/5ml)



• IV

Ceftriaxone -50mg/kg/day bd/tid

Life threatening-100mg/kg/day 

Cefotaxime-100mg/kg/day bd/tid

fourth generation

Cefipime(IV):100-10mg/kg/day in 3 divided dose



• MACROLIDES

AZITHROMYCIN

Usual dose: 10mg/kg/day OD

Max: 500mg

Brand names: SYP.AZEE 200mg/5ml

FLUROQUINOLONES

LEVOFLOXACIN

Usual dose: 10-15mg/kg/day in 2 divided doses PO/IV

AMINOGLYCOSIDES

Amikacin- < 3months-15 mg/kg/d, OD

3m-5yrs-100 mg/ kg/d, TID or QID

gentamicin :5–7 mg/kg/d, OD



A case on LRTI 

• A 10 yr 29.2kg weighed male patient got admitted in pediatrics with 
chief complaints of fever,cough*3days and vomiting and lab report 
shows TC  and crp was elevated and diagnosed as wheeze associated 
LRTI

Ip medications

Inj. Cefuroxime 750mg IV tds *5 days

Inj.ondansetron 5mg stat

Syp.Ascoril LS 5ml tds

Tab. Azithromycin  OD*2 days



DISCHARGE MEDICATIONS

• Tab.Azithromycin ?

• Syp. Ascoril LS 5ml TDS

• Syp. Mefthal sos

CALCULATION





Management of 
complications 

associated with ckd

Simi Grace Joseph 

Pharm d intern



What is CKD ?

• Kidney damage for more than 3 months, as defined by structural or 
functional abnormalities of the kidneys manifest by either 

1. Pathological abnormalities ( glomerulosclerosis , tubulointerstial
fibrosis)

2. Markers of kidney damage ( abnormalities in urine or blood, imaging 
tests)



Complications associated with CKD

• The main complications associated with CKD are 

1. Fluid and electrolyte abnormalities

2. Metabolic acidosis

3. Anaemia of chronic kidney disease

4. Secondary hyperparathyroidism and renal osteodystrophy

5. Cardiovascular disease



ELECTROLYTE ABNORMALITIES DUE 
TO KIDNEY DISEASE

• Maintenance of fluid volume, osmolarity, electrolyte balance, and 
acid–base status are all regulated in large part by the kidney, and their 
homeostasis is altered in patients with impaired kidney function.

• Blood vol and plasma osmolality are regulated by serum sodium and 
water balance.

• Impaired kidney functions can alter the regulation of serum sodium 
levels and water balance leading to consequences related to its 
imbalance.

• The electrolytes are monitored to understand the patient status, disease 
condition and progress of disease.



Sodium and water balance 

• Sodium and its accompanying anions, chloride and bicarbonate, makes up 
90 % of total osmolality of ECF, whereas intracellular osmolality is 
primarily dependent on the concentration of potassium and its 
accompanying anions.

• Hypo- and hypernatremia are syndromes of altered plasma tonicity and cell 
volume.

• Hyponatermia (Na <13mEq/L)is predominantly the result of an excess of 
extracellular water relative to sodium because of impaired water excretion.

• Hypernatermia ( Na >135mEq/L) is always associated with hypertonicity 
and results from a deficit of water relative to ECF sodium content.



• Patients with chronic, mild hyponatremia (serum sodium 
concentration greater than 125 to130 mEq/L) are usually 
asymptomatic.

• Patients with moderate (115 to 125 mEq/L) to severe (<110 to 115 
mEq/L) or rapidly developing hypotonic hyponatremia often present 
with a range of neurologic symptoms resulting from hypoosmolality-
induced volume expansion of brain cells.

• Classic symptoms include nausea and malaise, headache, lethargy, 
restlessness, and disorientation, and in some seizures, coma, 
permanent brain damage, respiratory arrest, brainstem herniation, and 
death.



Treatment 

• It is important for both the short- and long-term management of the 
patient to treat the underlying cause of hyponatremia.

• Patients with moderate to severe hyponatermia requires rapid Na 
correction.

• Hypovolemic hypotonic hyponatremia is usually best accomplished 
with 0.9% sodium chloride solution as these patients have both sodium 
and water deficits, and 100% of the water stays in the ECF 
compartment. 



• Active correction of euvolemic and hypervolemic hypotonic hyponatremia 
in patients who do not require rapid correction is usually best accomplished 
by water restriction. 

• Demeclocycline, vasopressin V2 receptor antagonists, or sodium chloride 
plus a loop diuretic, can be used if the initial response is not adequate.

• In patients with severe symptoms, 3% sodium chloride solution (possibly 
combined with furosemide) should initially be used to more rapidly correct 
the hyponatremia.

• Long term management of sodium correction may be required in some 
patients and can be achieved by  water restriction, increasing sodium intake, 
and/or the use of an AVP antagonist.



Hyperkalemia

• Hyperkalemia, defined as a serum potassium concentration greater than 5.5 
mEq/L, can be further classified according to its severity: mild 
hyperkalemia (serum potassium 5.5 to 6 mEq/L), moderate hyperkalemia
(6.1 to 6.9 mEq/L), and severe hyperkalemia (>7 mEq/L).

• Severe hyperkalemia occurs more commonly in elderly patients with renal 
insufficiency who receive chronic oral potassium supplementation.

• The kidneys excrete 80% of the daily potassium intake. Therefore when the 
kidney is unable to excrete potassium appropriately, as in acute renal failure 
(ARF) and stage 4 to 5 CKD, potassium is retained and often results in 
hyperkalemia.



Treatment 

• The goals of therapy for the treatment of hyperkalemia are to antagonize 
adverse cardiac effects, reverse any symptoms that are present, and return 
the serum and total body stores of potassium to normal 

• There is often a delay between diagnosis of hyperkalemia and institution of 
dialysis, which necessitates the use of other temporizing measures, such as 
IV calcium gluconate, insulin and glucose, nebulized β2-adrenergic agonists 
(albuterol), and sodium polystyrene sulfonate 

• Unfortunately, shifting potassium into the intracellular fluid compartment 
with insulin and glucose or with albuterol makes removal of potassium via 
dialysis more difficult. 

• Multiple dialysis sessions may be necessary following potassium 
redistribution to the extracellular space. 



• Sodium polystyrene sulfonate (with sorbitol), a potassium–sodium 
exchange resin, can be given orally in doses of 25 to 50 g to increase 
potassium excretion via the ileum and colon.

• Sodium bicarbonate therapy is no longer advocated in the treatment of 
ESRD hyperkalemia unless severe metabolic acidosis is also present, 
because the potassium lowering effect is unreliable. 

• Loop diuretics, a standard pharmacologic treatment option for 
hyperkalemia, are ineffective in patients with ESRD



ANEMIA OF CHRONIC KIDNEY 
DISEASE

• When your kidneys are damaged they produce less erythropoietin.

• If the Hb is less than 12 g/dL in adult females or less than 13.5 g/dL in adult males, a 
complete workup for anemia of CKD should be done.

• This includes evaluation of other causes of anemia such as bleeding, deficiencies in 
vitamin B12 or folate, or other disease states that contribute to anemia, including 
human immunodeficiency virus infection and malignancies. 

• As the primary cause of resistance to therapy for anemia of CKD, iron status must be 
evaluated. 



• Iron deficiency manifests as a microcytic anemia and is accompanied by a low mean 
corpuscular volume, whereas deficiencies in vitamin B12 and folate present as a 
macrocytic anemia with an increase in mean corpuscular volume. 

• Iron indices that should be monitored include the TSat, an indicator of iron 
immediately available for delivery to the bone marrow, and serum ferritin, an indirect 
measure of storage iron. Transferrin is the carrier protein for iron and, as a protein, 
may be affected by nutritional status. 

• The TSat is calculated as ([serum iron/TIBC] × 100), where TIBC is the total iron-
binding capacity.

• If the TSat and serum ferritin values are below the desired threshold iron 
supplementation is warranted prior to starting ESA therapy. If all other causes of 
anemia are ruled out and the anemia persists despite iron supplementation, patients 
should be treated with either epoetin alfa or darbepoetin alfa.



TREATMENT
• The desired outcomes of anemia management are to increase oxygen-carrying 

capacity, thereby decreasing dyspnea, orthopnea, and fatigue, and to prevent long-
term consequences such as LVH and cardiovascular mortality. 

• To achieve these goals one must have adequate iron, folate, and B12, and 
sufficient levels of ESAs. Other factors that contribute to worsening of anemia, 
such as blood loss and other causes of resistance to ESA therapy, should also be 
identified and corrected if possible





Pharmacologic Therapy

• Pharmacologic therapy for anemia of CKD includes chronic therapy with an ESA 
to correct erythropoietin deficiency and iron supplementation to correct and 
prevent iron deficiency caused by ongoing blood loss and increased iron demands 
associated with the initiation of erythropoietic therapy.

• Iron therapy is first-line therapy for anemia of CKD if iron deficiency is 
diagnosed, and for some patients the target Hb may be achieved without 
concomitant ESA therapy. 



Iron Supplementation

• If TSat (or content of hemoglobin in the reticulocytes) and serum ferritin are 
below goal indices, iron supplementation is recommended. Options for iron 
supplementation include oral and IV therapy.

• Available oral iron preparations differ in their content of elemental iron. Products 
available for oral therapy include ferrous salts (ferrous sulfate, ferrous fumarate, 
and ferrous gluconate), polysaccharide iron complex, and, most recently, a heme
iron polypeptide formulation. 

• Four IV iron products are currently available : two composed of iron dextran, 
sodium ferric gluconate, and iron sucrose





Erythropoietic-Stimulating Agent Therapy

• ESAs are required to stimulate differentiation of erythroid progenitor 
stem cells and induce the release of reticulocytes from the bone 
marrow to the bloodstream where they mature into erythrocytes (red 
blood cells).

• Available ESAs include epoetin alfa and darbepoetin alfa. These 
agents are glycoproteins manufactured by recombinant DNA 
technology that have the same biologic activity as endogenous 
erythropoietin. Although the amino acid sequence of epoetin alfa is 
identical to the endogenous protein, the carbohydrate structure differs.





METABOLIC ACIDOSIS

• Individuals with normal kidney function generate enough hydrogen ion to reclaim 
all filtered bicarbonate and to secrete approximately 1 mEq/kg per day of 
hydrogen ions, which are generated from the metabolism of dietary proteins. 

• As a result, they maintain a constant body fluid pH through the buffering of 
hydrogen ion by proteins, hemoglobin, phosphate, and bicarbonate. Renal 
ammoniagenesis and phosphate excretion buffer the urine and facilitate acid 
excretion. 



• In severe CKD, all filtered bicarbonate is reclaimed, but the ability of the kidneys 
to synthesize ammonia is impaired. 

• This decrease in urinary buffer results in decreased net acid excretion and 
continuous positive hydrogen ion balance; consequently, metabolic acidosis 
develops. 

• A clinically significant metabolic acidosis is commonly seen when the GFR drops 
below 20 to 30 mL/min (stage 4 CKD). In these patients, the plasma bicarbonate 
concentration tends to stabilize at 15 to 20 mEq/L



Treatment

• The goals of therapy for patients with CKD are to normalize the pH of 
the blood (pH of approximately 7.35 to 7.45) and maintain the serum 
bicarbonate within the normal range (22 to 26 mEq/L).

• In patients on hemodialysis, the goal of therapy is to maintain a 
predialysis or stabilized bicarbonate concentration at or above 22 
mEq/L.



• The replacement dose of alkali (base) needed to restore the serum 
bicarbonate concentration to normal (24 mEq/L) can be approximated by 
multiplying the volume of distribution of bicarbonate (0.5 L/kg) by the 
patient’s body weight (in kilograms) and the patient’s base deficit 
(difference between the patient’s serum bicarbonate value and the 
normal value of 24 mEq/L).

• The calculated amount of bicarbonate replacement therapy (in 
milliequivalents) should be administered over several days to prevent 
volume overload from excessive sodium intake. 

• After the serum bicarbonate has normalized, a maintenance regimen of 
bicarbonate to neutralize daily acid production may be all that is necessary 
(12 to 20 mEq/day in divided doses).



• Patients with severe acidosis (serum bicarbonate <8 mEq/L; pH <7.2) 
may require IV therapy .

• The use of alkalinizing salts, such as sodium bicarbonate or 
citrate/citric acid preparations, is useful to replenish depleted body 
bicarbonate stores. 

• Sodium bicarbonate tablets are manufactured in 325- and 650-mg 
strengths



SECONDARY HYPERPARATHYROIDISM 
AND RENAL OSTEODYSTROPHY

• Calcium and phosphorus balance is mediated through the complex interplay of 
hormones and their effects on bone, the GI tract, kidney, and parathyroid gland.

• What begins as relatively minor imbalances in phosphorus and calcium 
homeostasis leads to secondary hyperparathyroidism (sHPT) in the short-term and 
ultimately renal osteodystrophy (ROD) if these metabolic abnormalities are not 
corrected 



• As kidney function declines there is a decrease in phosphorus elimination, which 
results in hyperphosphatemia and when severe a reciprocal decrease in serum 
calcium concentration. 

• Hypocalcemia is the primary stimulus for release of PTH by the parathyroid 
glands, the effects of which are mediated by the interaction of ionized calcium 
with the calcium-sensing receptor on the chief cells of the parathyroid gland

• Hyperphosphatemia also increases PTH synthesis and release through its direct 
effects on the parathyroid gland and production of prepro-PTH messenger RNA.



• In an attempt to normalize ionized calcium, PTH decreases phosphorus 
reabsorption and increases calcium reabsorption by the proximal tubules of the 
kidney (at least until the GFR falls to less than approximately 30 mL/min), and 
also increases calcium mobilization from bone.

• The result is a correction in calcium and phosphorus, at least in the early stages of 
CKD; however, this occurs at the expense of an elevated PTH (“the trade-off 
hypothesis”).

• The increase in PTH is most notable when GFR is less than 60 mL/min per 1.73 
m2 (stage 3 CKD) and worsens as kidney function further declines.



• Active vitamin D (1,25-dihydroxyvitamin D3 or calcitriol) promotes increased 
intestinal absorption of calcium, which helps to normalize ionized calcium. 

• Calcitriol also works directly on the parathyroid gland to suppress PTH production.

• The enzyme 1α-hydroxylase is responsible for the final hydroxylation and 
conversion of the vitamin D precursor, 25-hydroxyvitamin D, to the active form in 
the kidney. 

• As kidney disease progresses this conversion is impaired and vitamin D deficiency 
results. Calcitriol levels decrease significantly before there is a perceptible rise in 
PTH in CKD patients.



Nonpharmacologic Therapy

Dietary Phosphorus Restriction 

• Dietary phosphorus restriction should be a first-line intervention for management of 
hyperphosphatemia in patients with CKD and should be initiated for most patients 
with stage 3, 4, or 5 CKD.

• The K/DOQI guidelines recommend phosphorus restriction to 800 to 1,000 mg/day 
when the upper levels of phosphorus are reached. This recommendation also holds true 
for patients with iPTH levels above the recommended range, given the evidence that 
lowering phosphorus ingestion directly decreases PTH synthesis and secretion.

• The challenge with dietary restriction of phosphorus is providing enough protein to 
prevent malnutrition, a common problem in the CKD population, because foods high 
in phosphorus are generally high in protein.

• Examples of foods or beverages that contain high amounts of phosphorus include 
meats, dairy products, dried beans, nuts, colas, peanut butter, and beer. Nutritional 
goals must be evaluated on an individual basis



Parathyroidectomy 

• Parathyroidectomy is the last therapeutic option for patients with sHPT.

• The K/DOQI guidelines for bone metabolism and disease recommend surgery 
only for those patients with persistently elevated iPTH (iPTH >800 pg/mL) 
associated with hypercalcemia and/or hyperphosphatemia that are refractory to 
medical therapy.

• Surgical approaches include either subtotal parathyroidectomy or total 
parathyroidectomy with auto transplantation of parathyroid tissue to an accessible 
site, such as the forearm. P



Pharmacological therapy

• As kidney function declines, dietary restriction of phosphorus alone is 
usually inadequate to control serum phosphorus.

• Phosphate binding agents are necessary, along with vitamin D therapy 
and/or calcimimetic therapy, to prevent sHPT



Minimising phosphate absorption: reducing 
intestinal absorption (phosphate binders)

• Phosphate binders work by binding dietary phosphate and forming 
insoluble complexes that are excreted by the gut.

a. Calcium-based phosphate binders (calcium carbonate and calcium 
acetate).

b. Non-absorbable polymers (sevelamer).

c. Heavy metal salts (lanthanum carbonate and aluminium hydroxide).



Calcium-based phosphate binders
• Calcium-based phosphate binders are the most widely prescribed 

phosphate binders. These are prescribes in cases where both 
hypocalcemia and hyperphosphatemia occurs.

• The total calcium of serum is distributed as free calcium, calcium bound 
to proteins and calcium bound to inorganic anions

• About half of the calcium in serum is bound to serum protiens especially 
albumin 

• Changes in albumin concentration cause changes in changes in total 
calcium.

• In CKD patients there is reduced synthesis and increased degradation of 
albumin.

• Thus,  low serum calcium ( hypocalcemia) may be due hypoalbunimia

• So corrected calcium should be calculated 

• Corrected calcium ( mg/dl) = total calcium + 0.8 ( 4 – measured albumin 
mg/dl) 



• Calcium carbonate and calcium acetate are the primary preparations used; calcium 
citrate is also available, but is not recommended since the citrate component increases 
aluminium absorption.

• Calcium acetate binds approximately twice as much phosphorus as calcium carbonate 
at comparable doses of elemental calcium. Increased binding potency limits GI 
calcium absorption; however, calcium acetate is more soluble, and therefore better 
absorbed than calcium carbonate in an alkaline pH

• The drugs used are calcium carbonate and calcium acetate.

Calcium carbonate : dose stage 3to 5 – not to exceed 2000mg/day

stage 5 – not to exceed 1500mg/day

Calcium acetate : initial 2 capsules of 667mg calcium acetate with each meal 



Non-absorbable polymers (sevelamer)
• It is a non-absorbable, synthetic ion-exchange polymer that binds phosphate and 

inhibits its absorption by the body .Polymers are considered to be as effective as the 
calcium-based phosphate binders . 

• Sevelamer also significantly lowers LDL cholesterol and increases HDL by a mean 
of 30% and 18%,respectively. This is an added beneficial effect in a population at 
risk for cardiovascular events.

• The possibility of hypercalcaemia and lowered concentrations of PTH are less 
likely to occur with sevelamer

• Sevlamer dose 

Serum P 5. 5 – 7. 5 :0.8 g orally 3 times daily

Serum P greater than or equal to 7. 5 : orally 3 times a day 1.6 g 



Heavy metal salts
Lanthanum carbonate (LC)

• Lanthanum carbonate is a phosphate binder recently approved for patients with 
ESRD.

• Short-term (6 to 28 weeks) and long-term (2 to 3 years) therapy with lanthanum has 
demonstrated efficacy in controlling phosphorus and maintaining PTH in the target 
range with less risk of hypercalcemia than calcium-containing binders.

• Initial daily doses are in the range of 750 to 1,500 mg (administered in divided 
doses with meals) with doses of 1,500 to 3,000 mg often being required to maintain 
target phosphorus in ESRD patients. 

• The poor GI absorption, which limits systemic effects, and high binding capacity 
with phosphorus makes this an attractive phosphate-binding agent, particularly 
when options other than calcium-containing binders are needed. Lanthanum is 
available as a chewable tablet, which may be appealing for some patients.



Vitamin D Therapy 

• Vitamin D compounds include ergocalciferol (vitamin D2) and cholecalciferol 
(vitamin D3) that must be converted to the active form in the kidney. 

• Calcitriol (1,25-dihydroxyvitamin D3) is the most active form of vitamin D and is 
available as an oral formulation as well as an IV formulation.

• The currently available vitamin D analogues include paricalcitol and 
doxercalciferol.

• Calcitriol or one of the vitamin D analogues is required for patients with severe 
kidney disease because these agents do not require conversion by the kidney to the 
biologically active form.



Calcimimetics

• Cinacalcet hydrochloride (Sensipar) is a calcimimetic agent approved for 
treatment of sHPT in ESRD patients and for treatment of hypercalcemia in 
patients with parathyroid carcinoma. 

• Cinacalcet is the first agent in this class to receive FDA approval. This compound 
acts on the calcium-sensing receptor on the surface of the chief cell of the 
parathyroid gland to mimic the effect of extracellular ionized calcium and increase 
the sensitivity of the calcium-sensing receptor to calcium, subsequently reducing 
PTH secretion.

• The recommended starting oral dose of cinacalcet is 30 mg once daily. The dose 
should be titrated every 2 to 4 weeks to a maximum dose of 180 mg once daily to 
achieve the desired PTH levels and to maintain near-normal serum calcium 
concentrations.



CARDIOVASCULAR DISEASE

• Patients with CKD are at increased risk of cardiovascular disease, independent of the 
etiology of their kidney disease. Although a clearly unique pathogenesis of 
cardiovascular disease specific to CKD has not been identified, it is known that 
manifestations of kidney disease are contributory.

• In addition to traditional cardiac risk factors such as hypertension and hyperlipidemia, 
diabetes, tobacco use, and physical inactivity, patients with kidney disease have other 
unique risk factors. 

• Among these are elevated levels of C-reactive protein, increased oxidant stress, and 
hemodynamic overload. Complications such as anemia and metabolic disorders (i.e., 
abnormalities in Ca, P, and PTH) of CKD are also contributory.

• In particular, arterial vascular disease (e.g., atherosclerosis) and cardiomyopathy are 
the primary types of cardiovascular disorders present in the CKD population. These 
disorders lead to development of ischemic heart disease and its manifestations 
including myocardial infarction. 



Hypertension

• As a primary cause or consequence of progressive loss of kidney function, 
hypertension is prevalent in the majority of patients with CKD 

• The pathogenesis of hypertension in CKD is multifactorial, but in many 
hypertensive dialysis patients, fluid retention is a major contributor.

• In addition to the general pathophysiologic mechanisms responsible for the 
development of hypertension, patients with ESRD may also have increased 
sympathetic activity, decreased activity of vasodilators such as nitric oxide, 
elevated levels of endothelin-1, chronic use of an ESA such as epoetin alfa, 
hyperparathyroidism, and structural changes in the arteries (e.g., metastatic 
calcification) as contributing factors.



Treatment

• Most patients with hypertension and CKD require drug regimens that include 
three or more antihypertensive agents to achieve target blood pressure

• Diuretic therapy is beneficial for management of blood pressure in patients with 
early CKD; however, thiazide diuretics are not generally effective in patients.

• ACEIs or angiotensin receptor blockers are the preferred agents for patients with 
progressive CKD and proteinuria. They are also preferred in patients with ESRD 
because of their potential benefits, including regression of LVH, reduction in 
sympathetic nerve activity and pulse-wave velocity, improvement in endothelial 
function, and reduced oxidative stress



• Calcium channel blockers that selectively lower systemic vascular resistance also 
appear to be effective in the treatment of hypertension in patients with ESRD and 
are associated with decreased total and cardiovascular mortality

• β-Blockers may be particularly useful in hypertensive CKD patients given the 
beneficial effects after myocardial infarction.

• In the ESRD population, agents that act on the sympathetic nervous system, such 
as prazosin, terazosin, doxazosin, clonidine, guanabenz, and guanfacine, may be 
required in patients who are unresponsive to ACEIs, calcium channel blockers, or 
β-blocker therapy, and used in conjunction with adequate dialysis



Hyperlipidemia

• CKD with or without nephrotic syndrome is frequently accompanied 
by abnormalities in lipoprotein metabolism. It is well established that 
dyslipidemias cause atherosclerotic cardiovascular disease and there 
are many compelling reasons to aggressively treat these disorders.

• A clear association between hypercholesterolemia, 
hypertriglyceridemia, or other lipoprotein changes in patients with 
CKD and the high incidence of cardiovascular disease has not been 
demonstrated .



• Drug classes that may prove useful in treatment of lipid disorders include: 3-
hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors (statins); 
the bile acid sequestrants; nicotinic acid; and fibric acids (gemfibrozil and 
clofibrate).

• Statins are the most effective drugs for lowering LDL and total cholesterol in 
patients with kidney disease (with or without nephrotic syndrome) and generally 
should be regarded as the drugs of first choice.

• Drug therapy for hypertriglyceridemia includes a fibrate or nicotinic acid; in 
general, fibrates are better tolerated.
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PHENOTYPES

◼ Allergic asthma

◼ Non – allergic asthma

◼ Adult onset asthma

◼ Asthma with persistent airflow 
limitation

◼ Asthma with obesity

DIAGNOSIS

◼ History of respiratory symptoms

◼ Confirmed expiratory airflow 
limitation

◼ Physical examination 

◼ Bronchial provocation test

◼ Allergy test

◼ Exhaled nitric oxide



MANAGEMENT OF ASTHMA

Goals of management

◼ To achieve good 
control of symptoms

◼ To minimize the future 
risks



MEDICATIONS AND STRATEGIES

◼ Controller medication :-
◼ contain ICS 
◼ used to reduce airway inflammation, control symptoms, and reduce future risks 

◼ Reliever medications:-
◼ Provide relief to breakthrough symptoms.
◼ For short-term prevention of exercise-induced bronchoconstriction (EIB).
◼ Relievers :- low dose ICS- formoterol or SABA.

◼ Add on therapy
◼ LAMA :- TIOTROPIUM BROMIDE
◼ ANTI Ig E :- OMALIZUMAB
◼ ANTI IL-5 AND ANTI IL5R :- MEPOLIZUMAB & BENRALIZUMAB
◼ ANTI IL 4R :- DUPILUMAB



Initial controller treatment

◼ Should be initiated as soon as possible after the diagnosis

◼ Early initiation of low dose ICS greater improvement in lung function(symptoms 
>2yrs).

◼ Patients not taking ICS decline in lung function than those who are taking ICS. 

◼ Occupational asthma - increase the probability of resolution of symptoms, and 
improvement of lung function and airway hyper responsiveness.

After starting initial controller treatment
◼ Review child’s response after 2–3 months, or earlier depending on clinical 

urgency.

◼ Check adherence and inhaler technique frequently. 

◼ Step down treatment once good control has been maintained for 3 months.







Persisting uncontrolled symptoms and/or exacerbations 

despite 2–3 months of controller treatment

◼ Incorrect inhaler technique

◼ Poor adherence

◼ Persistent exposure at home/work to agents such as allergens, 

tobacco smoke, indoor or outdoor air pollution, or to medications 

such as beta-blockers or NSAIDs.

◼ Comorbidities that may contribute to respiratory symptoms and 

poor quality of life

◼ Incorrect diagnosis





Treatment in 0-5 yrs old child



CHILDREN 6-11 YRS 0-5 YRS OLD

STEP 1 LOW DOSE ICS+SABA,DAILY LOW DOSE ICS INTERMITTENT SHORT CIURSE ICS

STEP 2 DAILY LOW DOSE ICS, DAILY LTRA, ICS+SABA DAILY LOW DOSE ICS, DAILY LTRA + INTERMITTENT 
SHORT COURSE ICS

STEP 3 LOW DOSE ICS- LABA OR MEDIUM DOSE ICS , VERY 
LOW DOSE ICS-FOEMETEROL(MART), LOW DOSE ICS+ 
LTRA

DOUBLE LOW DOSE ICS, LOW DOSE ICS + LTRA

STEP 4 MEDIUM DOSE ICS-LABA,LOW DOSE MART, 
+IPRATROPIM BROMIDE OR LTRA

CONTROLLER & RELIVER + LTRA, INCREASE ICS 
FREQUENCY 

STEP 5 HIGH DOSE ICS – LABA, ADD ON THERAPIES





Choice of medication, device and dose

◼ Based on assessment of,
◼ symptom control

◼ risk factors

◼ Preference

◼ practical issues (cost, ability to use the device, and adherence)

◼ Monitor response & side effects → adjust the dose. 

◼ Good symptom control (2–3 months) → titrate ICS dose. 

◼ The ICS-containing medication should be taken every day or, in 
mild asthma, an alternative is to take as-needed low dose ICS-
formoterol for symptom relief.



REVIEWING RESPONSE AND ADJUSTING TREATMENT

◼ Patients be seen 1–3 months after starting treatment and 
every 3–12 months after that.

◼ After an exacerbation → review within 1 week  

◼ The frequency of review depends on the 
◼ Patient’s initial level of symptom control

◼ Their risk factors

◼ Their response to initial treatment

◼ Their ability and willingness to engage in self-management with 
an action plan.



STEPPING UP ASTHMA TREATMENT

❑ Sustained step-up :
❑ If symptoms and/or exacerbations persist despite 2–3 months of controller 

treatment.
◼ Incorrect inhaler technique

◼ Poor adherence

◼ Modifiable risk factors, e.g. smoking

◼ Symptoms due to Co morbid conditions, e.g. allergic rhinitis

❑ Short-term step-up
❑ (for 1–2 weeks) by clinician or by patient with written asthma action plan e.g. 

during viral infection or allergen exposure

❑ Day-to-day adjustment
❑ By patient in GINA Track 1 , with as-needed low dose ICS-formoterol for mild 

asthma, or ICS-formoterol as maintenance and reliever therapy (MART) for 
moderate-severe asthma. This is particularly effective in reducing severe 
exacerbations



STEPPING DOWN TREATMENT

❖ Choose an appropriate time for  step-down (no respiratory infection, patient 
not travelling, not pregnant).

❖ Assess risk factors, including history of previous exacerbations or emergency 
department visit, and low lung function.

❖ Document baseline status (symptom control and lung function), provide a 
written asthma action plan, monitor closely, and book a follow-up visit.

❖ Step down through available formulations to reduce the ICS dose by 25–50% 
at intervals of 2–3 months.

❖ If asthma is well controlled on low dose ICS or LTRA, as-needed low dose 
ICS-formoterol is a step-down option.

❖ Do not completely stop ICS in adults or adolescents with asthma unless this is 
needed temporarily to confirm the diagnosis of asthma.

❖ Make sure a follow-up appointment is arranged.



OTHER THERAPIES

◼ Allergen immunotherapy

◼ Subcutaneous immunotherapy (SCIT)

◼ Sublingual immunotherapy(SLIT)

◼ Vaccinations

◼ Bronchial thermoplastic

◼ Vitamin D



NON-PHARMACOLOGICAL STRATEGIES

◼ Smoking cessation 

◼ Physical activity

◼ Investigation for occupational asthma

◼ Identify aspirin-exacerbated respiratory disease

◼ Avoidance of medications that may make asthma worse

◼ Healthy diet

◼ Avoidance of indoor allergens

◼ Avoidance of outdoor allergens

◼ Breathing exercise



STEPS IN EFFECTIVE USE OF INHALER 
DEVICES

METERED DOSE INHALER

◼ Shake inhaler before use. Remove the cap. Prime it before using first time.

◼ Breathe out away from the inhaler

◼ Bring the inhaler to your mouth and seal the mouth piece with the lips.

◼ Breathe in slowly and press the medicine button and keep breathing .

◼ Remove inhaler and hold the breathe for 10sec and breathe out.

◼ If need another puff wait another 30sec and repeat same

◼ Wash your mouth after use.

◼ Store at room temp.

◼ Remove the metal part and wash the plastic parts with mild soap and water and air dry it. Then 
fix it and test the dose by air spraying it before use.



WITH SPACER

◼ Shake the inhaler and attach it with the spacer.

◼ Breathe out away from inhaler and then seal the inhaler with the lips.

◼ Add the medication and then take slow breaths until full breathe and then take 5 short breathes. 
Slowly breathe in and hold for 10 sec. If hearing whistle sound you are breathing too fast and so 
take slowly breathes.

◼ Separate the spacer and then Clean the spacer with warm water and mild soap

◼ Rinse it in clean water

◼ Air dry it. Do not use towel 

◼ Use only one puff at a time in the spacer.

◼ Do not share the spacer.

◼ Use only with pressurised inhaler not with dry powders 

◼ If damaged do not use it. Take another one 

◼ Keep away from heat sources



REVOLIZER

◼ Hold it in the hand and then open the mouth piece completely.

◼ Place the rotacaps inside the hole by placing the transparent face downside.

◼ Close the mouthpiece and then breathe out 

◼ Place REVOLIZER in the mouth and then inhale through mouth and after completion 
remove it and hold breathe for 10sec

◼ After use, remove empty rotacaps 

◼ Clean REVOLIZER once a week usually it's mouth piece and hole by using running 
water 

◼ Shake ton remove excess water and then air dry it.









APPLICATION OF GINA IN PEDIATRIC 
POPULATION

◼ A 8 yrs old male child admitted in the emergency 
department of the hospital with complaints of shortness 
of breath and cough for past  3 days

◼ On examination showed a silent chest, an elevated 
esonophils count and spO2 level of 93%.

◼ What are the treatment options available for the 
child?



◼ Corticosteroids :-

◼ Nebulisation with bronchodilators

◼ Antibiotics :-



THANK YOU



MICROBES AND ANTIBIOTICS
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GRAM-ve GRAM+ve ORGANISMS ANAEROBIC

Escherichia
Haemophilus(B)
Klebsiella
Meningococcus
gonococcus
Actinobacillus(B)
Aeromonas(B)
Brucella
Citrobacter
Enterobacter
Enterobacteriaceae
Francisella
Legionella
Neisseria
Pseudomonas
Salmonella
Shigella
Vibrio

Staphylococcus
Streptococcus
Enterococcus
Micrococcus
Mycobacterium tuberculosis
Clostridium botulinum
Corynebacterium diphtheria
Clostridium tetani
Bacillus anthrax

Actinomyces—GP

Bacteroides—GN

Clostridium—GP

Fusobacterium—GN

Lactobacillus—GP

GP = Gram-positive

GN = Gram negative



COMMON BACTERIA AND INFECTIONS

• RESPIRATORY TRACT INFECTIONS-

GRAM+ve(STREPTOCOCCUS,HAEMOPHILUS)  

• SKIN IFECTIONS                   -GRAM -ve (STAPHYLOCOCCAL)

• URINARY TRACT INFECTIONS -GRAM NEGATIVE(ECOLI)

All cocci are +ve except meningo,gono

All bacilli are –ve except DATA(diphteria,actinomyces,tetanus,anthrax)



ANTIMICROBIAL RESISTANCE
unresponsiveness of m.o to an AMA

• MDR( multidrug resistance)

Non susceptibility to atleast one agent in 3/more antimicrobial 
categories

Bacteria that resist treatment with more than one antibiotic are called 
MDROs

Eg:MRSA(methicillin resistant staphlococus aureus)

VRSA

• XDR( extensively drug resistance)

Non susceptibility to atleast one agent in all but 2/fewer antimicrobial 
categories



• ESBLs(extended spectrum beta lactamase producers)

gram negative organisms( enterobacteriacea,klebsilla,ecoli)

Inactivate beta lactum type antibiotics

• NDM- new delhi metallo betalactamse 1

enzyme that make bacteria resistant to broad range of beta lactum
antibiotics

Eg: gram negative –ecoli, klebsilla

• CRA(carbapenem resistant Acinetobacter baumani)

Resistant to nearly all antibiotics

• CRE ( carbapenem resistant enterobacteriacea)

resistant to an antibiotic class(carbapenems)





BASED ON MODE OF ACTION

BACTERIOCIDAL(kill)

Inhibition of cellwall synthesis

PENCILLINS,CEPHALOSPORINS,AMINOGLYCOSIDES,VANCOMYCINS,

FLUROQUINOLONES,RIFAMPICIN,METRONIDAZOLES

“P &C  Are Very Cidal For Real Microbes”

BACTERIOSTATIC(prevent)

inhibition of  protein synthesis

SULFAMETHOXAZOLE,TETRACYCLINES,TRIMETHOPRIM,ERYTHROMYCIN,LINEZOLID

CHLORAMPHENICOL,CLINDAMYCIN

STTEL -CC



BASED ON SPECTRUM

• NARROW SPECTRUM

Lincosamides(lincomycin,clindamycin),Glycopeptides(vancomycins,teic
oplainin),Aminoglycosides(strepto,genta,amikacin),macrolides(erythro,
clarithro,azithro)

LIGAMent/GLAM

BROAD SPECTRUM

Tetracyclines(doxycycline),cephalosporins, 
pencillin,chloramphenicol,fluroquinolones(ciprofloxacin,nor) 
sulphonamides





CEPHALOSPORINS







BETA LACTAMASE INHIBITORS

• Beta lactamases are  family of enzymes produced by many gram

+ve and gram –ve bacteria that inactivate b-lactam antibiotics by 
opening b-lactum ring

Beta lactamase inhibitors binds to beta lactamase prevent its from 
breaking down cephalopsorins inhibits cell wall synthesis

• Clavulanic acid

• Sulbactum

• Tazobactum





Antibiotics for gram +ve Antibiotics for gram –ve Anaerobic 

Vancomycin                                Ampicillin + sulbactam                 metronidazole

Ciprofloxacin                              cefazolin                                        Carbapenems

Chloramphenicol                         cefuroxime                                    Cholramphenicol

Levofloxacin                               meropenam tigecycline.

Gentamicin                                  ciprofloxacin                                 Clindamycin

Pencillin Linezolid

Clindamycin

gram +ve,gram –ve,                ciprofloxacin      gram+

Amoxicillin-clavulanate                 anaerobs &-ve

Ticarcillin-clavulanate

Piperacillin-tazobactum metronidazole     anaerobic

Merpenem,imipenem



ANTIBIOTIC USE

1. Making a clinical diagnosis

2. Limiting empiric antibiotic therapy

3. Know your bugs

4. Choose appropriate antibiotic

5. De escalation/ modification

6. Stop antibiotics in some situations

7. Reduce duration of therapy



RESPIRATORY ANTIBIOTICS 
PRESCRIBED IN PEDIATRICS



AGE CATEGORY



UPPER RESPIRATORY TRACT INFECTIONS (URTI)



DIAGNOSIS CAUSATIVE AGENT FIRST LINE SECOND LINE /ALTERNATIVE

RHINITIS Viral -RSV
Stre.pneumonia,H. 
influenza

Self limiting, symptomatic 
treatment
Antimicrobial therapy not needed

PHARYNGITIS Viral/bacterial Amoxicillin Cephalexin(10 days)
Azithromycin( 5days)

TONSILITIS Bacterial “ “

OTITIS MEDIA Pneumococci,H.influenza Amoxicillin(80-90mg/kg/day) Co-amoxiclav(80-90mgkg/day)
Cefuroxime
Cefpodoxime
Ill patient with vomiting-Ceftriaxone 
for 3days(50mg/kg/day)

SINUSITIS Bacterial Amoxicillin “

EPIGLOTITIS/LARYN
GITIS

H.influenza Airway, suction,CPAP
Ceftriaxone(100mg/kg/day)
Cefotaxime)(200mg/kg/day



LOWER RESPIRATORY TRACT INFECTION(LRTI)



DIAGNOSIS CAUSATIVE AGENT FIRST LINE SECOND LINE

COMMUNITY 
ACQUIRED 
PNEUMONIA

Bacterial/Viral < 3 
months 

IV: always
Cefotaxime± Gentamycin/ Amikacin
Ceftriaxone

IV:Pipracillin-tazobactum ±
Gentamycin/ Amikacin
Cefoperazone –sulbactum ±
Gentamycin/ Amikacin

Pneumococci,H.influenza 3m -5yrs ORAL: Amoxicillin

IV: Ampicillin

ORAL: Co-amoxiclav/ 
Cefpodoxime/ Cefuroxime
IV: Co-amoxiclav/ Cefotaxime/ 
Ceftriaxone

Pneumococci,Mycoplasma > 5yrs ORAL: Amoxicillin

IV: Ampicillin

ORAL: Co-amoxiclav/ 
Cefpodoxime/ Azithromycin
IV: Co-amoxiclav/ Cefotaxime/ 
Ceftriaxone/ Azithromycin

HOSPITAL 
ACQUIRED 
PNEUMONIA

Piperacillin+Tazobactum(80mg/10mg/kg/day)
Q6hrs
Cefoperazone-sulbactum
Cefepime 
Meropenem



PENCILLINS
• AMOXICILLIN

Usual dose: oral- 25-50mg/kg/day in divided doses(bd)

suspecting S.pneumonia-45-90mg/kg/day bd

Brand names: Tab.Mox kid 125mg

Tab.Moxikind CV -500mg

syp.Mox redimix(250/5)

AMOXICILLIN +CLAVULANIC ACID

Usual dose: oral -25-50mg/kg/day in divided doses(bd)

IV   -50-100mg/kg/day bd 

Brand names: Tab.Advent 625mg(500+125)

tab. Augmentin Duo 625mg

syp Advent forte –(400/5)

syp Augmentin Duo (200/5)

• AMPICILLIN 
Usual dose : 100mg/kg/day TIDorQID



CEPHALOSPORINS
• First generation

p/o: cephalexin -20-50mg/kg/day Q6-Q8hrs                     gram +ve,gram -ve

SYP.SPORIDEX 125mg/5ml,250mg/5ml                                atypical 

Max dose:1g

• Second generation

p/o: cefuroxime axetil -30mg/kg/day bd                           staphlyo-coverage

Cefakind 12mg, 250mg,500mg                                             not good as 1st gen

Wakcef 500mg                                                                        streptoc-slightly 

Iv:cefuroxime Na-50- 100mg/kg/day Q8hrs(TID)                better than 1st gen        



• Third generation

• ORAL

Cefixime                                                                      same as 1st gen                           

Usual dose: oral – 8mg/kg/day bd                          more gram –ve

syp. Taxim o(50/5ml)                                                              coverage

syp. Taxim o forte(100/5ml)

Cefpodoxime

Usual dose : 10mg/kg/day bd

Monocef o(100mg/5ml)



• IV

Ceftriaxone -50mg/kg/day bd/tid

Life threatening-100mg/kg/day 

Cefotaxime-100mg/kg/day bd/tid

fourth generation

Cefipime(IV):100-10mg/kg/day in 3 divided dose



• MACROLIDES

AZITHROMYCIN

Usual dose: 10mg/kg/day OD

Max: 500mg

Brand names: SYP.AZEE 200mg/5ml

FLUROQUINOLONES

LEVOFLOXACIN

Usual dose: 10-15mg/kg/day in 2 divided doses PO/IV

AMINOGLYCOSIDES

Amikacin- < 3months-15 mg/kg/d, OD

3m-5yrs-100 mg/ kg/d, TID or QID

gentamicin :5–7 mg/kg/d, OD



A case on LRTI 

• A 10 yr 29.2kg weighed male patient got admitted in pediatrics with 
chief complaints of fever,cough*3days and vomiting and lab report 
shows TC  and crp was elevated and diagnosed as wheeze associated 
LRTI

Ip medications

Inj. Cefuroxime 750mg IV tds *5 days

Inj.ondansetron 5mg stat

Syp.Ascoril LS 5ml tds

Tab. Azithromycin  OD*2 days



DISCHARGE MEDICATIONS

• Tab.Azithromycin ?

• Syp. Ascoril LS 5ml TDS

• Syp. Mefthal sos

CALCULATION
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ABSTRACT 
The pharmaceutical Quality by Design (QbD) is a systematic approach to development that begins with predefined 

objectives and emphasizes product and process understanding and process control, based on sound science and quality risk 

management. Quality by Design (QbD) is emerging to enhance the assurance of safe, effective drug supply to the consumer, 

and also offers promise to significantly improve manufacturing quality performance. Quality refers to product free of 

contamination and delivers the therapeutic benefit promised in the label to the consumer. The Quality of the pharmaceutical 

product can be evaluated by in vivo or in vitro performance tests “QbD” assures in vitro product performance and In vitro 

product performance provides assurance of in vivo product performance. “Hence QbD relate to Product Performance”. 
 
Key words: Quality of the pharmaceutical product, Quality by Design, Contamination. 

 

INTRODUCTION 
In Pharmacy word “optimization” is found in the

literature referring to any study of formula. In development 

projects pharmacist generally experiments by a series of 

logical steps, carefully controlling the variables and 

changing one at a time until satisfactory results are 

obtained. This is how the optimization done in 

pharmaceutical industry. 

Optimization is defined as follows: “Choosing the
best element from some set of available alternatives”. It is 

the process of finding the best way of using the existing 

resources while taking in to the account of all the factors 

that influences decisions in any experiment. The objective 

of designing quality formulation is achieved by various 

Optimization techniques like DoE (Design of Experiment). 

The term FbD (Formulation by Design) & QbD 

(Quality by Design) indicates that quality in the product 

can be built by using various techniques of DOE (Design 

of Experiment). 

This FbD has replaced the OVAT (one variable at 

a time) strategy for Optimization completely [1]. 

 

Quality by Design (Qb D) 
The pharmaceutical Quality by Design (QbD) is a 

systematic approach to development that begins with 

predefined objectives and emphasizes product and process 

understanding and process control, based on sound science 

and quality risk management. Quality by Design (QbD) is  

emerging to enhance the assurance of safe, effective drug 

supply to the consumer, and also offers promise to 

significantly improve manufacturing quality performance 

[2]. 

 

Application of QbD in Pharmaceutical Industry 
Quality refers to product free of contamination 

and delivers the therapeutic benefit promised in the label to 

the consumer. The Quality of the pharmaceutical product 

can be evaluated by in vivo or in vitro performance tests 

“QbD” assures in vitro product performance and In vitro 

product performance provides assurance of in vivo product 

performance. “Hence QbD relate to Product Performance”.  
 

Benefits for Industry 

 Better understanding of the process. 

 Less batch failure. 

 More efficient and effective control of change. 

 Return on investment / cost savings. 

 Provides opportunities for more flexible regulatory 

approaches. 

 Manufacturing changes within the approved design 

space without further regulatory review. 
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 Reduction of post-approval submissions. 

 Better innovation due to the ability to improve 

processes   without    resubmission   to    the    FDA   when  

remaining in the Design Space. 

 

DOE (Design of Experiment)
  

It is a mathematical tool for systematically 

planning and conducting scientific studies that change 

experimental variables together in order to determine their 

effect on a given response [3-8]. It makes controlled 

changes to input variables in order to gain maximum 

amounts of information on cause and effect relationships 

with a minimum sample size for optimizing the 

formulation 

There are mainly four steps associated with DOE:  

1. The design of the experiment (By using various 

models) 

2. The collection of the data 

3. The statistical analysis of the data and 

4. The conclusions reached and recommendations made 

as a result of the experiment. 

In Optimization Method various types of Model 

used from preliminary screening of factors to select their 

level and for finally study of their effect so it’s depend
upon the formulator to choose a suitable model for study 

and help in minimizing the experimenting time. 

 

IMPORTANT TERMINOLOGY USED IN DOE FOR 

OPTIMIZATION 

1. Variable  
There are of two types of variables 

Independent variables or primary variables  

Formulations and process variables directly under 

control of the formulator. These includes ingredients    

Dependent or secondary variables  

These are the responses of the in progress material 

or the resulting drug delivery system. It is the result of 

independent variables 

 

(b) Factor 
It is Assigned and Independent variables, which 

affect the product or output of the process. It is an assigned 

quantitative and qualitatively like this 

 Quantitative: Numerical factor assigned to it. Ex; 

Concentration- 1%, 2%, 3% etc. 

 Qualitative: Which are not numerical. Ex; Polymer grade, 

humidity condition etc 

(c) Level: Levels of a factor are the values or designations 

assigned to the factor 

(d) Response surface: Response surface representing the 

relationship between the independent variables X1 and X2 

and the dependent variable Y 

(e) Run or trials: Experiments conducted according to the 

selected experimental design 

(f)  Screening: To sort out something from  

(g) Contour Plot: Geometric illustration of a response 

obtained by plotting one independent variable against 

another, while holding the magnitude of response and other 

variables as constant 

(h) Interaction: It gives the overall effect of two or more 

variables means lack of additivity of factor effects   Ex: 

Combined effect of lubricant and glidant on hardness of 

the tablet 

(i)MLRA (Multiple Linear Regression Analysis): The 

technique which express mathematically in form of 

quadratic equation the linear relationship between various 

independent variable and dependent variable (Response) 

(j) Effect: It is the change in response caused by varying 

the levels and It gives the relationship between various 

factors & levels 

(h) Response: It is an outcome of the experiment.    

(i) Orthogonality: When effect is due to the main factor of 

interest and no interaction 

(j) Confounding: Lack of Orthogonality is termed as 

confounding or aliasing 

(k) Resolution: Measurement of degree of confounding 

 

Define the Problem & Select the variables 

 

 

Screening the factor and their level 

 

 

Design the Formulation according to Model Used 

 

 

Analyze the Result 

 

 

Select the Check Point Formulation 

 

 

Validate and Optimize the Model 
(Basic Flow Chart for using DOE and optimizing the 

formulation) 

 

EXPERIMENTAL DESIGN 
Experimental design is a statistical design that 

prescribes or advises a set of combination of variables. The 

number and layout of these design points within the 

experimental region, depends on the number of effects that 

must be estimated. Depending on the number of factors, 

their levels, possible interactions and order of the model, 

various experimental designs are chosen. Each experiment 

can be represented as a point within the experimental 

domain, the point being defined by its co-ordinate (the 

value given to the variables) in the space [9-11]. 

 

TYPES OF EXPERIMENTAL DESIGN 
There are various type of Experimental design 

methods are available out of which method we have to use 

depends upon the resources we have and what we want to 

study. 
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Screening Designs are used for identify the important 

factor and their level which affect the Quality of 

Formulation. Screening Designs generally support only 

the linear responses. 

 
Response Surface Designs are used when we required 

exact image of response, estimating interaction and even 

quadratic effects. Response surface designs generally 

support non linear and quadratic response and capable of 

detecting curvatures 

Factorial Designs 
Factorial designs (FDs) are very frequently used 

response surface designs. A factorial experiment is one in 

which all levels of a given factor are combined with all 

levels of every other factor in the experiment. These are 

generally based upon first-degree mathematical models. 

Full FDs involve studying the effect of all the factors (k) at 

various levels (x), including the interactions among them, 

with the total number of experiments being x
k
. If the 

number of levels is the same for each factor in the 

optimization study, the FDs are said to be symmetric, 

whereas in cases of a different number of levels for 

different factors, FDs are termed asymmetric.'' 

When we study three factors at two level 2
3 

the total 

Number of run will be =08 & 

When we study two factors at three level 3
2 

the total 

Number of run will be =09  

Fractional Factorial Design (FFD) 

Fractional factorial design is generally used for 

screening of factor. This design has low resolution due to 

less number of run. Although these designs are economical 

in terms of number of experiments, the ability to distinguish 

some of the factor effects is partly sacrificed by reduction 

in the number of experiments. 

Plackett-Burman Designs (Hadamard designs) 
Plackett—Burman designs (PBD) are special two-

level FFDs used generally for screening of factors. This 

design is generally used when we want to screen high 

number of factors (11-47) if we want to study the effect of 

7 factors then we have to show four dummy factors. The 

interpretations of results in FFD, Plackett-Burman Designs 

& Taguchi design are drawn with  the help of Pareto chart 

and Half normal plot. 

Central Composite Design (Box-Wilson design) 
For nonlinear responses requiring second-order 

models, central composite designs (CCDs) are the most 

frequently employed. A two-factor CCD is identical to a 3
2
 

FD with rectangular experimental domain at α = ±1, On the
other hand, the experimental domain is spherical in shape 

for α =  = 1.414.The CCD is quite popular in response 

surface optimization during pharmaceutical product 

development. 

Box-Behnken Designs 

A specially made design, the Box-Behnken design 

(BBD), requires only three levels for each facto -l, 0 and 

+1. It employing 15 experiments run with three factors at 

three levels. It is economical then CCD because t requires 

less number of Trial 

 

Taguchi Design 
Taguchi refers to experimental design as "off-line 

quality control" because it is a method of ensuring good 

performance in the development of products or processes." 

It is also used for screening of factors and it provides 8 

experimental run for 7 factors. 

 

Mixture Design 
Mixture designs are used when the characteristics 

of the finished product (Drug delivery system) usually 

depend not so much on the quantity of each substance 

present but on their proportions. The sum total of the 

proportions of all the excipients is unity, and none of the 

fractions can be negative. Therefore, the levels of different 

components can be varied with the restriction that the sum 

total should not exceed one.  

 

OPTIMIZATION OF IMPORTANT FACTORS 

Model Development 
A model is an expression defining the quantitative 

dependence of a response variable on the independent 

variables. Usually, it is a set of polynomials of a given 

order or Degree. From this polynomial equation we 

calculate the coefficient with the help of Principal of 

MLRA (Multiple Linear Regression Analysis). By the help 

of software we can also study here the effect of excipients, 

their interaction study, 3D Response plot, Contour Plot etc. 

In screening design with the help of half normal plot and 

Pareto chart we can find out easily the main factor and their 

level 

From the models thus selected, optimization of 

one response or the simultaneous optimization of multiple 

responses needs to be optimized graphically, numerically 

and by using Brute force search technology. 

 

(a) Graphical Optimization 
Graphical optimization deals with selecting the 

best possible formulation out of a feasible factor space 

region. To do this, the desirable limits of response variables 

are set, and the factor levels are screened accordingly by 

the help of overlay plot. 

 

(b) Brute-force search (Feasibility and Grid search) 
Brute-force search technique is the simple and 

exhaustive search optimization technique. It checks each 

and every single point in the function space. Herein, the 

formulations that can be prepared by almost every possible 

combination of independent factors and screened for their 

response variables. Subsequently, the acceptable limits are 
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set for these responses, and an exhaustive search is again 

conducted by further narrowing down the feasible region. 

The optimized formulation is searched from the final 

feasible space (termed as grid search), which fulfills the 

maximum criteria set during experimentation. 

 

(c) Numerical Optimization 
It deals with selecting the best possible 

formulation out of a suitable factor. To do this, the 

desirable limits of response variables are set, and the factor 

levels are displayed by the software. Other techniques used 

for optimizing multiple responses are canonical analysis, 

ANNs and mathematical optimization. 

VALIDATION OF MODEL  
The predicted optimal formulation (Check point) 

is prepared as per optimum factor level and the responses 

evaluated. On comparison of Results of Observed and 

predicted response conclusion will be drawn for model 

validation. 

 

Software for Designs and Optimization 
Many commercial software packages are available which 

are either dedicated to experimental design alone or are of a 

more general statistical type. 

Software’s dedicated to experimental designs 
 DESIGN EXPERT 

 ECHIP 

 MULTI-SIMPLEX 

 NEMRODW 

 Software for general statistical nature 

 SAS 

 MINITAB 

 SYSTAT 

 GRAPHPAD PRISM 

 

Fig 1. Various screening and Response surface designs 

 
 

CONCLUSION 
The area of optimization is vary vast and its applications in all areas of pharmaceutical science. Different techniques 

have been used according to need. In this article, an overview of various techniques was given.  Optimization techniques are 

help full in reducing the cost of product by minimizing the number of experimental trials during formulation development.  It is 

very thirst area of Research now a day in every industry. 
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the patient risks associated during each stage of product development,
but also to facilitate mitigation of risks. Another vital approach that helps
the scientists during prioritization is the factor screening employing
limited number of studies, planned and executed on the basis of simpler
experimental designs.

One of the integral tools in the QbD armamentarium while developing
optimized products and processes, nevertheless, has been “Design of
Experiments (DoE)” employing apt usage of diverse experimental designs.
Amidst a multitude of plausible interactions of the drug substance with
a plethora of functional and non-functional excipients and processes,
adoption of systematic approaches lead to evolution of the breakthrough
systemswith minimal expenditure of time, developmental effort and cost.
With the objective of developing an impeccable products or processes,
this task was earlier attempted through trial and error, supplemented with
the previous knowledge, wisdom and experience of the formulator, termed
as the short-gun approach or One Factor At a Time (OFAT) approach.
Using this methodology, the solution of a specific problematic product
or process characteristic cannot be achieved, and attainment of the true
optimal solutionwas never guaranteed.However, the QbD-based approach
usually provides systematic drug product development yielding “the best”
solutions. Such approaches are far more advantageous, because they
require fewer experiments to achieve an optimum formulation, reveal
interaction among the drug-excipient-process, simulates the product
performance and subsequent scale-up.

Besides QRM, factor
screening andDoE, several
other science-intensive
tools like drug release
kinetic modeling, IVIVC,
etc. ,and mult ivar iate
chemometric approaches
like Principle Component
analysis (PCA), Partial
Least Squares Analysis
(PLSA), etc., could be
investigated to ameliorate
ou r know ledge and
understanding of the
process and/or product
at hand. Overall, Figure
2 illustrates the QbD-
oriented development of

drug product embarking upon the comprehensive understanding of the
quality traits associated with a product(s) and process(es).

With the percolation of such systematized QbD-based paradigms, the
domain of pharma ceutical product development has endowed a newer look
towards drug formulation development and subsequent patient therapy.
Albeit the benefits of QbD galore are lately being reapedin several other
related pharma domains too, including indrug substance manufacturing,
analytical development, etc., their major application still remains focused
around the rational formulation development only.

QbD-Oriented Product Development: Formulation by Design
(FbD)

Application of systematic DoE-intensive concept of QbD has widely
been practiced in the industrial environs. Lately, this is being rationally
amalgamated with quality risk management and sound science-based
conception. Because of the much wider domain of QbD, a terser QbD-
based precept, i.e., Formulation by Design (FbD), has been proposed by us,
applicable specifically to the use of QbD in drug formulation development.
The holistic FbD strategy revolves around five fundamental elements viz.

Testing (QbT)” or “Quality by Chance”. Box 1 enlists the key differences
between the traditional QbT and modern QbD approaches for developing
drug products.

Verily, the QbD precepts were already in place before the introduction
of federal guidelines coercing their implementation. Originated in early
1970’s by J.M. Juran, an American engineer and quality analyst, the
concept of “building quality into the system” was put into practice to
develop the quality products and services initially by several technology-
driven industries like, automobiles, telecommunications and aeronautics,.
In fact, Juran believed that quality could be planned in the first place, thus
avoiding any plausible quality crisis at the termination of the production
cycle. Subsequently, this Juran’squality philosophy was adopted by
healthcare industry in 1990’s to produce the medical devices too.
Introduction of these rational and systematic quality principles to most
pharma industrial houses became apparent relatively quite late, i.e., in the
twenty-first century only.

Based upon the Juran’s quality philosophy, pharmaceutical QbD
embarks upon systematic development of product(s) and process(es) with
desired quality traits.As a patient-centric approach, the QbD philosophy
primarily focuses on the safety of patients by developing drug productswith
improved and reproducible quality,coupled upwith reducedmanufacturing
costs. Beginningwith pre-defined objectives, QbD embarks upon enhanced
knowledge and understanding on the products and processes based on the
sound science and quality risk management.The diverse benefits of QbD
approach, which could be harvested during drug product development,are
enlisted in Box 2. Besides QbD, process analytical technology (PAT) tools
have also garnered wide attention in the corner stone of FDA’s quality
initiativesfor design, control and analysis of quality of themanufacturing
processes for their efficient monitoring and control.

Box 2: QbT and QbD grossly differ from each other

Quality by Testing (QbT) Quality by Design (QbD)

• Current state of manufacturing
• Relies on end-product testing
• Testing outweighs the design
• Quality attainment is never

guaranteed
• Doesn’t get much along with

Federal QbR
• Time, effort and money

consuming
• Indecisiveness due to siloed

conditions
• Narrower operating ranges

• Desired state of manufacturing
• End-product testing is for

validation only
• Testing balances with the

design
• Quality is always

accomplished
• Complements well with

Federal QbR
• Reduced expenditure of

resources
• Judicious planning using team

approach
• Wider operating ranges

Figure 2: QbD leads to product and process
understanding, and subsequent continual

improvement

Cardinal Principles of QbD:
The principal endeavor of QbD paradigm has been to accentuate

the sound science-based and risk-based understanding of pharma
manufacturing espousing rational and systematic approaches. QbD, verily,
is a rational attitude of doing things right from the first step envisioning
the nuances of entire procedural elements beforehand. The entire QbD
exercise, therefore, aims at unraveling the scientific minutiae during
systematic product development and manufacturing process(es), which
would have hitherto remained as unearthed.

The first and the foremost task during QbD implementation,
accordingly, is to prioritize the “vital few” among the possible “so many”
variables affecting the particular pharma process or product. “Quality
Risk Management (QRM)” is the key approach federally recommended
and adopted for the purpose not only to provide holistic understanding of
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Figure 4: A typical Ishikawa fish bone diagram depicting plausible sources
of variability

Figure 5: Prioritization using QRM
and factor screening is mandatory
to identify CMAs and CPPs as a
prelude to DoE optimization

Figure 6: Layout of quality risk management (QRM) strategy employing risk
estimation matrix

defining the Quality Target Product
Profile (QTPP), identification of
Critical Quality Attributes (CQAs),
Critical Formulation Attributes
(CFAs) and Critical Process
Parameters (CPPs),selection
o f ap t expe r imen ta l
designs for DoE-guided,
precise definition of
design and control
spaces to embark
upon theoptimum
f o r m u l a t i o n ,
postulation of
control strategy
fo r cont inuous
improvement. Figure 3 illustrates the five-step methodology for drug
product development employing QbD-based approach.

• Step I: Ascertaining Drug Product Objective(s)
The quality target product profile (QTPP) is a prospective summary

of quality characteristics of the drug delivery product ideally achieved to
ensure the desired quality, taking into account the safety and efficacy of
the drug product.During drug product development, QTPP is embarked
through brain storming among the teammembers cutting across multiple
disciplines in the industry. Critical Quality Attributes (CQAs) are the physical,
chemical, biological or microbiological characteristic of the product that
should be within
an appropriate limit, range or distribution to ensure the desired product
quality.There are various types of CQAs associatedwith the drug products
such as drug substance CQAs, excipients CQAs, packaging material
CQAs, etc.The identification of prime CQAs from the QTPP is based on the
severity of harm a patient may get plausibly owing to the product failure.
Thus after defining the QTPP, the CQAs which pragmatically epitomize the
objective(s), are earmarked for the purpose.

• Step II: Prioritizing Input Variables for Optimization
Material attributes (MAs) and process parameters (PPs) are

considered as the independent input variables associated with a product
and/or process, which directly influence the CQAs of the drug product.
PPs can be of different types such as non-Critical Process Parameters
(non-CPPs), Unclassified Process Parameters (UPPs) and Critical Process
Parameters (CPPs). Ishikawa-Fish bone diagram are used for establishment
of cause-effect relationship among the input variables affecting the quality
traits of the drug product. Figure 4 illustrates a typical cause-effect diagram
highlighting the plausible causes of product variability and their impact
on drug product CQAs.

Prioritization exercise is carried
out employing initial risk assessment
and QRM techniques for identifying the
“prominent few” input variables, termed
as Critical Material Attributes (CMAs)
and Critical Process Parameters (CPPs)
from the “plausible so many”. This
process is popularly termed as factor
screening. Comparison Matrix (CM),
Risk Estimation Matrix (REM), Failure
Mode Effect Analysis (FMEA) and
Hazard Operability Analysis (HAZOP)
are the examples of commonly
employed risk assessment techniques.
Using these techniques, various MAs
and PPs are assigned with different
risk levels viz. low, medium and high
risk based on their severity and likelihood of occurrence. The moderate
to high risk factors are chosen from patient perspectives through brain
storming among the team members for judicious selection of CMAs. As
a thumb rule, risk assessment using QRM is adopted along with DoE and
factor screening using experimental designs during an archetypal QbD
exercise (Figure 5).

Figure 6 portrays the flow layout of overall risk assessment plan
employing risk assessment and risk management for identifying the
potential CMAs employing a prototype REM model.

The low-resolution first-order experimental designs (e.g., fractional
factorial, Plackett-Burman and Taguchi designs) are highly helpful for
screening and factor influence studies. Before venturing into product or
process optimization, prioritization of CMAs/CPPs using such QRM and/
or screening is obligatory.

• Step III: Design-guided Experimentation & Analysis
Response surface methodology is considered as a pivotal part

of the entire QbD exercise for optimizationof product and/or process
variables discerned from the risk assessment and screening studies. The
experimental designs help in mapping the responses on the basis of the
studied objective(s), CQAs being explored, at high, medium or low levels
of CMAs. Figure 7 diagrammatically enumerates the key experimental
designs employed during QbD-based product development for response
surface methodology and/or factor screening.Factorial, Box-Behnken,
composite, optimal and mixture designs are the commonly used high
resolution second-order designs employed for drug product optimization.
Figure 8 delineates the diagrammatic representation of some of these
designs using a cubic model depiction. Design matrix is a layout of
experimental runs in matrix form generated by the chosen experimental
design, to guide the drug delivery scientists. The drug formulations are
experimentally prepared according to the design matrix and the chosen
response variables are evaluated meticulously.
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Figure 8: Pictographic representation of important experimental designs employed during FbD

• Step IV: Modelization & Validation of QbD Methodology
Modelization is carried out by selection of apt mathematical models

like linear, quad-ratic and cubic models to generate the 2D and 3D-
response surface to relate the response variables or CQAs with the input
variables or CMAs/CPPs for identifying underlying interaction(s) among
them. Multiple Linear Regression Analysis (MLRA), Partial Least Squares
(PLS) analysisand Principal Component Analysis (PCA) are some of the
key multivariate chemometric techniques employed for modelization to
discern the factor-response relationship. Besides, the model diagnostic
plots like perturbation charts, outlier plot, leverage plot, Cook’s distance
plot and Box-Cox plot are also helpful in unearthing the pertinent scientific
minutiae and interactions among the CMAs too.The search for optimum
solution is accomplished through numerical and graphical optimization
techniques like desirability function, canonical analysis, artificial neural
network, brute-force methodology and overlay plot. Subsequent to the

optimum search, the optimized
formulation is located in the design
and control spaces.Design space is
a multidimensional combination of
input variables (i.e., CMAs/CPPs)
and out variable (i.e., CQAs) to
discern the optimal solution with
assurance of quality. Figure 9
illustrates the interrelationship
among various spaces l ike,
explorable, knowledge, design and
control spaces. Usually in industrial
milieu, a narrower domain of
control space is construed from
the design space for further implicit
and explicit studies.

• Step V: QbD Validation, Scale-up and Production

Validation of the QbD methodology is a crucial step that forecasts
about the prognostic ability of the polynomial models studied. Various
product and process parameters are selected from the experimental
domain and evaluated as per the standard operating conditions laid
down for the desired product and process related conditions carried
out earlier, commonly termed as checkpoints or confirmatory runs. The
results obtained from these checkpoints are then compared with the

Figure 9: Interplay of knowledge,
design and control spaces

Figure 7: Key instances of experimental designs used
during formulation by design (FbD)

predicted ones through linear correlation plots and the residual plots to
check any typical pattern like ascending or descending lines, cycles, etc.
To corroborate QbD performance, the product or process is scaled-up
through pilot-plant, exhibit and production scale, in an industrial milieu to
ensure the reproducibility and robustness. A holistic and versatile “control
strategy” is meticulouslypostulated for “continuous improvement” in
accomplishing better quality of the finished product.

Software Usage during QbD
The merits of QbD techniques are galore and their acceptability

upbeat. Putting such rational approaches into practice, however, usually
involves a great deal of mathematical and statistical intricacies. Today,
with the availability of powerful and economical hardware and that of
the comprehensive QbD software, the erstwhile computational hiccups
have been greatly simplified and streamlined. Figure 10 enlist the select
computer software available commercially for carrying out QbD studies in
industrial milieu. Pertinent computer software available for DoE optimization
include Design-Expert®,Minitab®, MODDE®,Unscrambler®, JMP®,
Statistica®, etc., are at the rescue,which usually provide interface guide at
every step during the entire product development cycle.Softwareproviding
support for chemometric analysis through multivariate techniques like
MNLRA, PCA, PLS, etc. encompass, MODDE®, Unscrambler®, SIMCA®,
CODDESA®.For QRMexecution using Fish-bone diagrams, REMand FMEA
matrices during risk assessment studies, etc.,software like, Minitab®,
Risk®, Statgraphics, FMEA-Pro, iGrafx, etc., can be made use of.

Figure 10: Select computer software used during QbD implementation for
product and process optimization
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Figure 11: A bird’s eye view of salient
milestones during QbD implementation as

per the federal requirements
Figure 12: Omnipresence of QbD during the

entire pharma product life cycle

For product development,
in a nutshell, the fundamental
elements that federal agencies
anticipate from a QbD-oriented
regulatory submission are
represented as a sequential
mandala, as in Figure 11.

QbD during Various Stages
of Product Life-Span

In fact, the utility of versatile
QbD approach is not only
restricted to various stages of
product development of small
molecules as well as bigger
biological macromolecules, but

extends to the entire product lifespan. Appliance of QbD at various stages
of product lifespan, starting from the early developmental phase to even
after the post-approval commercial launch and post-marketing surveillance
stage, is spelled out as:

Preclinical developmental phase
The ability to use prior knowledge from previous products, prior

published or patent literature and prior experience is helpful in applying
QbD during early stages of developing the lead molecule. Prior knowledge
of patient needs helps in meeting the requirement of desired quality
characteristicsin the new drug product.

Nonclinical and clinical phase
To meet the predefind specifications, the experiments condcted at

preclinical and nonclinical stage are used to meet the requirements of
the target product. This includes the in vitro and in vivo tests, depeding
upon the type of product, feasibility experiments, toxicology tests or
clinical study details. Under the ambit of QbD-based approach of product
development, clinical studies help in providing thought-through information
on the quality attributes of the product and help in microrefinment of the
product and manufacturing process(es).

Scale-up phase
QbD tends to provide a great deal of understanding during scale-up

phase. This allows to document changes and rationalizes during changeover
from small pilot scale to the full-scale commercial manufacturing. Further,
the information extracted at this stage is useful in designing the control
strategy for continuous improvement.

Marketing approval phase
Submissions based on QbD providemore scientific information on the

product, processes and change controls employed during optimization.
This helps in improving the quality of submissions and ultimately provides
regulatory flexibility for faster approval from the regulatory agencies.

QbD Applicationsin Various Other Pharma Sectors
Beyond any cynicism, QbD has been an inimitable quality-targeted

approach for attaining excellence while developing efficacious, cost-
efficacious, safe and robust drug products. Besides, it facilitates
macroscopic and microscopic comprehension of products or processes,
and helps in accomplishing federal compliancewith phenomenal ease and
economy, whether for generics or innovator’s.

Today, a pharmaceutical scientist on industrial fronts has not only
been deriving its stellar benefits during entire product development life-
cycle, but beyond too. The other key domain where QbD principles are

being used frequently used
encompasses the analytical
method development. In
addition, QbD has slowly
been percolating into sev-
eral other interdisciplinary
areas like API development,
dissolution testing, manu-
facturing, bioequivalence
studies and stability testing
too. Figure 12 pictorially
illustrates the application of
strategic principles of QbD
duringdiverse phases of
drug product development
cycle.

Analytical QbD (AQbD)
AQbD, on the heels of QbD, endeavors for understanding the prede-

fined analytical objectives.These comprise, Quality Target Method Profile
(QTMP) of an analytical method,and identifying the Critical Method
Variables (CMVs) affecting the Critical Analytical Attributes (CAAs)for
attaining enhancedmethod performance, like high robustness, ruggedness
and flexibility for continual improvement within the ambit of analytical
design spac. Besides, AQbD helps in reducing and controlling the source
of variability to gain in-process information for taking control decisions in
a timely manner.This facilitates attaining flexibility in analysis of API and
impurities in dosage forms, stability samples and biological samples and
to go beyond traditional ICH procedure of method validation.Like FbD, the
AQbD also embarks upon risk-assessment studies through REM/FMEA,
andDoE-guided factor screening and optimization studiesfor improving
the method performance. Instances of CMVs during AQbD optimization
include mobile phase composition, flow rate, gradient time, column oven
temperature, pH, while CAAs include peak area, retention time, theoretical
plates, asymmetry factor and capacity factor.

QbD during drug substance development
Developing drug substances employing the systematic QbD-based

paradigmhas been recently popularized to accomplish the desired objective
of producing drug substancewith reduced variability, high purity and yield.
ICHQ11 guidance, in this regard, provides detailed understanding of the key
principles of manufacturing drug substance employing rational paradigms.
As per the QbD approach, the quality target profile for drug substance
are defined, which includes molecular, physiochemical and biological
properties, pharmacokinetics, storage and packaging conditions, etc.
The concentrations of reactants, solvents, initiators, stabilizers employed
during synthesis of drug substance are mainly used as the CMAs, which
are subsequently optimized for their impact on CQAs like, API particle size
and size distribution, polymorphism, hygroscopicity, density, flow property,
aqueous solubility, etc.

QbD in dissolution testing
As dissolution testing is primarily considered as one of the most

important quality control test for preparing the release specification for
any pharmaceutical dosage form, the QbD approach helps in optimizing the
drug product composition for accomplishing analogous drug release profile
to that of the reference listed product. Important examples of CQAswhich
determines the product quality include amount of drug release at specified
time intervals, mean dissolution time, dissolution efficiency, release
exponent, etc., whereas the concentration of polymers, disintegrants,
type of medium are used as CMAs which tend to affect the dissolution
profile of drug products.
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QbD in bioequivalence testing
Implementation of QbD during bioequivalence study helps in optimizing

the drug products (i.e., generics) in obtaining desired pharmacokinetic
profile matched with that of the reference listed product. Important
pharmacokinetic metric like, Cmax, Tmax, AUC, AUC0-t, AUC∞, are considered
as the critical quality traits for optimizing the formulation variables like,
concentration of release controlling polymer, coating composition, coating
percentage, etc.

QbD in biologicals and herbals
Most often, QbD has been applied to the development of processes

and products of small molecules only. Though quite disparate from each
other, the biologicals and herbals both, on the other hand, are relatively
more intricate, multi-component and heterogeneous systems which
are not precisely defined, analyzed or characterized. Hence, scrupulous
understanding of the relationships between process variables, and
product CQAs is obligatory for such products. Several attempts have
lately been made to apply chemometric multivariate tools and DoE to
develop optimized processes yielding robust biosimilars, improved yield
of production of proteins, enzyme, etc., and upgraded efficiency of herbal
extraction procedures.

QbD in stability testing
QbD approach in stability testing furnishes better understanding of

the product stability and shelf-life, information on degradation products,
compatibility of container(s)/closure(s) with packaging materials. This
helps in preparing the specifications related to safety, efficacy of finished
product(s) with respect to the concentration of degradants and final
qualifications of them for marketing approval.

QbD-based work at Panjab University: Evolution of a Revolution
The sojourn of implementing systematic approaches using DoE

started at University Institute of Pharmaceutical Sciences (UIPS) at Panjab
University way back in early 1990’ssomewhat quite intuitively, when the
entire pharma world was banking on the traditional OFAT approach of
developing the drug products. As the implementation of DoE invariably
involved intricate algorithms and computations, availability of dedicated
computer softwarewas considered indispensable to take off. Requests for
DoE software ex-gratis having been failed, the author, with the help of a
scholar, wrote the DoE software in FORTRAN 90, christened as “FACTOP”,
containing proviso for factorial, composite andmixture designs. Since then,
the adoption of systematic approaches has been a regular phenomenon
at the Institute for developing novel and nanostructured DDS of diverse
types employing diverse experimental designs andmultivariate techniques.
Over the period of time, incorporating newer QbD-oriented vistas such as
QRM and chemometric tools, more than 70 papers have been published
exclusively on QbD-enabled development with three comprehensive
reviews as the most sought-after repertoire of information on FbD and
DoE across the globe.

Table 1 and Table2 enlist the instances on application of QbD on
drug delivery products and analytical method optimization, respectively,
indicating thediverse type(s) of experimental design(s) employed as
well.

Several hundreds of scientists have been trained on QbD-based
concepts through onsite training seminars and Conference workshops.
The collage in Fig. 13 portrays some of the logos of industrial houses with
which industry-academia interactions have taken place primarily through
training on QbD paradigms.

A number of highly prestigious recognitions, awards and accolades
have poured exclusively in appreciation of the QbD-basedwork conducted
at the Institute, as:

Table 1: A chronological account on the application of FbD
methodology in the development of novel nanostructured drug

delivery systems in our laboratories

Drug Delivery
Systems

Drug FbD
Designs

Software Year

Hydrophilic
matrices

Diclofenac FD FACTOP 1997
Captopril FD FACTOP 1998
Verapamil HCl CCD FACTOP 2001

CRmicrospheres Diltiazem HCl FD FACTOP 2002
Buccoadhesive
tablets & films

Diltiazem HCl FD FACTOP 2002
Rivastigmine HCl PBD, CCD Minitab 2012

Solid
dispersions &

Inclusion
complexes

Flurbiprofen FD FACTOP 2002
Meloxicam CCD Design Expert 2005
Nimesulide D-OD Design Expert 2006
Rofecoxib CCD Design Expert 2007

Flexible
liposomes

Nimesulide FD Design Expert 2005
Diclofenac D-OD Design Expert 2009

Liposomal gels Clobetasol-
propionate

CCD Design Expert 2005

Tamoxifen TgD, FCCD Design Expert 2005
Mucoadhesive
tablets

Atenolol CCD Design Expert 2006
Verapamil CCD Design Expert 2007
Lamivudine CCD Design Expert 2007

Gastroretentive-
floating-
bioadhesive
tablets

Trimetazidine HCl CCD Design Expert 2008
Hydralazine HCl CCD Design Expert 2009
Zidovudine CCD Design Expert 2012
Lamivudine FCCD Design Expert 2012
Rivastigmine FCCD Design Expert 2012

SNEDDS Carvedilol CCD Design Expert 2008
Raloxifene D-OD Design Expert 2009
Simvastatin CCD Design Expert 2010
Candesartan MD Design Expert 2010
Lopinavir TgD, D-OD Design Expert 2013
Darunavir FFD, D-OD Design Expert 2014
Paclitaxel TgD,FFD,D-OD Design Expert 2014

Supersaturable
SEDDS

Ezetimibe PBD, CCD Design Expert 2012

Solid SNEDDS Carvedilol CCD Design Expert 2010
Valsartan FFD, CCD Design Expert 2012
Lovastatin FCCD Design Expert 2013
Ezetimibe TgD, D-OD Design Expert 2014

Eutectic
SNEDDS

Olmesartan IV-OD Minitab 2013

Transdermal
gels

Tenoxicam FD FACTOP 2002

In situgelling
systems

Acyclovir CCD Design Expert 2010

Nasal
microspheres

Lercanidipine HCl CCD Design Expert 2010

Quercetin CCD Statgraphics 2012
SLNs Etodolac CCD Design Expert 2011

Quercetin CCD Design Expert 2011

Methotrexate FCCD Design Expert 2014

Darunavir TgD, CCD Design Expert 2014
NLCs Isotretinoin CCD Design Expert 2011

Lopinavir PBD, BBD Design Expert 2014
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Drug Delivery
Systems

Drug FbD
Designs

Software Year

Nanoemul
-somes

Dithranol FCCD Design Expert 2012

Nanoemulsions Prilocaine D-OD, FCCD Design Expert 2014

In Situgelling
periodontal
nanoparticles

Ofloxacin CCD Design Expert 2012

Ornidazole CCD Design Expert 2012

Moxifloxacin TgD Design Expert 2014

Phospholipid Methotrexate D-OD Design Expert 2005

Cyclosporine CCD Design Expert 2006

Oral mucosal
vaccines

Diphtheria toxoid BBD Design Expert 2013

Nanobiolo-
somes

Diphtheria toxoid FCCD Design Expert 2012

Ethosomes Lidocaine &
Prilocaine

FMEA, PBD,
BBD

Design Expert 2014

Functionalized
CNTs

Berberine BBD Design Expert 2014

Mixed Micelles Tamoxifen TgD, BBD Design Expert 2014

BBD:Box-BehnkenDesign, CCD: Central CompositeDesign, CNTs: CarbanNanotubes,
D-OD: D-Optimal Design, FCCD: Face Centered Cubic Design,FD: Factorial Design,
HCl: Hydrochloride, MD: Mixture Design, NLCs: Nanostructured Lipid Carriers,
PBD: Plackett-Burman Design, SLNs: Solid Lipid Nanoparticles, SNEDDS: Self
Nano-emulsifying Drug Delivery Systems, TgD: Taguchi Design.

Table 2: An account on the application of Analytical quality by
design methodology in our laboratories

Analytical
Method Drug FbD Designs Software Year

RP-HPLC
Methotrexate TD, BBD Design Expert 2014

Olmesartan-
medoxomil TD, FCCD Design Expert 2014

RP-UPLC Docetaxel PBD, FCCD Design Expert 2014

BBD: Box-Behnken Design, FCCD: Face Centered Cubic Design, HPLC: High
performance liquid chromatography, PBD: Plackett Burman Design, RP: Reverse
phase, TD: Taguchi Design, UPLC: Ultra pressure liquid chromatography.

Figure 13: Our liaison with various pharma industrial houses esp. to impart
QbD-based training

• Pharma QbD Excellence Award 2012 by CPhI Asia Conferences,
Ahmadabad.

• AAPS QbD & Product Performance Award 2012, Chicago, USA.

• AAPS QbD & Product Performance Award 2013, San Antonio, Texas,
USA.

• OutstandingQbD Scientist Award 2014 by Select Bio, Mumbai,
2014.

• Pharma QbD Performance Award 2014 byM/s Stat-Ease Inc.,
Minneapolis, USA.

The unquenchable thirst and unflinchable quest for knowledge has
still been continuing to reinforce our humble contribution in this domain
of QbD so far….

EPILOGUE
Today, the federal agencies look for assurance of patient-centric

quality “built-in” into the system, rather than through end-product
testing. Notwithstanding the enormous utility of QbD-based philosophy
in developing optimal drug products, it leads research mindsets to evolve
“out-of-box” strategies too. As variability tends to exist at each and
every stages of product development life cycle, QbD application needs
to be omnipresent. Apt implementation of QbD paradigms, accordingly,
would be pivotal in achieving a “win-win situation” for patients, drug
industry and regulators. The practice of systematic QbD implementation
for products has undoubtedly spiced up over the past a few decades, yet
it is far from being adopted as a standard practice. Federal regulations
for generic drug products are already in place. Several initiativesstill need
to be undertaken to inculcate mundane use of diverse QbD paradigms in
the holistic domain. Apart from these, the synergistic use of in-process
PAT and RTRT tools in tandem with process engineering approaches like
extensometry and chemometry,can also be helpful in ameliorating product
and process understanding and enhancing the process capability for
efficient manufacturing.With the growing acceptance of QbD paradigms,
in a nutshell, it is rationally prophesized that soon these QbD philosophies
will be required to be implemented to innovators, biosimilars, analytical
development, API development and even beyond.
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ABSTRACT

Quality by Design (QbD) refers to a holistic approach towards drug development. Quality by design is a vital part of the modern 
approach to pharmaceutical quality. There is much confusion among pharmaceutical scientists in generic drug industry about the 
appropriate element and terminology of quality by design. The purpose of this paper is to discuss the pharmaceutical Quality by 
Design (QbD) and illustrate how it can be used to ensure pharmaceutical quality. The QbD is a systemic approach to pharmaceutical
development. It means designing and developing formulations and manufacturing processes to ensure predefined product quality. 
Some of the QbD elements include: Defining Quality target product profile, Identifying critical quality attributes, link the drug 
excipients attributes, establishing design space, control strategy, and product life cycle management. Using QbD, pharmaceutical 
quality is assured by understanding and controlling formulation and manufacturing variables. A new approach to drug development 
could increase efficiencies, provide regulatory support and flexibility, and offer important business benefits throughout the 
product’s life cycle. This article explores the processes used in developing a market formulation and required supportive data, 
particularly in light of the industry’s current movement toward submissions based on QbD. The work also facilitates the adoption 
and implementation of QbD. principles in the development of pharmaceutical industries. Successful implementation of QbD 
concepts requires cooperation across a multitude of company teams, from R&D to manufacturing to quality control and regulatory 
affairs. This is necessary to ensure that QbD concepts are incorporated not only when the first activities are initiated around a 
product’s design but also during the design of the process used to make the product and other activities associated with a product’s 
life cycle. The application of the concept of quality by design (QbD) presented in this paper aligns with the principles of ICH Q8, Q9 
and Q10 guidelines.

Keywords: control strategy, critical material attributes, critical process parameters, design space, Quality by design. 

INTRODUCTION

uality by Design (QbD) was first described by 
Joseph M. Juran1, and applied heavily, particularly 
in the automotive industry. The fundamental 

premise behind QbD is that quality can be “designed in” 
to processes through systematic implementation of an 
optimization strategy to establish a thorough 
understanding of the response of the system quality to 
given variables, and the use of control strategies to 
continuously ensure quality. The FDA has recently begun 
to advocate the QbD methodology for the pharmaceutical 
sector.2 

In order to describe quality by design, we must first 
define what we mean by quality. In a 2004 paper, Janet 
Woodcock (Director for the Centre for Drug Evaluation 
and Research) defined pharmaceutical quality as a 
‘product that is free of contamination and reproducibly 
delivers the therapeutic benefit promised in the label to 
the consumer’.3 

‘Quality in manufacturing is a measure of Excellence or a 
state of being free from defects, deficiencies, and 
significant variation’. 

This explanation focuses on the QbD for generic drugs. 
The concept of QbD was mentioned in the ICH Q8 
guidance, which states that “quality cannot be tested into 
products, i.e., quality should be built in by design”. This 
paper discusses the pharmaceutical quality by design and 

describes how it can be used to ensure pharmaceutical 
quality with emphasis on solid oral dosage forms of small 
molecules. The pharmaceutical industry works hard to 
develop, manufacture, and bring to market new drugs—
and to comply with regulatory requirements to 
demonstrate that the drugs are safe and effective. A new
approach to drug development could increase 
efficiencies, provide regulatory relief and flexibility, and 
offer important business benefits throughout the 
product’s life cycle. This article explores the processes 
used in developing a market formulation and requisite 
supportive data, particularly in light of the industry’s 
current movement toward submissions based on quality 
by design (QbD). It outlines activities that should be
performed early in the drug development process before 
initiating manufacturing and attempting market entry. 
The article identifies the type of data needed to address 
regulatory concerns and provides a pragmatic baseline for 
manufacturing facility requirements. Finally, it introduces 
new technologies that support the QbD approach. This 
paper describes a concise, coherent, and universal 
approach for determining criticality for parameters, 
material attributes, conditions, and quality attributes. The 
work also explains the risk based distinctions governing 
the assignment of criticality to provide consistency and 
facilitate the adoption and implementation of Quality by 
Design (QbD) principles in the development of 
pharmaceutical manufacturing processes. This paper 
describes an approach and technical process for 
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developing and implementing a Control Strategy, which is 
a planned set of controls, derived from current product 
and process understanding that assures process 
performance and product quality. Development of a 
Control Strategy requires a structured process, involving a 
multidisciplinary team of experts, linking pharmaceutical 
development to the manufacturing process, and 
engineering controls of process equipment. This paper 
concentrates on the techniques and principles involved in 
developing the early Control Strategy rather than the 
operational implementation of the strategy. This paper 
describes progress made by the Design Space within the 
Product Quality Lifecycle. Product quality attributes can 
be accurately and reliably predicted over the design space 
established for materials used, process parameters, 
environmental and other conditions. The focus of this 
paper is on the technical elements of Design Space 
development.4, 5

QUALITY

“The degree to which a set of inherent properties of a 
product, system or process fulfils requirements” (ICH Q9)

“Good pharmaceutical quality represents an acceptably 
low risk of failing to achieve the desired clinical 
attributes.” 

Pharmaceutical Quality by Testing  

Product quality is ensured by raw material testing, drug 
substance manufacturing, a fixed drug product 
manufacturing process, in-process material testing, and 
end product testing. If they meet the manufacturer’s 
proposed and FDA approved specifications or other 
standards such as USP for drug substance or excipients, 
they can be used for the manufacturing of the products.6 

Since a few tablets out of several million are tested, drug 
manufacturers are usually expected to conduct extensive 
in process tests, such as blend uniformity, tablet 
hardness, etc; to ensure the outcome of in-process 
testing also meets the FDA approved in-process testing 
specifications. Manufacturers are also not permitted to 
make changes to the operating parameters specified in 
the batch record or other process changes without filing 
supplements with the FDA. As a result, the FDA has been 
overwhelmed by the number of Chemistry, 
Manufacturing, and Controls (CMC) supplements filed in 
recent years. For example, in 2005 and 2006, the FDA 
Office of Generic Drugs received over 3,000 CMC 
supplements annually.7-10 This combination of fixed 
manufacturing steps and extensive testing is what 
ensures quality under the traditional system. Limited 
characterization of variability, inadequate understanding 
to identify and quantify critical process parameters, and 
caution on the part of regulators leads to a very rigid and 
inflexible specifications that prohibit the release of 
products that may have acceptable clinical performance 
11 .Significant industry and FDA resources are spent 
debating issues related to acceptable variability, need for 
additional testing controls, and establishment of 
specification acceptance criteria. Often these debates are 

concentrated on acceptance limits or statistical aspects. 
FDA reviewers’ conservatism results from the fact that 
manufacturers may not understand how drug substance, 
excipients, and manufacturing processes affect the 
quality of their products or they do not share this 
information with FDA reviewers. Under the traditional 
regulatory evaluation system, all products are treated 
equally without regard to the risk to the consumer.12 This 
has the effect of placing too much review time on low-risk 
products and more significantly, takes away needed 
resources from the review of high-risk products. CMC 
review assessments of complex dosage forms (modified 
release products, topicals and transdermals) as well as 
narrow therapeutic index (NTI) drugs differ only
marginally from those of simple dosage forms (many 
immediate release solid oral products). Further, all CMC 
information in applications are sometimes evaluated 
equally, without differentiation of criticality, resulting in 
the requirement of intensive resources for each 
application. 

In summary, product quality and performance are, in the 
traditional framework, achieved predominantly by 
restricting flexibility in the manufacturing process and by 
end product testing. The present regulatory review 
system places little or no emphasis on how the design of 
an effective and efficient manufacturing process can 
ensure product quality. As a result, the complexities of 
process scale-up, particularly for complex dosage forms 
are often not recognized. Product specifications often are
derived using test data from one or more batches (often 
not at production scale), and mechanistic understanding 
does not play a significant role in this process. Finally, the 
burdensome regulatory requirement of supplements 
imposed on manufacturers for executing minor and 
incremental changes to manufacturing processes and 
controls inhibits continuous improvement and strategies 
for the implementation of continuous “real time” 
assurance of quality.

Pharmaceutical Quality by Design  

QbD is a systematic approach to development that begins 
with predefined objectives and emphasizes product and 
process understanding and process control based on 
sound science and quality risk management (ICH Q8(R)) 

QbD means designing and developing formulations and 
manufacturing processes to ensure predefined product 
quality. Thus, QbD requires an Understanding and 
controlling formulation and manufacturing process 
variables influence product quality. 

Relevant documents from the International Conference 
on Harmonization of Technical Requirements for 
Registration of Pharmaceuticals for Human Use (ICH), ICH 
Q8, Pharmaceutical Development, along with ICH Q9, 
Quality Risk Management, and ICH Q10, Pharmaceutical 
Quality Systems, indicate on an abstract level how quality 
by design acts to ensure drug product quality. 
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ICH Q8 defines quality as “The suitability of either a drug 
substance or drug product for its intended use. This term 
includes such attributes as the identity, strength, and 
purity.” ICH Q6A emphasizes the role of specifications 
stating that “Specifications are critical quality standards 
that are proposed and justified by the manufacturer and 
approved by regulatory authorities.”13 Pharmaceutical 
QbD is a systematic, scientific, risk-based, holistic and 
proactive approach to pharmaceutical development that 
begins with predefined objectives and emphases product 
and processes understanding and process control.14 It 
means designing and developing formulations and 
manufacturing processes to ensure predefined product 
quality objectives. QbD identifies characteristics that are 
critical to quality from the perspective of patients, 
translates them into the attributes that the drug product 
should possess, and establishes how the critical process 
parameters can be varied to consistently produce a drug 
product with the desired characteristics.15 In order to do 
this the relationships between formulation and 
manufacturing process variables (including drug 
substance and excipient attributes and process 
parameters) and product characteristics are established 
and sources of variability identified. This knowledge is 
then used to implement a flexible and robust 
manufacturing process that can adapt and produce a 
consistent product over time. 

Figure 1: Overview of QbD

Thus, some of the QbD elements may include, 

 Define quality target product profile that describes 
the use, safety and efficacy of the product.

 Design and develop product and manufacturing 
processes.

 Identify critical quality attributes, process 
parameters, and sources of variability. 

 Establish a control strategy for the entire process. 

 Control manufacturing processes to produce 
consistent quality over time.

Under the QbD concept, pharmaceutical quality for 
generic drugs is assured by understanding and controlling 
formulation and manufacturing variables. End product 
testing confirms the quality of the product and is not part 
of the manufacturing consistency or process control. 
Under QbT a product specification is often set by 
observing data from a small number of batches believed 
to be acceptable and then setting acceptance criteria that 
required future batches to be the same. Under QbD 
consistency comes from the design and control of the 
manufacturing process and the specification of drug 
product under QbD should be clinically relevant and 
generally determined by product performance. QbD 
requires an understanding how formulation and process 
variables influence product quality. These discussions 
have generally focused on the development of new drugs. 
Drawing on these discussions and some specific aspects 
of the development of generic products, a QbD 
development process may include & begin with a target 
product profile that describes the use, safety and efficacy 
of the product & Define a target product quality profile 
that will be used by formulators and process engineers as 
a quantitative surrogate for aspects of clinical safety and 
efficacy during product development & Gather relevant 
prior knowledge about the drug substance, potential 
excipients and process operations into a knowledge 
space. Use risk assessment to prioritize knowledge gaps 
for further investigation & Design a formulation and 
identify the critical material (quality) attributes of the 
final product that must be controlled to meet the target 
product quality profile & Design a manufacturing process 
to produce a final product having these critical material 
attributes & identify the critical process parameters and 
raw material attributes that must be controlled to achieve 
these critical material attributes of the final product. Use 
risk assessment to prioritize process parameters and 
material attributes for experimental verification. Combine 
prior knowledge with experiments to establish a design 
space or other representation of process understanding & 
establish a control strategy for the entire process that 
may include raw material controls, process controls and 
monitors, design spaces around individual or multiple unit 
operations, and final product tests. The control strategy 
should include expected changes in scale and can be 
guided by a risk assessment & continually monitor and 
update the process to assure consistent quality Design of 
experiments (DOE), risk assessment, and process 
analytical technology (PAT) are tools that may be used in 
the QbD process when appropriate. The difference 
between QbD for NDA and ANDA products is most 
apparent at the first step of the process. For an NDA, the 
target product profile is under development while for the 
ANDA product the target product profile is well 
established by the labelling and clinical studies conducted 
to support the approval of the reference product Table 1.
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Table 1: Current Vs QbD approach to pharmaceutical development

Conventional Product Development QbD Approach (Ideal) 

Quality assured by end product testing and inspection and mainly 
an empirical approach. 

Quality built into product & process by design, based on scientific 
understanding and a systematic approach. 

Data intensive submission – disjointed information without “big 
picture”

Knowledge rich submission – showing  

product knowledge & process understanding 

Specifications based on batch history Specifications based on product performance requirements

“Frozen process” disallowing changes 
Flexible process within design space, allowing continuous 
improvement 

Focus on reproducibility – often avoiding or ignoring variation
Focus on formulation and process robustness – understanding 
and controlling variation  

“Quality is built in by design, not tested in”

“Quality by design is about doing things consciously.”

Key Aspects of Qbd

 

Figure 2: Flow diagram (Key Aspects of QbD) 

TARGET PRODUCT PROFILE (TPP)  

FDA published a recent guidance defining a Target 
Product Profile (TPP): “The TPP provides a statement of 
the overall intent of the drug development program, and 
gives information about the drug at a particular time in 
development. Usually, the TPP is organized according to 
the key sections in the drug labelling and links drug 
development activities to specific concepts intended for 
inclusion in the drug labelling.” When ICH Q8 says that 
pharmaceutical development should include 
“...identification of those attributes that are critical to the 
quality of the drug product, taking into consideration 
intended usage and route of administration”, the 
consideration of the intended usage and route of 
administration would be through the TPP. 

The TPP is a patient and labelling centred concept, it can 
be thought of as the “user interface” of the drug product. 
Thus a generic version and its reference product would be 
expected to have the same TPP. A generic product may 
use a different formulation or design to implement the 
TPP. The characteristics and performance tests of a drug 
product would depended on the particular 
implementation and may differ between a generic and 
reference product.  

For a new drug, changes to the TPP may require new 
safety or efficacy data. 

For Reformulation, Changes to product characteristics or 
performance that result from a reformulation may not 
require that data.  

Many aspects of the TPP determine the actions of 
formulation and process development scientists. It is the 
role of a pharmaceutical scientist to translate the 
qualitative TPP into what we define as the target product 
quality profile (QTPP) for further use in a quality by design 
process. 

Identifying Quality Target Product Profile (Qtpp)  

“Begin with the end in mind”

By Beginning with the end in the mind, the result of 
development is robust formulation and manufacturing 
process with an acceptable control strategy that ensures 
the performance of the drug product.

The quality target product profile (QTPP) is “a prospective 
summary of the quality characteristics of a drug product 
that ideally will be achieved to ensure the desired quality, 
taking into account safety and efficacy of the drug 
product.”The QTPP is an essential element of a QbD 
approach and forms the basis of design of the generic 
product. 

The quality target product profile (QTPP) is a quantitative 
substitute for aspects of clinical safety and efficacy. 
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International Society of Pharmaceutical Engineers (ISPE) 
Product Quality Lifecycle Implementation (PQLI) calls this 
the Pharmaceutical Target Product Profile.  

Quality target product profile (QTPP) Includes, but not 
limited to: 

 Dosage form  

 Route of administration

 Strength 

 Release or Delivery of the drug 

 Pharmacokinetic characteristics 

e.g., dissolution, aerodynamic performance 

 Drug product quality characteristics for intended use 
e.g., sterility, purity. 

Generic products would include bioequivalence to the 
RLD as part of the QTPP. The QTPP is not a specification 
because it includes tests such as bioequivalence or 
stability that are not carried out in batch to batch release. 
The QTPP should only include patient relevant product 
performance. For example, if particle size is critical to the 
dissolution of a solid oral product, then the QTPP should 
include dissolution but not particle size. Particle size 
would be a critical material attribute and thus included in 
the process description and control strategy. The QTPP 
should be performance based and not mechanism 
based.16-17 

Drug Substance and Excipient Properties 

Drug substance–physicochemical and biological 
properties in relation to product performance and 
manufacturability.

Excipients - concentration, characteristics and 
functionality in relation to product performance and 
manufacturability and functionality during shelf-life.

It is well recognized that excipients could be a major 
source of variability. Characterization and understanding 
of excipients' pharmaceutical properties depend on the 
function and utility of excipients. Drug-excipient 
compatibility knowledge and information are valuable in 
the design of formulation and manufacturing processes. 
Such information may be gained through theoretical 
investigation and experimental studies. It is known to all 
that mechanistic understanding of degradation kinetics 
provides more value in predicting stability than 
experimental data collected under artificial stress 
conditions. 

Formulation Design and Development  

Not all prototype formulations can be evaluated in human 
subjects, which mean that developing sensitive in vitro 
dissolution methods is crucial to an effective 
development program. FDA's recommended in vitro 
dissolution method is generally used for quality control. 
Generic-drug sponsors report using in-house methods for 
pharmaceutical development (some mentioned using as 

many as five biorelevant dissolution conditions) to 
evaluate formulations and processes before performing 
bioequivalence studies.

QbD should rely on the relevance of individual studies 
rather than the number of studies because one of the 
objectives of QbD is to understand how the material 
attributes of the drug substance and excipients influence 
product quality.18

In order to design and develop a robust generic product 
that has the desirable QTPP, a product development 
scientist must give serious consideration to the 
biopharmaceutical properties of the drug substance. 
These biopharmaceutical properties include physical, 
chemical, and biological properties. Physical properties 
include physical description (particle size, shape, and 
distribution), polymorphism, and aqueous solubility as 
function of pH, hygroscopicity, and melting points.19-21

A summary of formulations used in clinical safety and 
efficacy and in any relevant bioavailability or 
bioequivalence studies should be provided.

Any changes between the proposed commercial 
formulation and those formulations used in pivotal 
clinical batches and primary stability batches should be 
clearly described and the rationale for the changes 
provided. 

Overages 

Use of an overage of a drug substance to compensate for 
degradation during manufacture or a product’s shelf life, 
or to extend shelf life, is discouraged.

Any overages in the manufacture of the drug product 
whether they appear in the final formulated product or 
not, should be justified considering the safety and efficacy 
of the product. 

Information should be provided on the- 

 Amount of overage, 

 Reason for the overage (e.g., to compensate for 
expected and documented manufacturing losses), 
and

 Justification for the amount of overage.

The overage should be included in the amount of drug 
substance listed in the batch formula.22

Manufacturing Process Development 

Process development and formulation design cannot be 
separated because a formulation cannot become a 
product without a prescribed process. Process design is 
the initial stage of process development, in which an 
outline of the commercial manufacturing processes is 
documented, including the intended scales of 
manufacturing. The outline should include all the factors 
that need to be considered for the design of the process, 
including facility, equipment, material transfer, and 
manufacturing variables. Other factors to consider during 
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process development are the QTPP and CQAs. Depending 
upon the product being developed, type of process, and 
process knowledge the development scientists have, it 
may be necessary to conduct preliminary feasibility 
studies before completing the process development. The 
selection of the type of process depends upon the 
formulation and the properties of the materials.  

A formulation without a process is, for example, a pile of 
powder. Process design is the initial stage of process 
development where an outline of the commercial 
manufacturing processes is identified on paper, including 
the intended scales of manufacturing. 

The selection of type of process depends upon the 
product design and the properties of the materials. For 
example, tablet manufacturing typically involves one of 
two methods: direct compression or granulation. Direct 
compression is the most straightforward, easiest to 
control, and least expensive tablet manufacturing 
process. It uses two primary unit operations, mixing and 
compression, to produce the finished tablet. Direct 
compression is used when ingredients can be blended, 
positioned onto a tablet press, and made into a high 
quality tablet without any of the ingredients having to be 
changed. When powders are very fine, fluffy, will not stay 
blended, or will not compress, then they may be 
granulated. Granulation is the process of collecting 
particles together by creating bonds between them. 
Bonds are formed by compression or by using a binding 
agent. Wet granulation, the process of adding a liquid 
solution to powders, is one of the most common ways to 
granulate. The dry granulation process is used to form 
granules without using a liquid solution. Forming granules 
without moisture requires compacting and densifying the 
powders. Dry granulation can be conducted on a tablet 
press using slugging tooling, or more typically on a roller 
compactor. Pharmaceutical development scientists have 
just begun making use of computer-aided process design 
(CAPD) and process simulation to support process 
development and optimization of manufacturing. The 
utility of CAPD and process simulation in drug product 
design is limited. This is largely because the 
pharmaceutical industry has traditionally put emphasis on 
new drug discovery and development, and the complexity 
of drug product manufacturing operations are not well 
recognized.  

The use of CAPD and process simulation should result in 
more robust processes developed faster and at a lower 
cost, resulting in higher quality products.23-25 

Identification of critical process parameters (CPPS) and 
critical material attributes (CMAS) and critical quality 
attributes (CQAS) and relationship of critical quality 
attribute (CQAS) to critical process parameters (CPPS) 
and critical material attributes (CMAS) and source of 
variability  

A pharmaceutical manufacturing process usually consists 
of a series of unit operations to produce the desired 
quality product. A unit operation is a discrete activity such 

as mixing, milling, granulation, drying, compression, or 
coating that involves physical or chemical changes. A 
physical, chemical, or microbiological property or 
characteristic of an input or output material is defined as 
a material attribute. Process parameters include the type 
of equipment and equipment settings, operating 
conditions (e.g., time, temperature, pressure, pH, and 
speed), and environmental conditions such as moisture. 
The output of a process depends on the process 
parameters and the input material attributes. Process 
robustness is the ability of a process to demonstrate 
acceptable quality of the product and tolerate variability 
in inputs at the same time. The effects of variations in 
process parameters and input material attributes are 
evaluated in process-robustness studies. The analysis of 
these experiments identifies CPPs and CMAs that could 
affect product quality and establishes limits for these 
CPPs and CMAs within which the quality of drug product 
is assured. When the limits on CPPs and CMAs are scale-
independent, they may form the basis of a design space 
as defined in ICH Q8 (R1). Even when a design space is not 
established, multivariate experiments are valuable 
because they identify CPPs and CMAs and support a 
conclusion of process robustness.  

Process parameters and material attributes are critical 
when a practical change can result in failure for the 
product to meet the QTPP or a CQA that is outside an 
acceptable range. Process parameters are not critical 
when there is no trend to failure and there is no evidence 
of significant interactions within the proven acceptable 
range. It was necessary to conduct process robustness 
studies for each unit operation; The primary reason for 
this claim was that some generic-drug sponsors have 
sufficient prior knowledge to determine whether a 
process parameter or material attribute is critical or not 
and to know when process operating conditions will be 
robust. Process-robustness studies should be risk-based, 
that is, more studies with complex products and fewer 
studies with simple low-risk dosage forms. 

A pharmaceutical manufacturing process is usually 
comprised of a series of unit operations to produce the 
desired product. A unit operation is a discrete activity 
that involves physical changes, such as mixing, milling, 
granulation, drying, compaction, and coating. A physical, 
chemical or microbiological property or characteristic of 
an input or output material is defined as an attribute. 
Process parameters include the type of equipment and 
equipment settings, batch size, operating conditions (e.g., 
time, temperature, pressure, pH, and speed), and 
environmental conditions such as moisture. The quality 
and quantity of drug substance and excipients are 
considered as attributes of raw materials. During process 
development, raw materials, process parameters and 
quality attributes are investigated. The purpose of these 
studies is to determine the critical raw material 
attributes, process parameters and quality attributes for 
each process, and to establish any possible relationships 
among them. Critical quality attributes (CQA) are physical, 
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chemical, biological, or microbiological property or 
characteristic that must be controlled directly or 
indirectly to ensure the quality of the product. Critical 
process parameters (CPP) are process inputs that have a 
direct and significant influence on critical quality 
attributes when they are varied within regular operation 
range. Lists typical tablet manufacturing unit operations, 
process parameters, and quality attributes for solid 
dosage forms. It should be noted that the equipment 
maintenance, operator training, standard operating 
procedure (SOP) related to the specific product 
manufacturing, and facility supporting systems may link 
to product quality directly or indirectly. Therefore, risk 
assessment should be used to reduce variables to be 
investigated. Process robustness is defined as the ability 
of a process to demonstrate acceptable quality and 
performance and tolerate variability in inputs at the same 
time. In process robustness studies, effects of variations 
in process parameters for a candidate process are 
evaluated. The analysis of these experiments identifies 
critical process parameters that could potentially affect 
product quality or performance, and establishes limits for 
the critical process parameters within which the quality of 
drug product is assured. Ideally, data used to identify 
process parameters should be derived from commercial 
scale processes to avoid any potential impact of scale-up.
However, in reality, these studies are often conducted on 
laboratory or pilot-scale batches. If results from the small 
scale batches have not been shown to be size 
independent, any conclusion from small scale studies may 
need to be verified in the actual commercial production 
batches. At the end, the effect of raw material attributes 
and critical process parameters on product quality or 
product variability is fully understood and established. 
Ideally, the interactions between materials attributes and 
critical process parameters should be understood so that 
critical process parameters can be varied to compensate 
for changes in raw materials. To demonstrate the 
reproducibility and consistency of a process, process 
capability should be studied. Process capability is a 
statistical measure of the inherent process variability for a 
given characteristic. The most widely accepted formula 
for process capability is a six sigma. Process capability 
index is the value of the tolerance specified for a 
particular characteristic divided by the process capability, 
which is defined as follows: 

Process capability index (CpK) = Upper limit of 
specification - lower limit of specification / (σ) standard
deviation. 

If the CpK value is significantly greater than one, the 
process is deemed capable. If the process capability is 
low, recommend an iterative five-step procedure to 
progressively reduce the variability of the process. These 
five steps are: 

1. Define: The intended improvement should be clearly 
stated. 

2. Measure: The critical product performance attributes 
should be measured to see if they are out of 
specification. The out of specification data should be 
analyzed and used to the sigma level of the process. 

3. Analyze: When the sigma level is below the target, 
steps should be taken to increase it, starting by 
identifying the most significant causes of the 
excessive variability. 

4. Improve: The process should be redesigned and/or 
process controls should be incorporated to eliminate 
or attenuate the significant root causes of variance.

5. Control: The improved manufacturing process should 
be evaluated and maintained.  

Design of experiments (DOE) is a structured and 
organized method to determine the relationship among 
factors that influence outputs of a process. When DOE is 
applied to pharmaceutical process, factors are the raw 
material attributes (e.g., particle size) and process 
parameters (e.g., speed and time), while outputs are the 
critical quality attributes such as blend uniformity, tablet 
hardness, thickness, and friability. As each unit operation 
has many input and output variables as well as process 
parameters, it is impossible to experimentally investigate 
all of them. Scientists have to use prior knowledge and 
risk management to identify key input and output 
variables and process parameters to be investigated by 
DOE. DOE results can help identify optimal conditions, the 
critical factors that most influence CQAs and those that 
do not, as well as details such as the existence of 
interactions and synergies between factors. Based on the 
acceptable range of CQAs, the design space of CPPs can 
be determined. When considering scale-up, however, 
additional experimental work may be required to confirm 
that the model generated at the small scale is predictive 
at the large scale. This is because some critical process 
parameters are scale dependent while others do not. The 
operating range of scale dependent critical process 
parameters will have to change because of scale-up. Prior 
knowledge can play a very significant role in this regard as 
most pharmaceutical companies use the same 
technologies and excipients on a regular basis. 
Pharmaceutical scientists can often take advantage of 
past experience to define critical material properties, 
processing parameters and their operating ranges. 26-29 

IDENTIFYING CRITICAL QUALITY ATTRIBUTES (CQA) 

Definition ICH Q8 (R1) defines CQAs as physical, chemical, 
biological or microbiological properties or characteristics 
that should be within an appropriate limit, range, or 
distribution to ensure the desired product quality. 

The International Society of Pharmaceutical Engineers 
(ISPE) & Product Quality Lifecycle Implementation (PQLI) 
defines critical quality attributes (CQAs) as physical, 
chemical, biological or microbiological properties or 
characteristics that need to be controlled (directly or 
indirectly) to ensure product quality.  
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CQA has been used by some to describe elements of the 
QTPP (such as dissolution) while others have used CQA to 
describe mechanistic factors (such as particle size and 
hardness) that determine product performance. Thus 
CQA is used to describe both aspects of product 
performance and determinants of product performance.

It was stated that the ICH working definition of CQA was: 
“A CQA is a quality attribute (a physical, chemical, 
biological or microbiological property or characteristic) 
that must be controlled (directly or indirectly) to ensure 
the product meets its intended safety, efficacy, stability 
and performance”. This CQA definition implies that the 
intended safety, efficacy, stability and performance are 
not CQAs. Safety and efficacy clearly fall under the 
domain of the TPP. But if stability and performance are 
not CQA and not part of the TPP, then what are they? We 
are thus compelled to acknowledge that there is an 
intermediate category of product performance (or 
surrogates for quality) that we have defined as the QTPP.

It seems more precise to consider the TPP, QTPP, and 
material attributes as separate categories. The use of CQA 
can be reserved for cases where there is a need to refer 
collectively to the targets of a QbD approach. CQA is 
generally assumed to be an attribute of the final product, 
but it is also possible to indicate a CQA of an intermediate 
or a raw material. 

Although many people have identified dissolution as a 
critical quality attribute, we consider that a set of critical 
material attributes (CMAs) that are independent of each 
other provide specific goals with which to evaluate a 
manufacturing process. For example a dissolution test 
may depend on particle size and hardness. Particle size 
and hardness are CMAs which can be directly linked to 
raw materials and manufacturing process parameters. 
Independent CMAs are the best way to provide a 
mechanistic link of the product quality to the critical 
process parameters in the manufacturing process. At the 
2005 Drug Information Association meeting, Reed 
discussed dissolution in detail and indicated the greater 
value of has very specific CQAs. Others have commented 
negatively that processing behaviour of materials is 
usually evaluated in performance tests (flowability) rather 
than focusing on fundamental material properties.  

Differentiating between CMAs (properties) and multi-
faceted performance tests is part of the movement away 
from quality by testing to quality by design.

The evolution of ICH Q8 is also consistent with making a 
distinction between CMA and performance tests. The 
2004 Q8 draft put CQA and performance tests into the 
same pile of physiochemical and biological properties:  

The physicochemical and biological properties relevant to 
the performance or manufacturability of the drug product 
should be identified and discussed. These could include 
formulation attributes such as pH, osmolarity, ionic 
strength, lipophilicity, dissolution, redispersion, 
reconstitution, particle size distribution, particle shape, 

aggregation, polymorphism, rheological properties, and 
globule size of emulsions, biological activity or potency, 
and/or immunological activity. The TPP would be the 
labelling statement (supported by clinical data) that the 
product does not dose-dump when taken with alcohol. A 
performance test in the QTPP would be an in vitro 
dissolution test in alcohol. The critical material attributes 
(CMA) would be the thickness of a tablet coat. Defining 
the CMAs on this mechanistic physical property level 
makes it the best link to the manufacturing process 
variables.26-27

CRITICAL PROCESS PARAMETERS  

What is a Process Parameter?

Critical process parameter (CPP) is defined as any 
measurable input (input material attribute or operating 
parameter) or output (process state variable or output 
material attribute) of a process step that must be 
controlled to achieve the desired product quality and 
process uniformity. In this view, every item would be a 
process parameter.  

We propose that process parameter be understood as 
referring to the input operating parameters (mixing 
speed, flow rate) and process state variables 
(temperature, pressure) of a process or unit operation. 
Under this definition, the state of a process depends on 
its CPPs and the CMAs of the input materials. Monitoring 
and controlling output material attributes can be a better 
control strategy than monitoring operating parameters 
especially for scale up. For example, a material attribute, 
such as moisture content, should have the same target 
value in the pilot and commercial processes. An operating 
parameter, such as air flow rate, would be expected to 
change as the process scale changes. 

For a given unit operation, there are four categories of 
parameters and attributes 

 Input material attributes  

 Output material attributes 

 Input operating parameters 

 Output process state conditions. 

What is an Unclassified Process Parameter

There are many material attributes and process 
parameters that are important and even essential to 
product quality, but it is of little value to define all 
parameters as critical. 

Thus we propose three categories for attributes or 
parameters:  

1. Unclassified,  

2. Critical and

3. Non-critical

For example, in the granulation process, the impeller 
speed should clearly be identified as an unclassified 
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process parameter because if impeller speed were zero 
the process step would not be successful. However, this 
does not mean that impeller speed is always a critical 
parameter. If development studies demonstrated the 
granulation was not affected by realistic changes in 
impeller speed, it would not be identified as critical.  

What is a Critical Process Parameter

A parameter is Critical when a realistic change in that 
parameter can cause the product to fail to meet the 
QTPP.  

Thus, whether a parameter is critical or not depends on 
how large of a change one is willing to consider.  

A simple example is that an impeller speed of zero will 
always fail. 

Thus the first step in classifying parameters is to define 
the range of interest which we call the potential 
operating space (POS). The POS is the region between the 
maximum and minimum value of interest to the sponsor 
for each process parameter. The POS can also be 
considered as the extent of the sponsor’s quality system 
with respect to these parameters. This definition is at the 
discretion of the application that sponsor must balance 
the trade-offs in its definition. The POS defines the scope
of the application and the sponsor’s quality system so 
that going outside of the POS must need an amendment 
or supplement to the application. Thus sponsors benefit 
from defining a large feasible POS. The cost of a large POS 
is the need for the pharmaceutical development (in the 

form of prior knowledge, process models or experimental 
data) to cover the POS and the increased chance that a 
parameter will be found critical in the large POS. The only 
constraint on the narrowness of the POS is that the POS 
must encompass the variability of the process parameters 
around their target values. 

Our criteria for identifying critical and non-critical 
parameters are that a parameter is Non-critical when 
there is no trend to failure within the POS and there is no 
evidence of interactions within the proven acceptable 
range (PAR)(see explanatory footnote on first page of 
article), which is the range of experimental observations 
that lead to acceptable quality. A sponsor has the option 
of conducting experimental observations over the entire 
POS; in this case the POS could be equivalent to the PAR. 
Alternatively a sponsor may use prior knowledge, 
mechanistic models and trends from the PAR to draw 
conclusions about sensitivity over a POS that is larger 
than the PAR. If the lack of interaction part of the test 
cannot be met, then the parameter remains a UPP.  

A parameter is critical when there is an observation of 
failure or a trend to failure predicted within the POS. If 
the interaction between two parameters is significant 
enough to predict a potential failure in the POS, then both 
parameters should be considered as critical. The most 
definitive way to identify critical and noncritical 
parameters is by scientific investigations involving 
controlled variations of the parameters.

Table 2: Classification of Process Parameters

Parameter Type Definition Sensitivity

Non-Critical Process 

parameter (Non-CPP) 
Not critical

No failure in target product quality profile (TPQP) observed or predicted in the 
(non‐CPP) potential operating space (POS), 

No interactions with other parameters in the proven acceptable range (PAR) 

Unclassified Process

parameter (UPP)

Criticality 

unknown

Not established 

The default in the absence of pharmaceutical development

Critical Process parameter 

(CPP) 

Critical 

(control needed to 

ensure quality 

Failure in target product quality profile (TPQP) observed or predicted in the 
potential operating space (POS), or

Interactions with other parameters in the proven acceptable range (PAR)

Uniqueness of Critical Process Parameters 

Because of the broadness of the CPP definition it is 

possible for two investigators to examine the same 

process and come to a different set of CPP. The set of CPP 

is not unique, but the chosen set must be sufficient to 

ensure product quality. Different sets of CPP can have 

several origins. One is that the definition of operating 

parameters depends on the engineering systems installed 

on a piece of process equipment.

Example, one fluid bed dryer may define the product 

temperature as an operating parameter and have an 

internal control system (a thermostat) that maintains that 

temperature, while another fluid bed dryer may have 

inlet air flow rate and inlet air temperature indicated as 

operating parameters. 

Batch record for the first unit might indicate a fixed 

temperature, while the second unit would have a design 

space that indicated the combination of inlet air flow rate 

and inlet air temperature that would insure the 

appropriate product temperature.30 

RISK ASSESSMENT AND DESIGN SPACE 

Quality Risk Management (ICH Q9) indicates that, the 

manufacturing and use of a drug product necessarily 

entail some degree of risk.  
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Risk assessment is a valuable science based process used 
in science-quality risk management that can aid in 
identifying which material attributes and process 
parameters potentially have an effect on product CQAs.

Risk assessment is typically performed early in the 
pharmaceutical development process and is repeated as 
more information becomes available and greater 
knowledge is obtained. Risk assessment tools can be used 
to identify and rank parameters (e.g., process, 
equipment, input materials) with potential to have an 
impact on product quality, based on prior knowledge and 
initial experimental data.

Use of a risk assessment tool: 

A cross-functional team of experts could work together to 
develop an Ishikawa (fishbone) diagram that identifies 
potential variables which can have an impact on the 
desired quality attribute 

ICH Q8 (R1) defines Design space as, the 

multidimensional combination and interaction of input 

variables (e.g., 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. Movement out of the design space is considered 

to be a change and would normally initiate a regulatory 

post-approval change process.  

Many believe design space and QbD are interchangeable 

terms. This is incorrect. For generic-drug applications, 

design space is optional. QbD can be implemented 

without a design space because product and process 

understanding can be established without a formal design 

space. It should be pointed out that implementation of 

QbD is strongly encouraged by FDA. For some complex 

drug substances or drug products, implementation of 

QbD is considered a required component of the 

application. 

The Design Space is linked to criticality through the results 

of risk assessment, which determines the associated 

CQAs and CPPs. It describes the multivariate functional 

relationships between CQAs and the CPPs that impact 

them, and should include their linkage to or across unit 

operations. Such relationships are arrived at by iterative 

application of risk assessment and experimental design, 

modelling, as well as the use of literature and prior 

experience. The Design Space also contains the proven 

acceptable ranges (PAR) for CPPs and acceptable values 

for their associated CQAs. Normal operating ranges are a 

subset of the Design Space and are managed under the 

company Pharmaceutical quality System. The Design 

Space may also contain operating ranges for process 

parameters classified in the intermediate criticality 

category discussed previously. Information regarding site 

and scale of manufacture may also be included, 

depending on the quality of the process knowledge upon 

which the Design Space is based.  

In the presence of interacting critical process parameters 

a design space is one approach to ensure product quality 

although it is not a check-box requirement. 

The current definition of design space is “The 

multidimensional combination and interaction of input 

variables (e.g., material attributes) and process 

parameters that have been demonstrated to provide 

assurance of quality.” 

This definition evolved from early ICH Q8 drafts where 

design space was defined as “the established range of 

process parameters that has been demonstrated to 

provide assurance of quality”. The change emphasizes the 

multidimensional interaction of input variables and 

closely binds the establishment of a design space to a 

conduct of a DOE that includes interactions among the 

input variables.  

A design space may be constructed for a single unit 

operation, multiple unit operations, or for the entire 

process. 

Submission of a design space to FDA is a pathway 
obtaining the ability to operate within that design space 
without further regulatory approval. 31-35

Scale-Up 

Currently, the mechanistic understanding of 
pharmaceutical unit operations is limited. Scale-up is 
largely based on general rule-of-thumb and trial-and-
error approaches. During scale-up, process parameters 
may vary while material attributes will not. QbD offers 
many more advantages for complex products than for 
simple ones. It was noted that scale-up can be done 
without QbD, but with much higher risk.

Figure 3: Steps to Design Space
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DEFINING CONTROL STRATEGY

ICH Q8 (R1) defines control strategy as:  

A planned set of controls, derived from current product 
and process understanding that ensures process 
performance and product quality.  

The controls can include parameters and attributes 
related to:

 Drug substance, 

 Drug-product materials and components, 

 Facility and equipment operating conditions, 

 In-process controls, 

 Finished-product specifications,

 The associated methods and 

 Frequency of monitoring and control. (ICH Q10)

Specifically, the control strategy may include: 

 Control of input material attributes (e.g., drug 
substance, excipients, and primary packaging 
materials) based on an understanding of their impact 
on process-ability or product quality. 

 Product specifications  

 Practical controls 

 Facility controls, such as utilities, environmental 
systems and operating conditions  

 Controls for unit operations that have an impact on 
downstream processing or end-product quality (e.g. 
the impact of drying on degradation, particle size 
distribution of the granulate on dissolution)  

 A monitoring program (e.g., full product testing at 
regular intervals) for verifying multivariate prediction 
models.  

The Control Strategy should establish the necessary 
controls - based on patient requirements - to be applied 
throughout the whole product lifecycle from product and 
process design through to final product, including API and 
Drug Product manufacture, packaging and distribution.  

Minimal and enhanced approaches  

As in ICH Q8(R), a distinction may be drawn between a 
minimal and an enhanced control strategy approach.  

In a Minimal Control Strategy, drug product quality is 
controlled primarily by intermediate (in process material) 
and end product testing. 

In an Enhanced Control Strategy drug product quality 
ensured by risk-based control strategy for well 
understood product and process, and quality controls are 
shifted upstream, with the possibility of real-time release 
or reduced end-product testing.

Developing the control strategy  

Development of a Control Strategy requires a structured 
process, involving a multi-disciplinary team of experts, 
linking pharmaceutical development to the 
manufacturing process, and engineering controls of 
process equipment.  

The PQLI Control Strategy Team has proposed a Control 
Strategy Model that facilitates understanding and that 
may be used a cross-functional communication tool.  

Personnel at all levels should be able to understand the 
way control strategy links from CQAs to operational 
aspects to ensure, for example that:  

 Chemists understand in-process controls are 
established to keep the process inside the design 
space and seek opportunities for simplification of 
controls, as knowledge is gained.  

 Engineers know how equipment operating conditions 
impact product quality. 

 Quality Assurance professionals know where the 
highest risks are in the process.  

Although the primary driver for development of a control 
strategy will be assurance of product safety, efficacy and 
quality, the Control Strategy may also ensure the meeting 
of other business objectives such as operator health and 
safety, protection of the environment, manufacturability, 
and supplies related issues, efficiency, and profitability. 
Development of a Control Strategy for a product will 
therefore be a structured activity involving a multi-
disciplinary team of experts. This team may include 
representatives from formulation development, drug 
substance development, process development, analytical 
development, QC, QA, Regulatory Affairs, manufacturing, 
engineering, and specialists in Process Analytical 
Technology (PAT) and chemo-metrics.  

A Control Strategy and a product release strategy are not 
the same, but demonstration of adherence to the Control 
Strategy would support the product or batch release 
strategy.  

Control of input material attributes  

Variability in the manufacturing processes may be caused 
by variability in the drug substance and raw materials and 
their attributes, when linked to a CQA. The impact of not 
only chemical but also physical material attributes and 
their variability need to be understood. For example, for 
an oral solid dosage product, impact of factors such as 
participle size distribution, particle shape distribution, 
density, surface area, surface energy, flow, cohesiveness, 
friction, elastic modulus, amorphous content, 
compactibility, hygroscopicity, solubility, and static charge 
should be assessed. A linkage between the product CQAs 
and the input material attributes should enable 
identification and understanding of the most critical 
material attributes and their impact on the product CQAs. 
Controlling the variability of input materials can be 
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managed in different ways, e.g. by functional 
specifications (not necessary in concurrence with 
compendia specifications) or by managing the variability 
directly in the process using closed loop controls. One 
example is raw materials affected by seasonal variations 
in the moisture level and used in a moisture critical blend. 
By applying PAT tools such as NIR (Near Infrared) 
spectroscopy, drying can be monitored on-line and the 
drying process controlled to the end-point with a closed 
feed-backward control loop in place. In many cases the 
variability in a material input can be managed by 
operating the process conditions differently within the 
Design Space. Other input materials such as packaging 
material should be studied during development to 
identify and understand which material attributes impact 
the manufacturing process and final product CQAs.  

Real‐time testing / In-process controls  

Real time testing is needed to base the release the 
product on product and process understanding rather 
than on end product testing alone or on result of batch 
analysis. 

Real time testing include all controls that need to be 
performed during processing, including control of Critical 
Process Parameters, in-process material attributes and 
components, as well as equipment and facility 
parameters that must be monitored or controlled to 
achieve the product CQAs. 

Controlling the Critical Process Parameters during 
processing is important as they have a direct impact on 
the CQAs, but other parameters, that have an impact on 
downstream processing or other end-product quality 
attributes not already covered by a CQA, should be 
monitored or controlled as well. Which parameters to 
monitor or control is the outcome of Quality Risk 
Management (QRM) activities aimed at mitigating the 
risks arising during manufacturing.  

In-process controls could include 

 conventional sampling and 

  At-line analysis or On-line or in-line univariate 
sensors or multivariate probes (typical spectroscopy)

They may be manual or automated, depending on the 
nature of the process itself, what needs to be measured 
and controlled, how often, scale, process time, and the 
nature of the manufacturing equipment. 36-37

Control strategy and the product lifecycle 

The Control Strategy is related to the level of process 
understanding at a given time, and evolves as 
manufacturing experience increases.

The originally specified measures, controls or models may 
be modified or even removed, or the need for additional 
controls may be identified.  

Other revisions to the Control Strategy may relate to 
continual improvement, for example the introduction of 
improved analyser or control technology.  

Periodic reviews of risk assessments and mitigation 
should be conducted to determine the appropriateness of 
the Control Strategy based on product manufacturing 
history. 

Failure or deviations should be investigated and the 
effectiveness of the control system considered in relation 
to the identified root cause. 

Corrective and preventive actions should be applied and 
the Control Strategy updated as necessary (including any 
regulatory actions required) in the light of new product 
and process knowledge. 

Implementing PAT in the Control Strategy will require the 
application of process models (multivariate prediction 
models) that either predicts CQAs or CPPs or a 
combination of both. These models may require frequent 
updates, depending on the maturity of the model (e.g., 
the amount of data and their variability within the 
model), as well as the kind of data that has been included 
to reflect variability in scale, equipment, analytical set-up, 
sampling, and site. 

A monitoring program for verifying the validity of process 
models should be established and be based on a risk 
analysis of the model itself and include possible ways to 
verify the model by other means. One example would be 
to compare the predicted CQA value to a conventional 
analytical method. The monitoring program should 
include requirements for when a model has to be 
updated (e.g. change of raw material supplier or 
deviations resulting in increased knowledge).

Continuous Improvement 

“Continuous improvement is an essential element in a 
modern quality system that aims at improving efficiency 
by optimizing a process and eliminating wasted efforts in 
production. These efforts are primarily directed towards 
reducing variability in process and product quality 
characteristics.” 

QbD focuses on building quality into the product and 
manufacturing processes, as well as continuous process 
improvement – reduction of variability.  

The backbone for Continuous Improvement is the 
Pharmaceutical Quality System. PQS should facilitate 
continual improvement and help to: “Identify and 
implement appropriate product quality improvements, 
process improvements, variability reduction, innovations 
and pharmaceutical quality system enhancements, 
thereby increasing the ability to fulfil quality needs 
consistently.  

Quality risk management can be useful for identifying and 
prioritizing areas for continual improvement. “Continuous 
improvement is not the same as corrective actions 
preventative actions (CAPA). CAPA’s occur when product 
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quality characteristics are in question (e.g., out of 
specification). For continuous improvement efforts, 
products should already be in compliance with their 
specifications and process improvement steps should be 
within the original "design space” 

Examples of Continuous Improvement include adjusting a 
set point of a process, advanced control techniques, new 
equipment of the same design, re-designing a process 
step, changing a working process, LEAN initiatives, 
simplifying documents, automatic a process, installing on-
line measurements, removing a unit operation, changing 
the design space and updating the Control Strategy. 38

“Continuous Improvement is Hallmark of QbD”. 
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Abstract. This review further clarifies the concept of pharmaceutical quality by design (QbD) and describes
its objectives. QbD elements include the following: (1) a quality target product profile (QTPP) that identifies
the critical quality attributes (CQAs) of the drug product; (2) product design and understanding including
identification of critical material attributes (CMAs); (3) process design and understanding including
identification of critical process parameters (CPPs), linking CMAs and CPPs to CQAs; (4) a control strategy
that includes specifications for the drug substance(s), excipient(s), and drug product as well as controls for
each step of themanufacturing process; and (5) process capability and continual improvement.QbD tools and
studies include prior knowledge, risk assessment, mechanistic models, design of experiments (DoE) and data
analysis, and process analytical technology (PAT). As the pharmaceutical industry moves toward the
implementation of pharmaceutical QbD, a common terminology, understanding of concepts and expectations
are necessary. This understanding will facilitate better communication between those involved in risk-based
drug development and drug application review.

KEY WORDS: control strategy; critical quality attributes; pharmaceutical quality by design; process
understanding; product understanding.

INTRODUCTION

Quality by design (QbD) is a concept first developed by the
quality pioneer Dr. JosephM. Juran (1). Dr. Juran believed that
quality should be designed into a product, and that most quality
crises and problems relate to the way in which a product was
designed in the first place. Woodcock (2) defined a high-quality
drug product as a product free of contamination and reliably
delivering the therapeutic benefit promised in the label to the
consumer. The US Food and Drug Administration (FDA)
encourages risk-based approaches and the adoption of QbD
principles in drug product development, manufacturing, and
regulation. FDA’s emphasis onQbD began with the recognition
that increased testing does not necessarily improve product
quality. Quality must be built into the product.

Over the years, pharmaceutical QbD has evolved with the
issuance of ICH Q8 (R2) (Pharmaceutical Development), ICH
Q9 (Quality RiskManagement), and ICHQ10 (Pharmaceutical
Quality System) (3–5). In addition, the ICH Q1WG on Q8, Q9,
andQ10Questions and Answers; the ICHQ8/Q9/Q10 Points to

Consider document; and ICH Q11 (Development and Manu-
facture of Drug Substance) have been issued, as have the
conclusions of FDA-EMA’s parallel assessment of Quality-By-
Design elements of marketing applications (6–9). These docu-
ments provide high level directions with respect to the scope and
definition of QbD as it applies to the pharmaceutical industry.

Nonetheless, many implementation details are not
discussed in these guidances or documents. There is confusion
among industry scientists, academicians, and regulators despite
recent publications (10–13). This paper is intended to describe
the objectives of pharmaceutical QbD, detail its concept and
elements, and explain implementation tools and studies.

PHARMACEUTICAL QUALITY BY DESIGN
OBJECTIVES

Pharmaceutical QbD is a systematic approach to devel-
opment that begins with predefined objectives and empha-
sizes product and process understanding and control based on
sound science and quality risk management (3). The goals of
pharmaceutical QbD may include the following:

1. To achieve meaningful product quality specifications
that are based on clinical performance

2. To increase process capability and reduce product
variability and defects by enhancing product and
process design, understanding, and control

3. To increase product development and manufacturing
efficiencies

4. To enhance root cause analysis and postapproval
change management
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Under QbD, these goals can often be achieved by
linking product quality to the desired clinical performance
and then designing a robust formulation and manufactur-
ing process to consistently deliver the desired product
quality.

Since the initiation of pharmaceutical QbD, the FDA
has made significant progress in achieving the first
objective: performance-based quality specifications. Some
examples of FDA policies include tablet scoring and bead
sizes in capsules labeled for sprinkle (14,15). The recent
FDA discussions on the assayed potency limits for narrow
therapeutic index drugs and physical attributes of generic
drug products reflect this trend (16). Nonetheless, it
should be recognized that ICH documents (3–9) did not
explicitly acknowledge clinical performance-based specifi-
cations as a QbD goal, although this was recognized in a
recent scientific paper (10).

The second objective of pharmaceutical QbD is to
increase process capability and reduce product variability
that often leads to product defects, rejections, and recalls.
Achieving this objective requires robustly designed prod-
uct and process. In addition, an improved product and
process understanding can facilitate the identification and
control of factors influencing the drug product quality.
After regulatory approval, effort should continue to
improve the process to reduce product variability, defects,
rejections, and recalls.

QbD uses a systematic approach to product design and
development. As such, it enhances development capability,
speed, and formulation design. Furthermore, it transfers
resources from a downstream corrective mode to an
upstream proactive mode. It enhances the manufacturer’s
ability to identify the root causes of manufacturing
failures. Hence, increasing product development and
manufacturing efficiencies is the third objective of phar-
maceutical QbD.

The final objective of QbD is to enhance root cause
analysis and postapproval change management. Without good
product and process understanding, the ability to efficiently
scale-up and conduct root cause analysis is limited and
requires the generation of additional data sets on the
proposed larger scale. FDA’s change guidances (17,18)
provide a framework for postapproval changes. Recently,
the FDA issued a guidance intended to reduce the regulatory
filing requirements for specific low-risk chemistry,
manufacturing, and control (CMC) postapproval manufactur-
ing changes (19).

ELEMENTS OF PHARMACEUTICAL QUALITY
BY DESIGN

In a pharmaceutical QbD approach to product develop-
ment, an applicant identifies characteristics that are critical to
quality from the patient’s perspective, translates them into the
drug product critical quality attributes (CQAs), and estab-
lishes the relationship between formulation/manufacturing
variables and CQAs to consistently deliver a drug product
with such CQAs to the patient. QbD consists of the following
elements:

1. A quality target product profile (QTPP) that identifies
the critical quality attributes (CQAs) of the drug
product

2. Product design and understanding including the
identification of critical material attributes (CMAs)

3. Process design and understanding including the iden-
tification of critical process parameters (CPPs) and a
thorough understanding of scale-up principles, linking
CMAs and CPPs to CQAs

4. A control strategy that includes specifications for the
drug substance(s), excipient(s), and drug product as
well as controls for each step of the manufacturing
process

5. Process capability and continual improvement

Quality Target Product Profile that Identifies the Critical
Quality Attributes of the Drug Product

QTPP is a prospective summary of the quality charac-
teristics of a drug product that ideally will be achieved to
ensure the desired quality, taking into account safety and
efficacy of the drug product. QTPP forms the basis of design
for the development of the product. Considerations for
inclusion in the QTPP could include the following (3):

& Intended use in a clinical setting, route of adminis-
tration, dosage form, and delivery system(s)

& Dosage strength(s)
& Container closure system
& Therapeutic moiety release or delivery and attributes
affecting pharmacokinetic characteristics (e.g., disso-
lution and aerodynamic performance) appropriate to
the drug product dosage form being developed

& Drug product quality criteria (e.g., sterility, purity,
stability, and drug release) appropriate for the
intended marketed product

Identification of the CQAs of the drug product is the
next step in drug product development. A CQA is a
physical, chemical, biological, or microbiological property
or characteristic of an output material including finished
drug product that should be within an appropriate limit,
range, or distribution to ensure the desired product
quality (3). The quality attributes of a drug product may
include identity, assay, content uniformity, degradation
products, residual solvents, drug release or dissolution,
moisture content, microbial limits, and physical attributes
such as color, shape, size, odor, score configuration, and
friability. These attributes can be critical or not critical.
Criticality of an attribute is primarily based upon the
severity of harm to the patient should the product fall
outside the acceptable range for that attribute. Probability
of occurrence, detectability, or controllability does not
impact criticality of an attribute.

It seems obvious that a new product should be ade-
quately defined before any development work commences.
However, over the years, the value of predefining the target
characteristics of the drug product is often underestimated.
Consequently, the lack of a well-defined QTPP has resulted in
wasted time and valuable resources. A recent paper by Raw
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et al. (12) illustrates the significance of defining the correct
QTPP before conducting any development. Also, QbD exam-
ples exemplify the identification and use of QTPPs (20–22).

Product Design and Understanding

Over the years, QbD’s focus has been on the process
design, understanding, and control, as discussed in the ICH
Q8 (R2) guidance (3). It should be emphasized that product
design, understanding, and control are equally important.
Product design determines whether the product is able to
meet patients’ needs, which is confirmed with clinical studies.
Product design also determines whether the product is able to
maintain its performance through its shelf life, which is
confirmed with stability studies. This type of product under-
standing could have prevented some historical stability
failures.

The key objective of product design and understanding is
to develop a robust product that can deliver the desired
QTPP over the product shelf life. Product design is open-
ended and may allow for many design pathways. Key
elements of product design and understanding include the
following:

& Physical, chemical, and biological characterization of
the drug substance(s)

& Identification and selection of excipient type and
grade, and knowledge of intrinsic excipient variability

& Interactions of drug and excipients
& Optimization of formulation and identification of
CMAs of both excipients and drug substance

To design and develop a robust drug product that has the
intended CQAs, a product development scientist must give
serious consideration to the physical, chemical, and biological
properties of the drug substance. Physical properties include
physical description (particle size distribution and particle
morphology), polymorphism and form transformation, aqueous
solubility as a function of pH, intrinsic dissolution rate,
hygroscopicity, and melting point(s). Pharmaceutical solid
polymorphism, for example, has received much attention
recently since it can impact solubility, dissolution, stability, and
manufacturability. Chemical properties include pKa, chemical
stability in solid state and in solution, as well as photolytic and
oxidative stability. Biological properties include partition coef-
ficient, membrane permeability, and bioavailability.

Pharmaceutical excipients are components of a drug
product other than the active pharmaceutical ingredient.
Excipients can (1) aid in the processing of the dosage
form during its manufacture; (2) protect, support, or
enhance stability, bioavailability, or patient acceptability;
(3) assist in product identification; or (4) enhance any
other attribute of the overall safety, effectiveness, or
delivery of the drug during storage or use (23). They
are classified by the functions they perform in a pharma-
ceutical dosage form. Among 42 functional excipient
categories listed in USP/NF (24), commonly used excipi-
ents include binders, disintegrants, fillers (diluents), lubri-
cants, glidants (flow enhancers), compression aids, colors,
sweeteners, preservatives, suspending/dispersing agents,
pH modifiers/buffers, tonicity agents, film formers/coatings,
flavors, and printing inks. The FDA’s inactive ingredients

database (25) lists the safety limits of excipients based on
prior use in FDA-approved drug products.

It is well recognized that excipients can be a major
source of variability. Despite the fact that excipients can alter
the stability, manufacturability, and bioavailability of drug
products, the general principles of excipient selection are not
well-defined, and excipients are often selected ad hoc without
systematic drug-excipient compatibility testing. To avoid
costly material wastage and time delays, ICH Q8 (R2)
recommends drug-excipient compatibility studies to facilitate
the early prediction of compatibility (3). Systematic drug-
excipient compatibility studies offer several advantages as
follows: minimizing unexpected stability failures which usual-
ly lead to increased development time and cost, maximizing
the stability of a formulation and hence the shelf life of the
drug product, and enhancing the understanding of drug-
excipient interactions that can help with root cause analysis
should stability problems occur.

Formulation optimization studies are essential in developing a
robust formulation that is not on the edge of failure. Without
optimization studies, a formulation is more likely to be high risk
because it is unknownwhether any changes in the formulation itself
or in the raw material properties would significantly impact the
quality and performance of the drug product, as shown in recent
examples (26,27). Formulation optimization studies provide impor-
tant information on the following:

& Robustness of the formulation including establishing
functional relationships between CQAs and CMAs

& Identification of CMAs of drug substance, excipients,
and in-process materials

& Development of control strategies for drug substance
and excipients

In a QbD approach, it is not the number of optimization
studies conducted but rather the relevance of the studies and
the utility of the knowledge gained for designing a quality
drug product that is paramount. As such, the QbD does not
equal design of experiments (DoE), but the latter could be an
important component of QbD.

Drug substance, excipients, and in-process materials may
have many CMAs. A CMA is a physical, chemical, biological,
or microbiological property or characteristic of an input
material that should be within an appropriate limit, range,
or distribution to ensure the desired quality of that drug
substance, excipient, or in-process material. For the purpose
of this paper, CMAs are considered different from CQAs in
that CQAs are for output materials including product
intermediates and finished drug product while CMAs are for
input materials including drug substance and excipients. The
CQA of an intermediate may become a CMA of that same
intermediate for a downstream manufacturing step.

Since there are many attributes of the drug substance
and excipients that could potentially impact the CQAs of the
intermediates and finished drug product, it is unrealistic that a
formulation scientist investigate all the identified material
attributes during the formulation optimization studies. There-
fore, a risk assessment would be valuable in prioritizing which
material attributes warrant further study. The assessment
should leverage common scientific knowledge and the
formulator’s expertise. A material attribute is critical when a
realistic change in that material attribute can have a

773Understanding Pharmaceutical Quality by Design



Table I. Typical Input Material Attributes, Process Parameters, and Quality Attributes of Pharmaceutical Unit Operations

Pharmaceutical unit operation

Input material attributes Process parameters Quality attributes

Blending/mixing
• Particle size
• Particle size distribution
• Fines/oversize
• Particle shape
• Bulk/tapped/true density
• Cohesive/adhesive properties
• Electrostatic properties
• Moisture content

• Type and geometry of mixer
• Mixer load level
• Order of addition
• Number of revolutions (time and speed)
• Agitating bar (on/off pattern)
• Discharge method
• Holding time
• Environment temperature and RH

• Blend uniformity
• Potency
• Particle size
• Particle size distribution
• Bulk/tapped/true density
• Moisture content
• Flow properties
• Cohesive/adhesive properties
• Powder segregation
• Electrostatic properties

Size reduction/comminution
• Particle/granule size
• Particle/granule size

distribution
• Fines
• Particle/granule shape
• Bulk/tapped/true density
• Adhesive properties
• Electrostatic properties
• Hardness/plasticity
• Viscoelasticity
• Brittleness
• Elasticity
• Solid form/polymorph
• Moisture content
• Granule porosity/density

Ribbon milling
• Ribbon dimensions
• Ribbon density
• Ribbon porosity/solid fraction

Impact/cutting/screening mills
• Mill type
• Speed
• Blade configuration, type, orientation
• Screen size and type
• Feeding rate

Fluid energy mill
• Number of grinding nozzles
• Feed rate
• Nozzle pressure
• Classifier

Granule/ribbon milling
• Mill type
• Speed
• Blade configuration, type, orientation
• Screen size and type
• Feeding rate

• Particle/granule size
• Particle/granule size distribution
• Particle/granule shape
• Particle/granule shape factor

(e.g., aspect ratio)
• Particle/granule density/Porosity
• Bulk/tapped/true density
• Flow properties
• API polymorphic form
• API crystalline morphology
• Cohesive/adhesive properties
• Electrostatic properties
• Hardness/Plasticity
• Viscoelasticity
• Brittleness
• Elasticity

Wet granulation
• Particle size distribution
• Fines/Oversize
• Particle shape
• Bulk/tapped/true density
• Cohesive/adhesive properties
• Electrostatic properties
• Hardness/plasticity
• Viscoelasticity
• Brittleness
• Elasticity
• Solid form/polymorph
• Moisture content

High/low shear granulation
• Type of granulator (High/low shear, top/bottom drive)
• Fill level
• Pregranulation mix time
• Granulating liquid or solvent quantity
• Impeller speed, tip speed, configuration, location, power

consumption/torque
• Chopper speed, configuration, location, power consumption
• Spray nozzle type and location
• Method of binder excipient addition (dry/wet)
• Method of granulating liquid addition (spray or pump)
• granulating liquid temperature
• granulating liquid addition rate and time
• Wet massing time (post-granulation mix time)
• Bowl temperature(jacket temperature)
• Product temperature
• Post mixing time
• Pump Type: Peristaltic, Gear type
• Granulating liquid vessel (e.g., pressurized, heated)

Fluid bed granulation
• Type of fluid bed
• Inlet air distribution plate
• Spray nozzle (tip size, type/quantity/ pattern/configuration/position)
• Filter type and orifice size

• Endpoint measurement
(e.g., power consumption, torque,
etc.)

• Blend uniformity
• Potency
• Flow
• Moisture content
• Particle size and distribution
• Granule size and distribution
• Granule strength and uniformity
• Bulk/tapped/true density
• API polymorphic form
• Cohesive/adhesive properties
• Electrostatic properties
• Granule brittleness
• Granule elasticity
• Solid form/polymorph
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Table I. (continued)

Pharmaceutical unit operation

Input material attributes Process parameters Quality attributes

• Fill level
• Bottom screen size and type
• Preheating temperature/time
• Method of binder excipient addition (dry/wet)
• Granulating liquid temperature
• Granulating liquid quantity
• Granulating liquid concentration/viscosity
• Granulating liquid holding time
• Granulating liquid delivery method
• Granulating liquid spray rate
• Inlet air, volume, temperature, dew point
• Atomization air pressure
• Product and filter pressure differentials
• Product temperature
• Exhaust air temperature, flow
• Filter shaking interval and duration

Drying
• Particle size, distribution
• Fines/oversize
• Particle shape
• Cohesive/adhesive properties
• Electrostatic properties
• Hardness/plasticity
• Viscoelasticity
• Brittleness
• Elasticity
• Solid form/polymorph
• Moisture content

Fluidized bed
• Inlet air volume, temperature, dew point
• Product temperature
• Exhaust air temperature, flow
• Filter type and orifice size
• Shaking interval and duration
• Total drying time

Tray
• Type of tray dryer
• Bed thickness/tray depth (depth of product per tray)
• Type of drying tray liner (e.g., paper, plastic,

synthetic fiber, etc.)
• Quantity carts and trays per chamber
• Quantity of product per tray
• Drying time and temperature
• Air flow
• Inlet dew point

Vacuum/microwave
• Jacket temperature
• Condenser temperature
• Impeller speed
• Bleed air volume
• Vacuum pressure
• Microwave power
• Electric field
• Energy supplied
• Product temperature
• Bowl and lid temperature
• Total drying time

• Granule size and distribution
• Granule strength, uniformity
• Flow
• Bulk/tapped/true density
• Moisture content
• Residual solvents
• API polymorphic form or transition
• Purity profile
• Moisture profi le (e.g. product

temperature vs. LOD)
• Potency
• Cohesive/adhesive properties
• Electrostatic properties

Roller compaction/chilsonation
• Particle size, distribution
• Fines/oversize
• Particle shape
• Cohesive/adhesiveproperties
• Electrostatic properties
• Hardness/plasticity
• Bulk/tapped/true density
• Viscoelasticity
• Brittleness
• Elasticity

• Type of roller compactor
• Auger (feed screw) type/design (horizontal,

vertical or angular)
• Deaeration (e.g., vacuum)
• Auger (feed screw) speed
• Roll shape (cylindrical or interlocking).
• Roll surface design (smooth, knurled, serrated,

or pocketed)
• Roll gap width (e.g., flexible or fixed)
• Roll speed
• Roll pressure

• Ribbon appearance (edge attrition,
splitting, lamination, color, etc.)

• Ribbon thickness
• Ribbon density (e.g. , envelop

density)
• Ribbon porosity/solid fraction
• Ribbon tensile strength/breaking

force
• Throughput rate
• APIpolymorphic formand transition
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Table I. (continued)

Pharmaceutical unit operation

Input material attributes Process parameters Quality attributes

• Solid form/polymorph • Roller temperature
• Fines recycled (yes or no, # of cycles)

Extrusion–Spheronization
• Particle size, distribution
• Fines/oversize
• Particle shape
• Cohesive/adhesiveproperties
• Electrostatic properties
• Hardness/plasticity
• Bulk/tapped/truedensity
• Viscoelasticity
• Brittleness
• Elasticity
• Solid form/polymorph

• Type of extruder (screw or basket)
• Screw length, pitch, and diameter
• Screw channel depth
• Screw blade configuration
• Number of screws (single/dual)
• Die or screen configuration (e.g., radial or axial)
• Die length/diameter ratio
• Roll diameter (mm)
• Screen opening diameter (mm)
• Screw speed (rpm)
• Feeding rate (g/min)
• Type and scale of spheronizer
• Spheronizer load level
• Plate geometry and speed
• Plate groove design (spacing and pattern)
• Air flow
• Residence time

• Extrudate
• Density
• Length/thickness/diameter
• Moisture content
• API polymorphic form and transition
• Content uniformity
• Throughput

• Pellets after spheronization
• Pellets size and distribution
• Pellets shape factor (e.g. aspect

ratio)
• Bulk/Tapped density
• Flow properties
• Brittleness
• Elasticity
• Mechanical strength
• Friability

Hot melt extrusion
• Particle size, distribution
• Fines/oversize
• Particle shape
• Melting point
• Density
• Solid form/polymorph
• Moisture content

• Screw design (twin/single)
• Screw speed
• Screw opening diameter (mm)
• Solid and liquid feed rates
• Feeder type/design
• Feed rate
• No. of zones
• Zone temperatures
• Chilling rate

• Extrudate density
• Length/thickness/diameter
• Polymorphic form and transition
• Content uniformity
• Throughput

Tabletting
• Particle/granule size

and distribution
• Fines/oversize
• Particle/granule shape
• Cohesive/adhesive

properties
• Electrostatic properties
• Hardness/plasticity
• Bulk/tapped/true density
• Viscoelasticity
• Brittleness
• Elasticity
• Solid form/polymorph
• Moisture

• Type of press (model, geometry, number of stations)
• Hopper design, height, angle, vibration
• Feeder mechanism (gravity/forced feed, shape of wheels,

direction of rotation, number of bars)
• Feed frame type and speed
• Feeder fill depth
• Tooling design (e.g., dimension, score configuration,

quality of the metal)
• Maximum punch load
• Press speed/dwell time
• Precompression force
• Main compression force
• Punch penetration depth
• Ejection force
• Dwell Time

• Tablet appearance
• Tablet weight
• Weight uniformity
• Content uniformity
• Hardness/tablet breaking force/

tensile strength
• Thickness/dimensions
• Tablet porosity/density/solid fraction
• Friability
• Tablet defects
• Moisture content
• Disintegration
• Dissolution

Encapsulation
• Particle/granule size and

distribution
• Fines/oversize
• Particle/granule shape
• Cohesive/adhesiveproperties
• Electrostatic properties
• Hardness/plasticity
• Bulk/tapped/true density
• Viscoelasticity
• Brittleness

• Machine type
• Machine fill speed
• Tamping Force
• No. of tamps
• Auger screw design/speed
• Powder bed height

• Capsule appearance
• Weight
• Weight uniformity
• Content uniformity
• Moisture content
• Slug tensile strength
• Disintegration
• Dissolution
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• Elasticity
• Solid form/polymorph
• Moisture

Pan coating
• Tablet dimensions
• Tablet defects
• Hardness/plasticity
• Density
• Porosity
• Moisture content

• Type of pan coater (conventional or side-vented)
• Pan (fully perforated or partial perforated)
• Baffle (design, number, location)
• Pan load level
• Pan rotation speed
• Spray nozzle (type, quantity, pattern, configuration,

spray pattern)
• Nozzle to bed distance
• Distance between nozzles
• Nozzle orientation
• Total preheating time
• Inlet air flow rate, volume, temperature, dew point
• Product temperature
• Individual nozzle spray rate
• Total spray rate
• Atomization air pressure
• Pattern air pressure
• Exhaust air temperature, air flow
• Total coating, curing time and drying time

• Coating efficiency
• Core tablet weight before and after

preheating
• Moisture (gain/loss) during

preheating
• Environmental equivalency factor
• Coated drug product (e.g., tablet or

capsule) appearance
• % weight gain
• Film thickness
• Coating (polymer and /or color)

uniformity
• Hardness/breaking force/Tensile

strength
• Friability
• Moisture (gain/loss) during overall

process
• Residual solvent(s)
• Disintegration
• Dissolution
• Tablet defects
• Visual attributes

Fluid bed coating
• Tablet dimensions
• Tablet defects
• Hardness/plasticity
• Density/porosity

moisture content

• Type of fluid bed coater
• Fluid bed load level
• Partition column diameter
• Partition column height
• Number of partition columns
• Air distribution plate type and size
• Filter type and orifice size
• Filter differential pressure
• Filter shaking interval and duration
• Spray nozzle (type, quantity, pattern, configuration)
• Nozzle port size
• Total preheating time
• Spray rate per nozzle
• Total spray rate
• Atomization air pressure
• Inlet air flow rate, volume, temperature, dew point
• Product temperature
• Exhaust air temperature, air flow
• Total coating, curing and drying time

• Coating efficiency
• Core tablet weight before and after

preheating
• Moisture (gain/loss) during

preheating
• Environmental equivalency factor
• Coated drug product (e.g., tablet or

capsule) appearance
• % weight gain
• Film thickness
• Coating (polymer and /or color)

uniformity
• Hardness/breaking force/tensile

strength
• Friability
• Moisture (gain/loss) during overall

process
• Residual solvent(s)
• Disintegration
• Dissolution
• Tablet defects
• Visual attributes

Laser drilling
• Size/dimensions
• Polymer type

membrane thickness

• Conveyor type
• Conveyor speed
• Laser power
• Number of pulses
• Type(s) of lens(es)
• One or two sided
• Number of holes

• Opening diameter (internal and
external)

• Depth
• Shape of the opening

Table I. (continued)

Pharmaceutical unit operation

Input material attributes Process parameters Quality attributes
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significant impact on the quality of the output material.
Product understanding includes the ability to link input
CMAs to output CQAs. The steps taken to gain product
understanding may include the following:

1. Identify all possible known input material attributes
that could impact the performance of the product

2. Use risk assessment and scientific knowledge to
identify potentially high risk attributes

3. Establish levels or ranges of these potentially high-risk
material attributes

4. Design and conduct experiments, using DoE when
appropriate

5. Analyze the experimental data and, when possible, apply
first principle models to determine if an attribute is critical

6. Develop a control strategy. For critical material
attributes, define acceptable ranges. For noncritical
material attributes, the acceptable range is the range
investigated. When more than one excipient is in-
volved, these defined acceptable ranges may be
termed formulation design space

Process Design and Understanding

A pharmaceutical manufacturing process usually consists
of a series of unit operations to produce the desired quality
product. Unit operations may be executed in batch mode or in a
continuousmanufacturing process. A unit operation is a discrete
activity that involves physical or chemical changes, such as
mixing, milling, granulation, drying, compression, and coating.
A process is generally considered well-understood when (1) all
critical sources of variability are identified and explained, (2)
variability is managed by the process, and (3) product quality
attributes can be accurately and reliably predicted (28).

Process parameters are referred to as the input operating
parameters (e.g., speed and flow rate) or process state variables
(e.g., temperature and pressure) of a process step or unit operation.
A process parameter is critical when its variability has an impact on
a critical quality attribute and therefore should be monitored or
controlled to ensure the process produces the desired quality.
Under this definition, the state of a process depends on its CPPs
and the CMAs of the input materials. Table I lists the typical
manufacturing unit operations, material attributes, process param-
eters, and quality attributes for solid oral dosage forms.

Process robustness is the ability of a process to deliver
acceptable drug product quality and performance while tolerating
variability in the process and material inputs (29). The effects of
variations in process parameters and material attributes are
investigated in process robustness studies. The analysis of these
experiments identifies CPPs that could affect drug product quality
and establishes limits for these CPPs (and CMAs) within which
the quality of drug product is assured. The relationship between
input CMAs and CPPs and output CQAs is shown in Fig. 1.

Steps to establish process understanding are very similar
to those of product understanding and include the following:

1. Identify all possible known process parameters that
could impact the performance of the process

2. Use risk assessment and scientific knowledge to
identify potentially high-risk parameters

3. Establish levels or ranges of these potentially high-risk
parameters

4. Design and conduct experiments, using DoE when
appropriate

5. Analyze the experimental data and, when possible,
determine scalability and apply first principle models
to determine if a process parameter is critical. Link
CMAs and CPPs to CQAs when possible.

6. Develop a control strategy. For critical parameters,
define acceptable ranges. For noncritical parameters,
the acceptable range is the range investigated. When
more than one process parameter or material attribute
is involved, these defined acceptable ranges may be
termed process design space

While developing a strategy for investigating both
product design and understanding and process design and
understanding, studies can be designed in such a way that
both the objectives of product and process understanding are
achieved simultaneously. In addition, an interactive (or
interdependent) relationship among material attributes, pro-
cess parameters, and product attributes can be more easily
developed when such analyses are performed in carefully
planned and designed experimental studies.

ICH Q8 (R2) defines design space as the multidimen-
sional combination and interaction of input variables (e.g.,
material attributes) and process parameters that have been
demonstrated to provide assurance of quality (3). Parameter
movements that occur within the design space are not
subjected to regulatory notification. However, movement
out of the design space is considered to be a change and
would normally initiate a regulatory postapproval change
process. Design space is proposed by the applicant and is
subject to regulatory assessment and approval. Thus, design
space is the direct outcome of analysis of the DoE data or
validated models such as first-principle models.

Design space may be scale and equipment dependent.
Therefore, the design space determined at laboratory scale
may need to be justified for use at commercial scale.
Approaches for justification may include geometric consider-
ations, kinematic considerations, heat and mass transfer, or
dimensionless numbers as well as continual verification
during commercial manufacturing. Justification is needed
because the mechanistic understanding of pharmaceutical
unit operations may be limited and scale-up is largely based
on general rule of thumb and trial-and-error approaches;
however, when mechanistic understanding or reliable

Pharmaceutical 
Unit 

OperationInput 
Materials

Output 
Materials or
Product

CPPs

CMAs CQAs

CQAs = f (CPP1, CPP2 , CPP3 …CMA1, CMA2, CMA3…)
Fig. 1. Link input critical material attributes (CMAs) and critical
process parameters (CPPs) to output critical quality attributes
(CQAs) for a unit operation
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empirical models (i.e., extensive process understanding)
exists, then the design space can be translated across scale.

Pharmaceutical products are frequently manufactured by
a combination of unit operations. For example, tablets
prepared by direct compression may simply involve blending
and compression. However, when tablets are prepared by wet
granulation, unit operations may involve blending, granula-
tion, wet milling, drying, dry milling, blending for lubrication,
compression, coating, and packaging. In such cases, the
output of the first unit operation becomes an input of
subsequent unit operations. Process understanding could be
conducted on each unit operation or a combination of unit
operations to determine CMAs, CPPs, and CQAs. Figure 2
shows an example how the CMAs and CPPs were deter-
mined, using an example of an immediate release dosage
form (20).

Control Strategy

The knowledge gained through appropriately designed
development studies culminates in the establishment of a
control strategy. As shown in Fig. 3, control strategy could
include three levels of controls as follows:

Level 1 utilizes automatic engineering control to
monitor the CQAs of the output materials in real time. This
level of control is the most adaptive. Input material attributes
are monitored and process parameters are automatically
adjusted to assure that CQAs consistently conform to the
established acceptance criteria. Level 1 control can enable
real-time release testing and provides an increased level of
quality assurance compared to traditional end-product test-
ing. It should be noted that adoption of process analytical
technology (PAT) is not the only way to implement real-time

release testing (e.g., the use of predictive models as a
surrogate for traditional release test, where the model may
be defined in terms of traditional in-process measurements).

Level 2 consists of pharmaceutical control with reduced
end-product testing and flexible material attributes and process
parameters within the established design space. QbD fosters
product and process understanding and facilitates identification
of the sources of variability that impact product quality.
Understanding the impact that variability has on in-process
materials, downstream processing, and drug product quality
provides an opportunity to shift controls upstream and to reduce
the reliance on end-product testing (3).

Level 3 is the level of control traditionally used in the
pharmaceutical industry. This control strategy relies on extensive
end-product testing and tightly constrained material attributes
and process parameters. Due to limited characterization of the
sources of variability and inadequate understanding of the
impact that CMAs and CPPs have on the drug product CQAs,
any significant change in these requires regulatory oversight.
Significant industry and regulatory resources are spent debating
issues related to acceptable variability, the need for additional
controls, and the establishment of acceptance criteria.

In reality, a hybrid approach combining levels 1 and 2
can be used. ICH Q8 (R2) (3) defines a control strategy as a
planned set of controls, derived from current product and
process understanding that ensures process performance and
product quality. The controls can include parameters and
attributes related to drug substance and drug product
materials and components, facility and equipment operating
conditions, in-process controls, finished product specifica-
tions, and the associated methods and frequency of monitor-
ing and control. A control strategy can include, but is not
limited to, the following (3):

Critical Material Attributes*

Material Attributes

Critical Process Parameters*

Process Parameters

Risk Assessment
Prior Knowledge

First Principle
DoEs

Physicochemical
Assay

Content Uniformity
Dissolution

Safety
Stability

Degradation Products
Efficacy

Bioavailability

Drug Product
Critical Quality Attributes

(Part of QTPP)

DoEs  & Scale-up
-With interactions and 
quadratic responses
-Univariate OK if  
proven that there are 
no interactions

DoEs & Scale-up
-With interactions 
and quadratic 
responses
-Univariate OK if  
proven that there are 
no interactions

Acetriptan [solid state form, solubility, morphology, particle size distribution (PSD), bulk, 
density, flowability, cohesiveness, moisture content, hygroscopicity, chemical stability, 
process impurities, residual solvents, etc…]

Lactose [type, grade, source, amount, polymorphism, PSD, morphology, aspect ratio, bulk, 
density, moisture content, flowability, compressibility, lot-to-lot variability, etc…]

Microcrystalline Cellulose (MCC) [type, grade, source, amount, PSD, bulk, density, 
morphology, flowability, moisture, content, compressibility, lot-to-lot variability, etc…]

Croscarmellose [type, grade, source, amount, degree of substitution, PSD, moisture 
content, lot-to-lot variability, etc…]

Talc [type, grade, amount, PSD, density, specific surface area, moisture content, lot-to-lot 
variability, etc…]

Mg St [type, grade, source, amount, PSD, specific surface area, moisture content, lot-to-lot 
variability, etc…]

Pre-roller compaction blending and lubrication [blender type, order of addition, fill 
level, rotation speed, time, number of revolutions, intensifier bar (on/off), 
environment (temp and RH), etc…]

Roller compaction [compactor type, feed screw speed, deaeration, roller surface 
design, roller pressure, roller speed, roller gap, environment (temp and RH), etc…]

Milling [Mill type, blade configuration, speed, screen type, mesh size, # of recycles, 
environment (temp and RH), etc…]

Final blending and Lubrication [blender type, order of addition, fill level, rotation 
speed, time, number of revolutions, intensifier bar (on/off), environment (temp and 
RH), etc…]

Compression [Press type, number of stations, tooling design, feed frame paddle speed, 
feeder fill depth, pre-compression force, main compression force, press speed 
(dwell time), hopper design, hopper fill level, drop height of finished tablets, run 
time, environment (temp and RH), etc…]

*Conclusion is drawn based upon the ranges studied and the control strategy for other variables (fixed or controlled within the ranges studied)

Acetriptan: PSD, polymorphic form
Lactose and MCC: amount and ratio
Croscarmellose: amount
Talc: amount
Mg St: amount
(Note: Excipients type, grade, and source are fixed and its quality is 
controlled per compendial/in-house specifications.)

Pre-roller compaction blending and lubrication: 
number of  revolutions
Roller compaction: roller pressure and roller gap
Milling: mill screen orifice size
Final blending and Lubrication: none within the ranges studied
Compression: main compression force

Fig. 2. Product and process understanding: an example for immediate release dosage forms
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& Control of input material attributes (e.g., drug substance,
excipient, in process material, and primary packaging
material) based on an understanding of their impact on
processability or product quality

& Product specification(s)
& Controls for unit operations that have an impact on
downstream processing or product quality (e.g., the impact
of drying on degradation and particle size distribution of
the granulate on dissolution)

& In-process or real-time release testing in lieu of end-product
testing (e.g., measurement and control of CQAs during
processing)

& A monitoring program (e.g., full product testing at regular
intervals) for verifying multivariate prediction models

Process Capability and Continual Improvement

Process capability measures the inherent variability of a
stable process that is in a state of statistical control in
relation to the established acceptance criteria. Table II
shows the definition, calculation formula, and description of
process capability indices (30) that are useful for monitoring
the performance of pharmaceutical manufacturing process-
es. Calculations based on the inherent variability due to
common cause of a stable process (i.e., in a state of
statistical control) result in process capability (Cp and Cpk)
indices. When the process has not been demonstrated to be
in a state of statistical control, the calculation needs to be

based on sample standard deviation of all individual
(observed) samples taken over a longer period of time; the
result is a process performance index (Pp and Ppk). A state
of statistical control is achieved when the process exhibits
no detectable patterns or trends, such that the variation
seen in the data is believed to be random and inherent to
the process (31).

When a process is not in a state of statistical control, it is
because the process is subject to special cause (source of
intermittent variation in a process). Special causes can give rise
to short-term variability of the process or can cause long-term
shifts or drifts of the processmean. Special causes can also create
transient shifts or spikes in the processmean. On the other hand,
common cause is a source of inherent variation that is random,
always present, and affects every outcome of the process. In a
QbD development process, the product and process under-
standing gained during pharmaceutical development should
result in early identification and mitigation of potential sources
of common cause variation via the control strategy. The
manufacturing process will move toward a state of statistical
control, and, once there, the manufacturer will continue to
improve process capability by reducing or removing some of the
random causes present and/or adjusting the process mean
towards the preferred target value to the benefit of the patient.
In a non-QbD approach, common cause variation is more likely
to be discovered during commercial production and may
interrupt commercial production and cause drug shortage when
it will require a root cause analysis.

Process capability can be used to measure process
improvement through continuous improvement efforts that
focus on removing sources of inherent variability from the
process operation conditions and raw material quality.
Ongoing monitoring of process data for Cpk and other
measures of statistical process control will also identify when
special variations occur that need to be identified and
corrective and preventive actions implemented.

Continuous improvement is a set of activities that the
applicant carries out in order to enhance its ability to meet
requirements. Continual improvements typically have five
phases as follows (32):

& Define the problem and the project goals, specifically
& Measure key aspects of the current process and
collect relevant data

& Analyze the data to investigate and verify cause-and-
effect relationships. Determine what the relationships
are, and attempt to ensure that all factors have been
considered. Seek out root cause of the defect if any.

Table II. Process Capability Indices and Their Measures

Index Description

Cp ¼ USL−LSLð Þ
6bσ

Estimates process capability when the data mean is centered between upper and lower specification limits.

Cpkl ¼ Mean−LSLð Þ
3bσ

Estimates process capability when the data mean is not centered between upper and lower specification limits or when
specifications consist of a lower limit only.

Cpku ¼ USL−Meanð Þ
3bσ

Estimates process capability when the data mean is not centered between upper and lower specification limits or when
specifications consist of an upper limit only.

USL upper specification limit, LSL lower specification limit, bσ (sigma hat) inherent variability due to common cause of a stable process

Fig. 3. Control strategy implementation options
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& Improve or optimize the current process based upon
data analysis using techniques such as design of
experiments to create a new, future state process.
Set up pilot runs to establish process capability.

& Control the future state process to ensure that any
deviations from target are corrected before they
result in defects. Implement control systems such as
statistical process control, production boards, visual
workplaces, and continuously monitor the process.

In addition, continuous improvement can apply to legacy
products. Legacy products usually have a large amount of
historical manufacturing data. Using multivariate analysis to
examine the data could uncover major disturbances in the form
of variability in raw materials and process parameters. Contin-
uous improvement could be achieved by reducing and control-
ling this variability. Newer processes associated with a design
space facilitate continuous process improvement since appli-
cants will have regulatory flexibility to move within the design
space (ICH Q8).

PHARMACEUTICAL QUALITY BY DESIGN TOOLS

Prior Knowledge

Although not officially defined, the term “prior knowl-
edge” has been extensively used in workshops, seminars,
and presentations. In regulatory submissions, applicants
often attempt to use prior knowledge as a “legitimate”
reason for substitution of scientific justifications or
conducting necessary scientific studies.

Knowledge may be defined as a familiarity with someone
or something, which can include information, facts, descrip-
tions, and/or skills acquired through experience or education.
The word “prior” in the term “prior knowledge” not only
means “previous,” but also associates with ownership and
confidentiality, not available to the public. Thus, for the
purpose of this paper, prior knowledge can only be obtained
through experience, not education. Knowledge gained
through education or public literature may be termed public
knowledge. Prior knowledge in the QbD framework general-
ly refers to knowledge that stems from previous experience
that is not in publically available literature. Prior knowledge
may be the proprietary information, understanding, or skill
that applicants acquire through previous studies.

Risk Assessment

ICH Q9 quality risk management indicates that “the
manufacturing and use of a drug product, including its
components, necessarily entail some degree of risk.… The
evaluation of the risk to quality should be based on scientific
knowledge and ultimately link to the protection of the patient
and the level of effort, formality, and documentation of the
quality risk management process should be commensurate with
the level of risk (4).” The purpose of ICH Q9 is to offer a
systematic approach to quality risk management and does not
specifically address risk assessment in product development.
However, the risk assessment tools identified in ICH Q9 are
applicable to risk assessment in product development also.

The purpose of risk assessment prior to development
studies is to identify potentially high-risk formulation and
process variables that could impact the quality of the drug
product. It helps to prioritize which studies need to be conducted
and is often driven by knowledge gaps or uncertainty. Study
results determine which variables are critical and which are not,
which facilitates the establishment of a control strategy. The
outcome of the risk assessment is to identify the variables to be
experimentally investigated. ICH Q9 (4) provides a
nonexhaustive list of common risk assessment tools as follows:

& Basic risk management facilitation methods (flow-
charts, check sheets, etc.)

& Fault tree analysis
& Risk ranking and filtering
& Preliminary hazard analysis
& Hazard analysis and critical control points
& Failure mode effects analysis
& Failure mode, effects, and criticality analysis
& Hazard operability analysis
& Supporting statistical tools

It might be appropriate to adapt these tools for use in specific
areas pertaining to drug substance and drug product quality.

Mechanistic Model, Design of Experiments, and Data
Analysis

Product and process understanding is a key element of
QbD. To best achieve these objectives, in addition to mechanis-
tic models, DoE is an excellent tool that allows pharmaceutical
scientists to systematically manipulate factors according to a
prespecified design. TheDoEalso reveals relationships between
input factors and output responses. A series of structured tests
are designed in which planned changes are made to the input
variables of a process or system. The effects of these changes on
a predefined output are then assessed. The strength ofDoEover
the traditional univariate approach to development studies is the
ability to properly uncover how factors jointly affect the output
responses. DoE also allows us to quantify the interaction terms
of the variables. DoE is important as a formal way of
maximizing information gained while minimizing the resources
required. DoE studies may be integrated with mechanism-based
studies to maximize product and process understanding.

When DoE is applied to formulation or process devel-
opment, input variables include the material attributes (e.g.,
particle size) of raw material or excipients and process
parameters (e.g., press speed or spray rate), while outputs
are the critical quality attributes of the in-process materials or
final drug product (e.g., blend uniformity, particle size or
particle size distribution of the granules, tablet assay, content
uniformity, or drug release). DoE can help identify optimal
conditions, CMAs, CPPs, and, ultimately, the design space.
FDA scientists have shown the use of DoE in product and
process design in recent publications (33–39).

Process Analytical Technology

The application of PAT may be part of the control
strategy (28). ICH Q8 (R2) identifies the use of PAT to
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ensure that the process remains within an established design
space (3). PAT can provide continuous monitoring of CPPs,
CMAs, or CQAs to make go/no go decisions and to
demonstrate that the process is maintained in the design
space. In-process testing, CMAs, or CQAs can also be
measured online or inline with PAT. Both of these applica-
tions of PAT are more effective at detecting failures than end-
product testing alone. In a more robust process, PAT can
enable active control of CMAs and/or CPPs, and timely
adjustment of the operating parameters if a variation in the
environment or input materials that would adversely impact
the drug product quality is detected.

Application of PAT involves four key components as
follows (40):

& Multivariate data acquisition and analysis
& Process analytical chemistry tools
& Process monitoring and control
& Continuous process optimization and knowledge
management

Multivariate data acquisition and analysis requires building
scientific understanding about a process and identifying critical
material attributes and process parameters that affect product
quality and integrating this knowledge into the process control,
which is essentially the same as the process understanding in the
context of QbD. Process analytical chemistry tools provide real-
time and in situ data about the status of the process. Multivariate
data analysis takes the raw information from the PAT tools and
connects it to CQAs. Based on the outcome of the data analysis,
process controls adjust critical variables to assure that CQAs are
met. The information collected about the process provides a basis
for further process optimization. Studies in FDA laboratories
indicated the promise of several PAT tools and chemometric
approaches (41–44).

CONCLUSION

The goals of implementing pharmaceutical QbD are to
reduce product variability and defects, thereby enhancing
product development and manufacturing efficiencies and
postapproval change management. It is achieved by designing
a robust formulation and manufacturing process and establish-
ing clinically relevant specifications. The key elements of
pharmaceutical QbD can include the QTPP, product design
and understanding, process design and understanding, and scale
up, control strategy, and continual improvement. Prior knowl-
edge, risk assessment, DoE, and PAT are tools to facilitate
QbD implementation. Finally, product and process capability is
assessed and continually improved postapproval during product
lifecycle management.
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Name of add on course: Sigma Plot: A Tool for Statistical Analysis 

    

 

Link 
1. https://www.alfasoft.com/docs/sigmaplot-tutorial.pdf 
2. https://www.youtube.com/watch?v=oL5FsiCuEMc 
3. https://www.youtube.com/watch?v=YZZ4_N2dnLQ 
4. https://www.youtube.com/watch?v=WLeSu3kPEUw&t=25s 
5. https://www.youtube.com/watchv=WLeSu3kPEUw&t=37s 
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Link: https://www.aplanalytics.com/pharmacokinetics.php 
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