
Scientific Issues with a 
Business Impact: In Vitro-In 
Vivo Workshop 

~
he Workshop on Scientific Foundation and 

Applications for the Biopharmaceutics 
C lassification System (BCS) and In Viu'o-In Vivo 
Correlations (lV1VC) was a collaborative success. 
AAPS, COIlU"oll ed Release Society (CRS), and 
the FDA co-sponsored the gatheriJ1g, which took 
place April 14- 16, 1997, in Arlington, VA. 

The workshop cla rifi ed curre nt scie ntifi c 
thinkin g on bioequiva lence (BE) standards, 
identified gaps in knowledge, and determined 
needs for further research. Panelists addressed 
the basic physiological and pharmaceutical 
factors conu'olling drug absorption, conu'olled 
release dosage forms, and data ana lysis for 
Immediate Release (lR) and Extended Release 
(ER) products. In addition, they discussed 
regulatory considerations and the background 
and status of relevant FDA gu idelines. T he 
scientific bases for three guidances were 
presented. Two of the three guidances-the IR 
Dissolution G uidance and the Contro ll ed 
Release Correlation Guidance-are both sti ll ill 
draft form; the BCS guidance is being developed 
by the FDA for release later this yea r. 

BCS: Membrane Permeability 
Gordon Amidon, Ph.D. stated that the panel 

agreed that human permeability should not be 
required to classify a drug. The work of Hans 
Lennernas, Ph.D. on human permeability 
determination shows tha t the fraction dose (Fa) 
absorbed in humans is generally proportional to 

permeability (P) in humans, specifica ll y for 
soluble drugs. Human permeability is also 
proportional to an imal jejunal permeability, as 
evidenced in a variety of species. The important 
connection between Fa in humans and P in 
animals is where drug discovery and preclinical 
development data might affect future drug 
regu lation. A sca ling factor must be used for 
drugs with a carrier-mediated transport 
mechanism. 

Reference compounds are extremely 
important to this process. The general consensus 
of the scientists on the panel was that the 
compounds shou ld be structura lly diverse so that 
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there is a high degree of confidence that a new 
chemical-a new molecular entity-is within the 
reference set in compound space. It Illay be 
possible to esti mate or predict on the basis of 
permeabi lity calcula tions; however, the research 
cOlllmullity is concerned about accUJ"acy, so 
va lidation would still be needed. 

Finally, the panel discussed CaCo-2 tissue 
culture at length. They agreed that the sa me 
criteria shou ld pertain to tissue culture that 
pertain to the in vitro and in vivo systems. 

BCS: Solubility and Drug 
Dissolution Considerations 

Ajaz Hussain, Ph.D. described this panel's 
focus on a highly solubl e (HS), highly permeable 
(l-!P) class of drugs and the issues pertaining to 
that class. T he panel agreed that for high 
solubili ty with a volum e of 250 ml, the criteria 
for all pHs ( I through 8) are probabl y very 
conservative. Second, for 85 percent dissolution 
in 15 minutes (the case A dissolution in SUPAC
IR), 0. 1 N HCI is also conservative. An additiona l 
pH of 6.8 should be considered normal for a 
dissolution test. Two possibilities are ( I) to have 
two dissolution media tests for an lIS, I-IP drug 
or (2) to include rapid dissolution in 6.8 pH. 

The panel agreed that the dissolution rate is 
likely to be a good surrogate for Cmax. The HS, 
HP class wi ll probably ensure extent of 
absorption at greater than 90 percent. High 
sol ubili ty is essential because the relationship 
between so lubili ty and permeability is well 
defined for HS drugs. 

GastrOintestinal Variables 
l-lans Lennernas, Ph.D. listed 

recommendations from this panel. First, 
although disease states affect gastrointestinal 
variables, BE i11 control is acceptable. 
Second, in vitro testing is possible. 
T hird, BE dissolution tests for low- I 
solubi li ty drugs should include a pH of I 

I to 8, surfactant concentration 
between 0.5 and 2 percent (the panel 
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Workshop ... continued 
recommended putting it as low as possible), and 
an appropri<ltc speed. FOllrth, with physiological 
mcci i,l for dissolution tests, composition and 
vo lum e ~\re related to the media, and 
hydrodynami cs and duration ;1 150 must be 
consi dered. 

Regulatory Considerations 
Henry Malinowski, Ph.D. presented this 

panel's summary hi ghlights. Research at the 
universities of h1aryland , Tennessee, M-ichigan, 
and Uppsa l. contributed policy to SUPAC-IR, 
SUPAC- ER, the corre lati on guida nce, t he 
gelatin capsu le issue, Jnd the BCS. Panelists 
genera lly agreed with the IR guidallce and felt 
the profile comparison was use ful. "In the lR 
guidance, profile dissolution testing for IR 
products related to same ness. The panel 
expressed overall su pport for the BCS framework 
for using dissolution as a slirrog;lrc. One ll1:ljor 
reason is that it uses an in vivo characte ristic, P, 
and an in vi tro chara cterist ic, 5, in this 
framework, which makes strong scientific sense. 

A question remains about the definition of 
high solubili ty and whether this char:lcteristic 
should be related to the highest dose used or the 
highest strength available. The highest dose for 
defining high sol ubility relates more to cli nical 
uses or drugs; however, in OJ BE study, the hi ghest 
strength rather than the highest dose would 
normally be used. Further discllssion is needed 
about how to best define high solubilily. 

Modified Release Dosage Forms 
Jcnnifer Dressm<ln, Ph.D. gave the summary 

report of this large pan el. She mention ed a report 
by Ping Lee, Ph.D. on a wide range of 
mechanisms for l11odi~'jed release dosage forms. 
Patrick Sinko, Ph.D. indicated that release and 
dissolution may not always be synonymous in 
vivo, and this difference may not always be 
addressed by in vitro tests. Some key parameters 
to dctermine whether a dosage form has 
conditio n-depende nt or independcnt release 
might include pH dependency, effective 
surf,lCta nts in the g<lstroi ntcstin<1 1 (G I) tract, 
effective enzym es in the G l tract (in limited 
cases), and the effects of hydrodynamics. The 
drug properties, as well as the formubtion , can 
determine whether the formulation will have 
conditi on-dependent performance. Some drugs 
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have site-dependent permeability, particularly 
those with p,Hacellular or active transport 
mech:misms. Linked to the latter wou ld be site
dependent metabolism and efflux mechanjsllls. 
Site-dependent: solubility of the drug is also 
possible. Modified-release dosage forms are 
more complicatcd than rR dosage forms because 
the excipi ents used in the formulation to produce 
a modified-release profile could induce 
condition-dependent release in the G l tract. 

Lawrence Augsburger, Ph.D. gave a 
presentation illustrating that the Univcrsity of 
M<uyland modified-rel ease resu lts are consistent 
with the leve ls or testing suggested by SUPAC
MR and fVlVC guidances. The results were 
compiled separately from the data on which the 
guidances were based. 

The pan el suggcsted that incentives to 
establish an IV1VC cou ld include fewer data 
requ irements by the FDA Iatcr in the approval 
process. This might IC;ld to wider specifi cations. 
Essential aspects of the IVTVC include the 
accuracy, precision, and predictability of the 
co rrelatio ns; desirable aspects includ e the 
simplicity of the method, which rebtes to the 
robustness. Idea lly, the correlation wou ld be 
relevan t to the physiology, both in the in vitro 
dissolution methodology ~1I1d in the application 
of mathematical models. lV10st important, some 
potentiall), useful approaches incl ud e 
convo luti on, deconvolution, physiologically 
based pharm<1cokinetic models, compartmenta l 
models, and neural networks. 

Data Analysis for IR and ER 
Products 

J osep h Robinson, Ph.D., sUlll mari zed this 
panel's di scussion. For the most part, product 
quali ty is determined during design and 
development of the drug and dosage form. 
Flexibility in mathematical approach to 
correhltion is needed during these processes. 
Understand ing and using information about 
mechanisms :lJ"e va luabl e; correlations can 
con tribute to this understanding. The panel 
agreed that despite limits for some drugs, 
classification based on physical-chemical 
x Biologic<ll/biochcmicul issues require further 
research and should be incorporated into the 
process. The panel favored classific:'ltion because 
it h<ls the potential to reduce development and 



product support costs and regulatory burden. 
T he characteristi cs of dosage form effects on 

drug dissolutio n need to be considered in 
additi on to dru g properti es (solubility, 
permeabili ty). Once enough drugs have been 
studied with respect to solubility, perm eability, or 
oth er relevant physical, chemical , or biological 
properties, the panel recommended the FDA 
identify a li st o f crite ria th at wo uld all ow 
categori zation of drugs by relative 
bi opharm3 ceuti c risk. Biopharl11<lccuti c ri sk 
equals th e risk of adverse effects on patients 
witho ut explicit studies to assess BE. 

Closing Remarks 
Dr. Amidon talked about the FDA's evolution 

toward openness in the guidance process and 
how the agency wo rks with scientists and 
consumers. Coopera tion and support from the 
FDA and th e foclIs o f Roger Williams, Ph.D. on 
pharma ce uti cal sc iences and phann<lccutiCi_ll 

product qu.l1iry were cited as 1"<1ising th e quality 
of products fo r the marketplace. Dr. Amidon said 
that the support o f industry in this meeting, with 
spea kers openly discussing scientifi c issues that 
have a busin ess imp,lct, was very impressive. Dr. 
Robin so n added that th e Lnternational 
Pharmaceuti cal Federa tion (FlP) has set lip a 
board of pharmaceutical sciences as a companion 
to the board of pharmacy. 

AAPS press will soon release a 
publication entitl ed "Scientific Foundations 
for Regula ting Drug Product Quali ty." The 
publica tion contains a summary from the 
Scientific Foundations and Applications for 
Biopharmclce uti cs Classifi cati on System 
(BCS) and In Vitro/In Vivo Correlations 
Workshop held April 14- 16, 1997. The 
publication is scheduled to be released in 
September, 1997. Fo r advan ce o rder 
information ca ll AAPS at 703-548-3000. 
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