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Nomograms:

—» Nomograms are charts available for use in estimating dosage regxmens ‘"Ms -

i
_.-—-b The nomograms may be based on serum cmunﬁcgnfentrauons, pil‘lf:lf data (helght:l

Weight, age, gender), and the pharmacokinetics of the drug.
et

—> A nomogram :s@hacal CWdewce@mgmm Jeﬂgned to |
allow the approximat hncal computatlon ofa f'unctmn .

~——= The word Nomogram is derived from Greek (nomos=law & gramm'e;ilinc).
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ﬁ‘- Thé nomogram method provides an estimate of the mtuoiof the urgnic efimination rate |
cons'bﬁt(f'..) to the normai elimination rate constant (k 5) on the basis of creatinine
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APPLICATIONS:

1. For (eas /of calculation of dosage regimens, many clinicians rel

calculate the proper dosage regimen for their patients.

2. The use of a nomogram may give a W__,
characteristics requiring adjustments, such as age, body weight, and physiologic state.
N~ ~——— — . *"""
3. In general, the nomogram of a drug is based on population ph_;a_rrn:\coklnetlc data

collected and analyzed using a specific pharmacokinetic model.

regimen calculation simple, complicated equations are often

4. In order to keep the dosage
solved and the results displayed diagrammatically

ple dose re@6mmendation based on patient informa[ion_)
ogic parameters, such as serum /g_rg:'gi’qi‘nf_,

sim
mogram make use of certain physiol
the dosage regimen according to renal function.
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5. ' Some no

concentration, to help modify
~ ~——

6. Nomograms arc charts available for usc in cstimating dosage regimens in uremic patients
. (2

7. The nom/og[p@s*lﬁa:y be based on scrwngpmmﬁpns. paticnt data\(height

) - . - o "—-f

/(,veigl) [ age):,rgcnd}r,)', and the pharmacukinctics of the drug.
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Advantages: - | i i
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——> The advantage of the Nomograms is that it can bej easilj '

maSS—prod_uced_(distr_i_l;hied/ and - _(evaluated, while'

* providing the,same'informatiori'as the |ogisti

it rep resent.
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on special scaled axes to produce a
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Nomograms are typically used in applicatibns whére.ithe level of accuracy they,

offer is sufficient and useful. o
Pisadvantages: - i
= ')f

——= Scale s always a limitation regarding frequency reduction - It

does not provide an accurate reduction ranking : i

_— @g%!.@g-.issues and evaluations are difficult to show in a

transparent manner K ;;.;1_. i
REE i’.l}‘“

ﬁ There can be a strong tendency to try and provi it
/" level of accuracy than what is Zapab?é d provide a greater
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Cl Mharmacokmetlcs Desigh of Dosage Forms

\/ NOMOGRAMS AND TABULATIONS IN DESIGNING DOSAGE
REGIMENS

S For ease of calculation of dosage regimens, many clmlcnans@ly )
on nomograms to calculate the proper dosage regimen for their
patients. The use of a nomogram may give a quick dosage
regimen adjustment for patients with characteristics requiring
adjustments, such as age, body weight, and physiologic state. In
general, the nomogram of a drug is based on population
pharmacokinetic data collected and analyzed using a specific
pharmacokinetic model. In order to keep the dosage regimen
calculation simple, complicated equations are often solved and
the results displayed diagrammatically on special scaled @xes to
produce a simple dose recommendation based on patlent
information. Some nomograms make use of certain physiologic
parameters, such as serum creatinine concentration, to help
modify the dosage regimen according to renal function

> For many marketed drugs the manufacturer provides tabulated
general guidelines for use in establishing a dosage regimen for
patients, including loading and maintenance doses.

For drugs with a narrow therapeutic range, such as theophylline,

a guide for monitoring serum drug concentrations is given.
_—> Another example is the aminoglycoside antibiotic, Qbramycm’
“sulfate USP (Nebcin Eli/Cilly), which is eliminated primarily by
renal clearance. Thus, the dosage of tobramycin sulfate should be
reduced in direct proportion to a reduction in creatinine clearance
<&»). The manufacturer provides a nomogram for estimating the
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Design of Dosage Forms

percent of the normal dose of tobramycin sulfate assuming the ~
serum creatinine level (mg/100 mL) has been obtained.

> CONVERSION FROM INTRAVENOUS INFUSION TO ORAL
> bosiNg

- G\ﬂer the patient's dosing is contrzlied by intravenous infusion, it
is often desirable to continue to medicate the patient with the
same drug using the oral route of administration. When
intravenous infusion is stopped, the serum drug concentration
decreases according to first-order elimination kinetics . For most
oral drug products, the time to reach steady state depends on the
first-order elimination rate constant for the drug. Therefore, if the
patient starts the dosage regimen with the oral drug product at the
same time as the intravenous infusion is stopped, then the
exponential decline of serum levels from the intravenous infusion
should be matched by the exponential increase in serum drug
levels from the oral drug product)
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DOSING OF DRUGS IN THE ELDERLY

e

> Defining "elderly” is difficult. The geriatric 'population is often

Carbitrarily>defined as patients who are older than 65 years, and
many of these people live active and healthy lives. In addition,
there is an increasing number of people who are living more than
85 years, who are often considered as the "older elderly”
population. The aging process is more often associated with
physiologic changes during aging rather than purely chronological
age. Chronologically, the elderly have been classified as the
young old (ages 65-75 years), the old (ages 75-85 years), and the
old old (age > 85 years).

411 , (] :_;
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CLPharmacokinetics

Design of Dosage Forms

“—> Performance capacity and the loss of homeostatic reserve
decreases with advanced age but occurs to a different degree in
each organ and in each patient. Physiologic and cognitive
functions tend to change with the aging process and can affect
compliance and the therapeutic safety and efficacy of a
prescribed drug. The elderly also tend to be on multiple drug
therapy due to concomitant iliness. Decreased cognitive function
in some geriatric patients, complicated drug dosage schedules,
and/or the high cost of drug therapy may result in poor drug
compliance, resulting in lack of drug efficacy, possible drug
interactions, and/or drug intoxication.

_,;.,_-9 Several vital physiologic functions related to age as measured by
markers show that renal plasma flow, glomerular filtration, cardiac
output, and breathing capacity can drop from 10% to 30% in
elderly subjects compared to those at age 30. The physiologic
changes due to aging may necessitate special considerations in
administering drugs in the elderly. :For scine-drugs, an--age-
dependent increase-in-adverse-drug.reactions or toxicity-may-be

observed. This. apparent increased.-drug-sensitivity in ihe eldérly
. may—be due ic phemasodynanic andlor plhianmacokinetic

The pharmacodynamic hypothesis assumes that age causes
alterations in the quantity and quality of target drug receptors,
leading to enhanced drug response. Quantitatively, the number of
drug receptors may decline with age, whereas qualitatively, a
change in the affinity for the drug may occur.) STy,

pharmacokipetic ~ypothe apy




ClL.Pharmacokinetics Design of Dosage Forms

: In the elderly, age-dependent alterations in drug absorption may
include a: d&:__lpje in the ("éﬁgﬁéﬁﬁ@) blood flow, altered
gastrointestinal motility, increase in gastric pH, and alteration in
the -gastrointestinal absorptive surface. The incidence of

~achlorhydria in the elderly may have an effect on the dissolution

of certain drugs such as weak bases and certain dosage forms

that require an acid environment for disintegration and release
rom-—a—distributie consideration,—drae srotein—binding—ir e
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(Y DOSING OF DRUGS IN INFANTS AND CHILDREN
—‘W e

=— Infants and children have different dosing requirements than
adults. Dosing of drugs in this population requires a thorough
consideration of the differences in the pharmacokinetics and
pharmacology of a specific drug in the-preterm newborn infant,
newborn infant (birth to 28 days), infant (28 days to 23 months),
young child (2 to 5 years), older child (6 to 11 years), adolescent
(12 to 18 years), and the adult (FDA Guidance for Industry, 2000).
Unfortunately, the pharmacokinetics and pharmacodynamics of
most drugs are not well known in children under 12 years of age.
The variation in body composition and the maturity of liver and
kidney function are potential sources of differences in
pharmacokinetics with respect to age. For convenience, "infants”
are here arbitrarily defined as children 0 to 2 years of agy

< : IN_HT grogp;sp abconsidesation AeCessSy
infa ess than 4 weeks (1 month) #ld, begduse their to
andle drugs oftepdiffers ffom tha of morgfMatuwe infafits!

«—> In addition to different dosing requirements for the pediatric
population, there is a need to consider the use of pediatric dosage
forms that permit more accurate dosing and patient compliance)

xgfple, liguid pediatic drug/prodycts mgy coma with 2
%fr ed/ dropper LOr a/premeasured teaspbon mLY fér
agcyrate/ dosilg anid haye a cherry flavor for pediatric Et

6mpliaree. Pediatfig d formulations may atso coqtain diffefent




L..l‘t‘_i.llilﬂ”:'(m-ri-ﬂ-'-—- .

o SO LR GErOT |

‘-> M Calternatwe drug delivery such as an mlramuscular
antibiotic drug injection into the gluteus smedius >may _be -

considered for a pediatric patient, as opposed to the deltoid
muscle for an adult patlent.)
—_> In general, complete hepatic function is not attained until the third
week of life. Oxidative processes are fairly well developed in

infants, but there is a deficiency ofCconjugative enzymes. In
addition, many drugs exhibit reduced binding to plasma albumm

. in infants.
__—> Newborns show only 30-50% of the renal activity of adults on the

basis of activity per unit of body weight. Drugs that are heavily
dependent on renal excretion will have a sharply decreased

" elimination half-life.
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the following two equations:
— — —

Al'macol\mellcs

DOSING OF DRUGS IN THE OBESE PATIENT

Qbesity i . blem—im—the—United—Stat isal
hecoming—a problem—in—other—countries. (Obeslty has been

associated with increased mortahty resulting from increases in the
incidence of hypertension, - atheroscleros:s —coronary artery
disease, diabetes, and other conditions compared to nonobese

patients. )

A patnent is considered obese if actual body weight’ exceeds ideal
or desirable body weight by 20%, according to Metropolntan Life
Insurance Company data (latesi-puhlished-tables). Ideal or
desirable body weights are based on average body weights and
heights for males and for females considering age. Athletes who
have a greater body weight due to greater muscle mass are not
considered obese. Obesity often is defined by body mass index
(BMI), a value that normalizes body weight based on height. BMI
is expressed as body weight (kg) divided by the square of the

person’s height (meters) or kg/m2. (Bmi calculated accoidlrj_g_tf

weight«(1b
" B = | eighe )2]x703
) | height.(in) ‘

eight (k
—— [ m?lg t ( g)g] X 10,000
| height (cm)

The obese patient (BMI > 30) has a greaterf’accumulatlon of fat
tissue than is necessary for normal body functions. Adipose (fat)
tissue has a smaller proportion of water compared to muscle
tissue. Thus, the obese patient has a smaller proportion of total




Design of Dosage Forms

body water to total body weight compared to the patient of ideal
body weight, which could affect the apparent volume of
distribution of the drug }Eec-_amnurmm F=signmcant
..Qlﬁer _in_the-apparent-volume-of-distritiition ol«antipyrine-

p’atlen;§ 036 L/kg) -compared—to- ﬂeahbedy—wetght
-p s s (0,62 Likg) 153 based on actual otat-body weight—fdealbody
W) refers to.the appropnate or normal welght fora male

or ale based on age, h’elght wenght and frame s;:te/tdeaf
bdﬂy welgp(s are generally obtained from the latw
des:réble( weight§- for _men and- worfien comipiled” by the
‘Metropolitan Life Insurance Company - &

' ater ger kilggram-pody
t in Ahe obegSe patienj/the greatest proportion Af body fat)in
i . istpbuti anges-in the g's
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DESIGN OF DOSAGE REGIMENS'

— Dosage regimen is defined as the manner in which a drug is taken)
For some drugs like analgesics, hypnotics, antiemetics, etc., a single dose :;!!‘
may provide effective treatment. However, the duration of most in- |
nesses is longer than the therapeutic effect produced by a single dose)-h ;.i'ig .
sueh-cases, drugs -are-required-to=be-taken-on-a-repetitiue-basis—overa it
period-of time-depepding-upon-the nature of illnegs,..Thus, for SMEEESs—

“ful therapy, design of -an-optimal-multiple dosage-regimen.iSneCessary. !|

An_aptimal.-multiple dosage regimen is the one-in-which the drug s "9

administered in-stiitable- doses (by—a—suitable—route), with-sufficient

Jre Q!Am!:}';.f.ﬁzi;t‘*emecfés: maintericnice-of-plasma concentration-withinghe- .’ |

therapeutic-window (Wi ' ' :
iii“- )
i

tien) for the. entive-duzation-of zherapy) spfne rféjkw

| hy, ectve goncentrmion-s maiptainéd at all tinigs afid
r WWﬁg-d% epéf/:/t',at ptso}di_‘
| ECZZ efhot/fo etbeeg/toxic ten. U
' |

Approaches to Design of Dosage Regimen 2

" et ar ey TatiVal Ve Armnlo -V i - Aol
.'—---: ------- - =T e — WP, B =
-

aFe— |
@'_Empirical Dosage Regimen : is designed by the physician based K

on empirical clinical data, personal experience and clinical .
observations. This approach is, however, not very accurate. it



@ Individualized Dosage Regimen : is the most accurate. ap.pr.oach
'It‘; and is based on the pharmacokinetics of drug in the. mdmdugl
' patient. The approach is suitable for hospitalised patients but is

quite expensive.
] @ Dosage Regimen on Population Averages : This is the most
', often used approach. The method is based on one of the two
’ models —

(a) Fixed model : Here, population average pharmacokinetic
! parameters are used directly to calculate the dosage regimen.

(b) Adaptive model : 1t is based on both population average
| pharmacokinetic parameters of the drug as well as patient
{ variables such as weight, age, sex, body surface area and
known patient pathophysiology such as renal disease.

.‘—9 In designing a dosage regimen based on population averages —

't 1. It is assumed that all pharmacokinetic parameters of the drug
remain constant during the course of therapy once a dosage

‘ regimen 1is established. The same becomes invalid if any change
] 1s observed.

‘ 2. The calculations are based on open one-compartment model
which can also be applied to two compartment model if B is

i used instead of K, and Vg instead of Vg4 while calculating the
b regimen. | |

ﬂ___,_..,) Irrespective of the route of administration and complexity of
. pharmacokinetic equations, the two major parameters that can be
i.ffadjusted in developing a dosage regimen are —

Y 1.) The dose size — the quantity of drug administered each time.
The dosing frequency — the time interval between doses.

| ameters govern the amount of drug in the body at any given
//,;%l £1=3oth par g g y yg
. time.
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Age: “

. . . . i
» The factors that affect drug absorption, including gastric pH, gastric it
emptying, intestinal motility , and blood flow change with age lr

of life, and only after 3 years of age gastric acid secretion approaches the
adult value _'
> Gastric emptying is also prolonged and peristalsis is irregular during the]! !

early months of life

i e
» Skeletal muscle mass is also much reduced, and muscle contractions, whlcr%,h

tend to promote both blood flow and spreading of an intramuscularly

administered drug, are relatively feeble '-| 5
» An elevated gastric pH, a delay in gastric emptying, and both! dmnms@ B

intestinal motility and blood flow are also seen in the elderly
» Differences in drug absorption among adults, the very young and the

elderly, are therefore expected Al

"> Generally, changes in rate rather than in extent of absorption are found
» These changes tend to be less apparerit in the elderly than in the very
young

|
| iR&
> Children often appear to absorb drugs as completely and, if anything, mq .‘;7

rapidly than adults

» Accordingly, in subsequent calculations of dosage, extent of absorptionis !

assumed not to vary with age
» A major exception is for some first-pass drugs given to the elderly, where
oral bioavailability increase with age
» The half life is shortest around 1 year of age; it is longest in both newborn
and elderly patients K
pre atun’e newborns,the urinary excretlon is even n)ére depres;ed pei
am, of boﬁy weig t thap'in fulkterm neonates /
gbcgllc acfwltv nqg takg{monghs to’ n)atu re, the tfme reqmred for fuII
aturation varles WIt{ the. enzyme systekfn ,
{decrease ininbolind ;netaboHc cleara’nce if th fl’derly ugt‘ient?és bee|

/demonstrated f fof anii creasy\g numyér of‘drugsvespecna , thos
rin€ipally by jdatlon

==
3

.3

» Thus, in the neonate-a condition of(achlorhydr@)persmts for the first week '
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Body Weight:

>
>

>

>

One aspect of aging is body weight

Weight, 3.5 kg at birth, increases rapidly in childhood and(adolescencefnd
then/declm_eg’slowly in the elderly -

As body water spaces, muscle mass, organ blood flow, and organ function
are related to body weight, the volume of distribution, clearance and hence
dosage regimens of drugs also depend on body weight

However, a weight adjustment is generally thought necessary only if the
weight of an individual differs by more than 30% from the average adult
weight (70 kg)

In practice, then, adjustments for weight are made only for the child and
for the adult who is small, thin, big, or obese

A dose correction must be considered for thin and obese patients

The difference in loading dose may not be as great as anhcnpated from
body weight alone

Because, distribution get age-related changes and much depends on the
physicochemical properties of the drug

In contrast, total body weight may be more relevant for a drug that is highly
lipid soluble

Though renal and hepatic functions are related to body size, obesity may
not produce a corresponding increase in hepatic function

VConsequently, the use of total body weight to determine a drug dosage

regimen could result in toxic effects if the patient is érossly obese
, th ugh y drug dosgs are based on the body weight of t [)a‘f
Zﬁ pre ed asz?}kg)/ the |r(fluence of obesity or ma|nounshmey?els noét
ysfonan
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Genetics:

>

» Probe drugs approved by US FDA for genetic/phenotyping 5

Disease Conditions:

>
>

~ determine with any degree of certainty; but a few genetic differences are

't &
i
1é

T
¥

|I|'
i
il
!
O
H

Genetic polymorphism that lead to the production of isoenzyme with - [
ith high activit;\’/*

reduced or no activity of to multiple copies of an enzyme wi

make a major contribution to the variability in the dose requirements of | ]
drugs that eliminated by hepatic metabolism -k
—-Cytochrorhe‘* P450 (CYP 450) enzymes, P — glycoproteins are increasingly |
being recognized for their importance to pharmacokinetic variability |
Most of these genetic differences are complex and are difficult to

well documented (oxidation, S- methylation, and,_a_cetylation)

e Omeprazole / Pantoprazole (Phenotyping for CYP2C19)
e Lovastatin (Phenotyping for CYP3A4)
° Dex_tromethorpharr[ (Phenotyping for CYP2D6)

Disease is a major source of variability in drug response
The.PK and PD of some drugs have been shown to be influenced by the

presence of concurrent diseases other than the one for which a drug is used:

.1':
There are also (dc?:asibn.gwhen the pharmacokinetics of a drug is altered in 3;
the disease for which it is used i
Diseases of the kidney, liver, cardio vascular system, respiratory system,
gastrointestinal system and endocrine system are the major cause that

warrant individualized drug therapy j a

i
it
i
i
it
LAY

-
.

T T

» The influence of Hepatic disorder on the drug bioavailability & disposition is !

>

_unpredictable because of the multiple effects that liver produces.

The altered response to drugs in liver disease could be due to decreased
metabolizing capacity of the hepatocytes, impaired biliary elimination, due z
to biliary obstruction {e-g—Rifarapiel P P ime}
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> In patient with renal failure, the half life of the drug is increase and its
clearance drastically decreases if it is predominantly eliminated by way of
excretion. o

» Hence, dosage adjustment should take into account the renal function of
the patient and the fraction of unchanged drug excreted in urine.

» There are two additional method for dose adjustment in renal insufficiency
if the Vd change is assumed to be -ﬁ'egligiblfcé/;

» The adjustme tof,dru_g"dosa.ge in casc/a/ff renal/g.iseasgfare carried out, by
%}Z‘:r/é:e approgthes: © /7~ 4 | {//
e/ Dgfse ;’djust;ﬁentfb‘asgd on’”To_;_aJI' body clearance. )/
/i: adju};’fmen{t baéed"ﬁn &ﬁfnina;lbn rate constant ér alf life.

/o { Dose a,dj_@d'stment in-renat failure
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Disease Conditions:

» Disease is a major source of variability in drug response
» The PK and PD of some drugs have been shown to be influenced by the :
presence of/concurrentdiseases other than the one for which a drugis used ¢!
» There are also occasions'when the pharmacokinetics of a drug is altered in |
the disease for which it is used '
> Diseases of the kidney, liver, cardio vascular system, respiratory system, 'l
gastrointestinal system and endocrine system are the major cause that i*?
warrant individualized drug therapy I“
» The influence of Hepatic disorder on the drug bioavailability & disposition is,:
unpredlctable because of the multiple effects that liver produces. I l :
» The altered response to drugs in Irver disease could be due to decreased

' metabohzmg capauty of the hepatocytes |mpa|red bllrary ellmlnatlon due

» In patient with renal_fallure the half life of the drug is increase and its
clearance drasticallyﬁdecreases if it is predominantly eliminated by way of
excretion. _ |

» Hence, dosage. adjustment should take into account the renal functlon of
the patient and the fraction of unchanged drug excreted jn urine. . 1k

» There are two additional method for dose adjustment in renal |nsuff|c:|encv IA!’
if the vd change is assumed to be negllglble _ ‘

> Thé adjustment of drug dosage in case of renal dlser;ns’e are carrled out by |

mairllythree approaches A 'g
' _f’ ,,‘1" Dose adjustment based on Total bodv cle fance : }
Dose adjustment based ‘on Elimination rge consftant ar Half life. ?‘

.i
/
5 Dose adjustment i rerfal fa'ﬁure | |
v I , e ) | . | ‘ :
1 W

it

Drug Interactions: | :

» Many of the clinically significant interactions between drugs are
pharmacokinetic in origin, often due to induction and inhibition of
metabollzmg enzymes or transporter protems




. _Absorption:

e Studies have demonstrated the importance of intestinal CYP3A4 and P —

glycoprotein in drug absorption

,-shewn‘theduee%e‘Bﬁée#fBigéxfn
e Absorption can also be altered by drug interactions within the gut that result
from binding to other drugs, such as Eholestyramine or antacids, or to’enteral |

feeds,/as in the case of Phenytoin

Distribution:

e Drug distribution can be altered by interactions that cause displacement from

plasma protein binding
e But, these do not normally alter maintenance dose requirements unless there
is also a reduction in the clearance of unbound drug

Metabolism:

e Metabolism Can be altered by enzyme induction or inhibition
o Due to wide variability in enzyme activity, the clinical significance of an
interaction is often difficult topredict on an individual basis
e These interactions are often dose-dependent and the timescale of the offset
and onset of the effect depends not only on the PK of two (e=zeare) drugs
concerned, but also the isoenzyme(s) responsible for their metabolism

Excretion:

—

. Q’\robenecid reduces the renal excretion of many antibiotics by competing for

anion secretion transport mechanism |
e Changes in biliary secretion and entero-hepatic circulation can also play a role
e For example, Penicillins can impair the recirculation of oral contraceptives by

altering the bacterial lora of thegut)
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L™, TDM N e e us .
> scie '? a m‘:'“_'d'SC'Phnarv function and requires collaboration and good communication between
ntists,clinicians, nurses and pharmacologists.

Stepl: Request drug level .
< The target concentration is depended on the ¢
phenytoin used as prophylaxis
Drug selected based indication and need
Procedures have been implemented where proper justificaticns is now required to carry

out a TDM study.

Step2:collection of biological sample
o Blood sample- collect when drug concentrations reaches steady state {tedeivpiisimes 21

CereREdIsg TEgmen)

linical outcome to be achieved eg-

o city

A - = - AL )Y I3

Ratient usthrevarfaiiurefliverfailure
o If toxicity suspected — drug levels to be monitored- Wﬂveﬁm
o If poor therapeutic control-
o Teeofcanection ui-slead :.‘:m;;é:s-";-s'-".=-5-ta%-re':3?3&'?Wimrvf"adﬂ1mmiowof-dﬂ;g-—

sinvce tlovtfplesma-cona-Cliarge wilit tifiie.
on- verable-honse sample to-be collected-if-.

o Absorption after oral administrati
eliminationphases rather then abzo:p:is::,‘d?stribmionT)h'as‘e
o Biugieveis usually.colleeted jtend-of-dosage-intervat—through=ieve
IV Antibiotics — peak conc.,also measured (Q&ﬂ%?MEs_ﬁTEFﬁopmﬂgiM)
Antibiotics therapeutic ranges- based on peak and through levels
1 shart.T1/2-of the Urugs-nii€asure o efreguentiy:
Usually drug levels are monitored from venous blood- samples easier to collect
,Semetimesl-wk;lc‘chcdmﬁrbcvmquirﬂﬁ%\,ae&@spoﬂ .o

Infants- capillary blood samples ,
saliva and other fluids not usually used4erratic drug levels

L)
LG

)
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>
.‘. L>
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Step3: requesting the drug information

& Ppatient demographic information is important to:

& Include the effect of race ,genetics,environment etc

& Ifadrugis suspected to cause toxicity-rapid reporting of results is required and should be
conveyed to the staff concerned
Step4: measurement of drug concentration

£ Drug concentrations usually analysed in/accredited-aboratories

& Laboratories should ensure the following

procedure are in place to procure missing drug info



(A

Az:g;a:;ﬁ(;gfzmsnon ,sensitivity and specificity of each assay is documented regularly

MWMHMI audit- wherever possible

Assayrasults-s Fﬁﬂmﬂmber‘of.&tandam and.cantrols.
hould-be-verified by senior-staff

Eﬂ&u&rsheuld—be-aual-awm'shurt '
mte&vaLoﬁ-nme-»ldeauy-befommexbdﬁe is.

E

Major
jor concern for TDM monitoring was cost effectweness of measurement methods

However kits are not available for all drugs and certam condmons (pregnancy) require

specialized techniques and highly trained staff

Multiple databases also are being used to coordinate results of tests

« Technique to measure drug Ievels
HPLC(#H

~adSs

A LDAS
RIA( mwweﬁ'fﬁﬁ‘ay)
meMmsmmnmbmon immune-assayy

EIA( Erzymalmmunesssay)

¥)

StepS: Commnunication of results by 1abs

Labs should communicate results immediately after verification
All required details and also the analysis method should be mentioned along with clinical
implications of the method
Usually concentrations aré reported in molar units- conversion to dosage unitsfeEzerams-eter.)
should also be done.

< Theoriginal. iherapeuticTenges-should. ba.mentioned.an.the Tepors

<* M CRpeUied iEpC*'t“T"‘L""qu ed

() )
0.. 9,*

()
0..

Stepb: Interpretation of results
L4 7 .

& Vital stepin the TDM
& Converts adrug measurement service to a drug monitaring service
& Just relating drug level to therapeutic service is not enough _fve-teselateta cutcent.di
< Concentration of the drug must be measured relative to:
patient demographic (recesgender.ete:.

Current dosage regimen
t

should Be done by TDM team- pharmacolog|st pharmacnst analystsical ,scientist
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Therapeutic drug monitoring (TDM)

» Therapeutic drug monitoring (TDM) is the clinical practice of measuring specific drugs
at designated intervals to maintain a constant concentration in a patient’s
bloodstream, thereby optimizing individual dosage regimens.

» its defined as the clinical laboratory measurement of a chemicai parameter that, witi
appropriate medical interpretation, will directly influence drug prescribing
procedures.

INDICATIONS:

1. Pharmacokinetic variability e.g. aspirin, digoxin.

2. Concentration related therapeutic and adverse effects e.g. phenytoin:
ataxia, vertigo, drowsiness

3. Narrow Therapeutic Index: digoxin

4. Effect difficult to monitor.

5. Inter individual variations in metabolism.

6. Saturation kinetics: omeprazole: P450 2C19

7. Difficult to recognized toxicity clinically: cyclosporine , Seizures

8. Hepatic and renal diseases: aminoglycoside

9. Multiple drug therapy and drug Interactlon(ﬁrobenumd increases level of penicillin
10./Doubtful patients compliance.

11.to monitor drug interaction. eg . Rifampicin

12.for drugs which exhibit poor and(erratic ‘absorption
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)
—3 TDM ic o evitltidicritin o .
) inclu; 3rn}l:lt|-c1|.sc1pl|nary task and requires a good collaboration amang patients and the medical staff
, by ad Ing physician,pharmacist,nurses. A clinical pharmacist may assist the other medical professionals
A\ 3‘ vising thl_?n-‘l about the correct use of TDM -sampling techniques and interpretation of results .

Y Additionally clinical pharmacist may be engaged in:

) selecting initial drug regimen-dose,dosing interval, route of administration, dosage form.before
selecting the drug regimen various patient factors like gar,sex,body weigh',race,renal and hepatic

D function etc.., should be considered.

) @Depending upon the TDM results and patients response revision and adjustment of dosage regimen

) should be done. )

) @assessing various other possible reasons for unexpected results like patients non-compliance
medication or laboratory errors,drug interactions,pharmacogenetic variations etc..

)

) @Evaluating and adjusting dosage for patients on heamodialysis

) @Managing acute drug intoxication -

) @lnvolving in research activities like determining possible drug interaction,estimation f cost-benefit

) ratio

—
1
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_4—9- There's @SRERMIYy a correlation between the half-life of a drug & the duration of it's effects. The
longer the half-life, the longer the effect.

The amount of time a drug stays in the body is measured by the elimination half-life.
This is the time required for the concentration of drug in the blood to decrease by 50%.

Half-life affects the frequency of admimistration

Drugs with short half-lives are quickly eliminated from the body ( ErpSiirgre)
sexoisiperday )

* Drugs with longer half-lives stay in the body longer

(Ex: Digoxin given once a day )

>: e T T,

Effect of@hrmnatuon half. hf_g orf duratio
— ———
gﬂB_EEause elimination of drugs is due to the process of(excf'et&ﬁ and

/metabollsmﬁ an alteratlon of any of these ehmmatlon process will effect

———

the{t hal)af the .drug ‘
substituting ( = 0.693 -t.-!ﬂ‘)

¥ D . "
=1.44tL Ln g
teﬁ ) 14 = (VDCM’] =t

e pathophys'omg'c changes in (hep_atlc) and renal; function (decrease
) .thus prolongmg ) Th|s in turn will lead to fetent:en 05

e,
e

rﬁ-—mrgag ,-uratlon of act:wty_hf drug as well as

.__‘F—-ﬁ._

&‘D\_ﬂ o ’ha\&?""‘“’ o

| { Sy

'_ |th the_penicillin .and(cephalopod fi-
chmc:ans have rntentxonally prolg__ged_nhe ehmmatmn of these dru S

) wh:ch competltwel the
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E max MODEL

® This model incorporates the observation known as the law
of diminishing)returns.

© This law shows that an increase in drug concentration near
the maximum pharmacological response produces a
disproportionately smaller increase in the pharmacological
response.’ -

@ This model describes the drug action in the terms of :
® E wax (maximum effect)

= ECso ( the drug concentration that produces 350%
maximum pharmacological effect)

__Enal
EC,+C

@ It'mimics the hyperbolic shape of pharmacologic response
vs. drug concentration curve.

@ After maximum response (E_. ) has reached, no further
increase in pharmacologic response is seen on increase in
concentration of the drug.

® ECy, 1s useful for determining drug concentration that lies
within the therapeutic range.

Emax




In case, there is a baseline effect i.e. the measured
pharmacologic effect has some value in absence of drug (e.g.

blood pressure, heart rate, respiratory rate) then the equation
becomes: I :

E :Eo +_?'£ N
\ EC,+C ..«%D)

e

where,

E, = Pharmacologic effect (baseline activity) at zero
drug concentration in the body

It 1s a saturable process and resembles the Michaelis-Menton
equation.

® A double<reciprocal plot of equation is used to linearize the
relation, similar to’Lineweaver-Burke equation.

.r’)y 1 EC 1
A = 0 4 )
E Em.axC Em ax| . a ﬁ

: eyl
-1AECg 1/C

Advantages &

® Maximum pharmacological response can be found out.

® ECs can be calculated (i.e., concentration needed to
produce half maximum response).
Limitations % |

@Wghly potent drugs it 1s not possible to find the
maximum effect because test organisms die long before the
maximum effect is attained.

® The method can be time consum.ing if maximum effect is
obtained at a very high concentration.



Cg. ExPloC\n 3"8"\0"\&.\\ Emay mode! P\L/PD

SIGMOIDAL E max MODEL

® Given by Hill. )
® It describes the pharmacologic response VeIsus drug
concentration curve for many drugs that appear t0 be S-
shaped (ie. Sigmoidal) rather than< hyperbolic _as
described by more simple E_,, model. '
® The equation for the sigmoid E_,,, Model is an extension
of the E_, Model: |
( E= E_C
{ EG,+C "] ="

__> n is an exponent describing the number of drug molecules
that combine with each receptor molecule.

When n=1, the Sigmoid E,,, Model reduces to the E_,, Model

® A value of n>1 influences the slope of the curve and the
model fit.

® In the Sigmoid E .. Model, the slope is influenced by the
number of drug molecules bound to the receptor.

® A very large n value may indicate (@llosteric or cooperative
offects in the interaction of the drug molecules with the

receptor.

® Cooperativity is the case when binding of substrate at on
binding site affects the affinity of other sites to their

substrates.

R
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.« Advantages ¢
® Maximum pharmacological response can be found out.

® ECsw can be calculated (i.e., concentration needed to
produce half maximum response).

Limitations ¢

® In case of highly potent drugs it is not possible to find the
maximum effect because test organisms die long before the
maximum effect is attained.

® The method can be tume consuming if maximum effect 1s
obtained at a very high concentration.
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Pharmacokinetic
Drug Interactions

Drug interactions are said to occur when the pharmacological activity
of a drug is altered by the concomitant use of another drug or by the
presence of some other substance. The drug whose activity is affected
by such an interaction is called as the object drug and the agent which
' prec:puates)such an interaction is referred to as the pre(:lpltant

———

Drug interactions include—
1. Drug-drug interactions.

2. Food-drug interactions, for-e*amp'l'crmh;bmoa—ef—membohun
l Pt ui ,

3. Chemical-drug interactions, for-ex&mple.—umﬂeﬁurof-rdmg
—with-alcohol, tobacco or environmental-chemieals. ..

4. Drug-laboratory test interaction, ﬁermmmn-of-dhg-
nestrctaborator—test-resuits-by—the-presenee-of-drug.

5. Drug-disease interactions, -&m
LonRdtioTby-dre-drug.

L ;l‘
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Pharmacokinetic Interactions :
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(i) Absorption interactions : are those where the absorption of the

» object drug is altered. The net effect of such an interaction is:
A e Faster or slower drug absorption |

* More, or, less complete drug absorption.
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(i) Distribution inter;:ctions

;;nmgi n_t::; it:ll:icct drug is altered. The major mechanism
raction 18 alteration in protein-drug binding.

€)< &m?\(‘ .

T

: are those where the distribution pat-

g
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(iii) Metabolism interactions : are those where the metabolism of: the
object drug is altered. Mechanisms of metabolism interactions

include—
e Enzyme induction : increased rate of metabolism

e Enzyme inhibition : decreased rate of metabolism. It is the
most significant interaction in comparison to other interac-
tions and can be fatal.
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(iv) Excretion interactions : are those where the excretion pattern of

the object drug is altered. Major mechanisms of excretion
interactions are—

e Alteration in renal flood flow W“-ﬂm

blecdHawurith lithiumg-
e Alteration of urine pH : &GM‘M

e Competition for active secretion : e-=probenieid-and-pent-

e Forced diuresis.

Cﬂmm‘)\”\

¢ Cimehdine —> Sneveel

’(ah\\‘c\‘“{‘ P\m’m levee |

€ ‘\ .\\ CU\‘\
Qb, \)J-LC\ 6\055) (B‘{t(')? ) oA bastc ob Jeud

dYVtt’ 9 rs\c '-(‘L
e Xﬁ\\‘}



. explain infnci ey e
A“U C\bfoff"hon it egum) \ey

f.Wu'tc} anSe P Fion

Interactions Affecting Absorption of Drugs
inistration Tﬁ‘é

—— e
_——>Altered absorption after oral administration: is’ very common:
intéraction may result in a change in the rate of absorptlon (an mcreln

or a decrease), a change in the amount of drug absorbed (an increase 0
decrease) or both. Several mechanisms may be involved in the alterati
of drug absorption from the GIT: In general, drugs that are not absorb

completely/rapidly are more susceptible to changes in GI absorption, '

~decrease in the rate of absorption is clinically significant in . acute
conditions such as pain where the drug is administered in a single dosc
but is of little importance for drugs used in chronic therapy.



An alteration in parenteral drug absorption is rare but can occur when
adrenergic agent such as adrenaline or a cholinergic drug such as
mihachOhﬂe is extravéscularly injected concomitantly with another drug.
These agents alter the systemic absorption of the latter due to vasocon-
striction or vasodilation.

Absorption interactions : are those where the absorption of the
object drug is altered. The net effect of such an interaction is:

e Faster or slower drug absorption
e More, or, less complete drug absorption.

Major mechanisms of absorption interactions are—
—=—""+ Complexation and adsorption.
e Alteration in GI pH.
e Alteration in gut motility.
e Inhibition of Gl enzymes.
e Alteration of GI zcroﬂora P

(Mm‘absarpuon syndrome
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1. Complexation and Adsorption

Tetracycline, Antacids, food and Formation of poorly
fluoroquinolones | mineral supplements soluble and unabsorbable
llkc mproﬂoxacm containing Al, Mg, Fe, complex with such heavy
Zn, Bi and Ca ions metal ions y
Cholestyrarmine sorption du |
| . ag rzldgb bm
v Hedh*g.{ [ :

P le :
e ox ol
ro n

2. Alteration of GI pH

Sulphonamides, Antacids ~ Enhanced dissolution and
aspirin‘ . . absorption rate |

%Wd Decrgasgd dissolation—and’ .
ycline bivdVdilbif |

3. Alteration of Gut Motility - | I} l

Aspirin, diazepam,  Metoclopramide Rapid gastric emptying; f.'
levodopa, lithium increased rate of absorpnon
carbonate, paraceta-

mol, ﬁf xiletine

@ ;



E! !!gg%ﬁlteratidn of GI Microflora
" Digoxin Antibiotics (erythro-
mycin, tetracycline)

Increased bioavailability due

to destruction of bacterial
flora that inactivates digoxin

!‘!l ‘! “‘H o in lower intestine

I;I';E { sonracsptivet— w

p1

"

1 Engalabsorption | Synid rome

! Vitami , o
- Vitamin A, Bi2, Neomycin Inhibition of absorption due

l,l 4 ng(r)xm | Eani:: cnir;-lrg!f;eévlf;?s) . to malabSOrptionISteatorrhoea
S o

o |
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Cl.Pharmacokinetics Pharmacokinetics of Drug Interactions

coadministration significarfly inhibited thé aromatization of
nifedi-pine to its major first-pass pyridine metabolite and
drolonged the elimination half-life by about 40% (). The
intetaction between quinidine ang’ nifedipine supports the
involvemenf of a common cytochfome P-450" (P450 3A4) in
the metabglism of the two drugs

3. Theophylline &learance /is decpéased by cimetidine: .
Controlled studies™ave £hown #iat cimetidine can decrease
theophylline plasma djéarangé by 20a€°40% (apparently b
inhibiting demethylagion)Prolongation of half-life by2 much
as 70% was found in e patients. Elevated theophylline

daily for 1 week increased the
diazepam  and nordiazepam
conceftrations gdde to a cimetidine-induced tgpairment in
micrbsormal ekidation of diazepam and nordiazagam. The
cohcurrénf administration of cimetidine caused a decrease in
tdtal Tnetabolic clearance of diazepam and its metabolite,

nordiazepam

INDUCTION OF DRUG METABOLISM

@ Cytochrome P-450 isozymes are often involved in the metabolic
oxidation of many drugs. Many drugs can stimulate the production

of hepatic enzymes. Therapeutic doses of phenobarbital and




Pharmacokinetics

Pharmacokinetics of Drug Interactions

other barbiturates accelerate the metabolism of (coumarin -
_anticoagulants such as warfarin and substantially reduce the
hypoprothrombinemic - effect. Fatal hemorrhagic episodes can
" result when phenobarbital is withdrawn and warfarin dosage
~ maintained at its previous level. Other drugs known to stimulate
drug metabolism include carbamazepine, rifampin, valproic acid,
" “and phenytoin. Enzymatic stimulation can shorten the elimination
' half-life of the affected drug. For example, phenobarbital can
- result in lower levels of dexamethasone in asthmatic patients
*.taking both drugs. o

P2 RN
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CL.Pharmacokinetics

Pharmacokinetics of Drug Interactiofi'

need to be considered carefully if there is a potential for a drug
interaction. .

Drug Interaction Exalgples (Precipitant Drugs) Effect (Object Drugs)

Glomerular filtration rate  MethylRanthines (eg, caffeine,
(GFR) and renal bload flow theobromige)

€ase time for reabsorption of Varfg‘h"j'y i'!
LI

drugs, leading to more rapid urinary e i

drug excretion I L hi b

4 4 Hif

Active tubular secretion Probenecid / Probenecid blocks the active tubular ‘,j e
/ secretion of penicilin and some it

cephalosporin antibiotics

e . ) 'xi’ |
Tubular reabsorption and Antacids, sodignf bicarfonate Alkalinization of the urine increases tthi-“

urine pH ra reabsorption of amphetamine and, 'i
y decreases its clearance i i

/ e i

P Alkalinization of urine pH increases thé
ionization of salicylates, decreases

reabsorption and Increases its clearancel‘ :

Dlet ‘ !
c By
Charcoal hamburgers Theophylline Ellunation half-hfe of theophyulnq;_ g li‘ii‘ 1i §
o decréases due to increased metabolis 1'1 1

Grapefruit Terfenadine, cyclosporin Blood levels of terfenadine and N

cyclosparine increase due to decreased

metabolhism : -iﬂ-iiiii! }1‘
M 1
Virus drug interactions :

i

. ! il .‘4'5 |
Aspinn In children exposed to ,c'ertéﬂ'i# FIJ
viral infections such as influenza B virus
leads to Reye's syndrome

INHIBITION OF DRUG METABOLISM i

el
—— Numerous clinical instances of severe adverse reactions as a "ii"“il!'fﬂ
result of drug interaction involving a change in the rate of drug ,
metabolism have been reported. Knowledge of pharmacokinetics = . - .
allows the clinical pharmacist to evaluate the clinical significance ;.
of the drug interaction. Pharmacokinetic models help to determine !‘“ |
the need for dose reduction or discontinuing a drug. In assessing -
the situation, the pathophysiology of the patient and the effect ~¢ = -

Reye's #ndrome Aspirin




CI Phal mac'okmetics: Pharmacokinetics of Drug Intoractions;

. chronic therapy on drug disposition in the patient must be

~considered. A severe drug reaction in a patient with live
impairment has resulted in near-fatal /reaction in subjects taking
otherwise safe doses of acetaminophen. In some patients with

injury or severe cardiovascular disease, blood flow may be

~ impaired, resulting in delayed drug absorption and distribution.
Many incidents of serious toxicity or accidents are caused by
premature administration of a "booster)/dose" when the expected
response is not immediately observed. Potent drugs such as
morphine, midazolam, lidocaine; pentothal, and fentenyl ,can
result in serious adverse reactions if the kinetics of multiple
dosing are not carefully assessed.

Examples ° Q“‘\ APr

Q ‘Fluvoxamine doubles the half-ife of diazepam: Fhe
of fluyoxa me on the pharmacokinetics-of-diazepam

oncurrent
a diazepdam
f diazeparr
d from 0.40"t6 0-14 mU/minfkg. The
to 118 hou
conceéentration tiopné/curve Afor t
7 fas _&
Amine’ treatmie -. fgse

1 2 biotransforpAation
ofidiazepam and its active N-demethylated metabolité.

@/ Qmmdme/ inhibits the metabolism of nifedipine and
other calcium channel-blocking agents: _Quinidine




Cl.Pharmacokinetics Pharmacokinetics of Drug Interactions

coadmipistration signjfiCantly/inhibitéd the aromatization ¢
i i ajor first-pass pyridine metabglite 4nd
imination’ half-life by about 40% () Th¢
ween quinidine and hifedipine sypports the
of a commyiph cytochrome P-450 (#4560 3A4) in

the metabolism of the two drugs

Theophylline clearance is decreased by m@gjﬂe_ P

4. etigine and diagzepant ipteractiom The administration
800" mg /of ciy tidi e daily for' 1 week/incfeased the
-state JE diazepam / angd ordigzepam
congentrafions’ dye to a Limefidine-indyced impajfment in
al oxidation of /diazepam /and nordiazepam./The
2‘0 current/adminjStrationy of cimetiding’ caused p decrease’in
total/ metabolic clearance /of diazepam and its metabolite,
nardiazepam

INDUCTION OF DRUG METABOLISM

> Cytochrome P-450 isozymes are often involved in the metabolic
oxidation of many drugs. Many drugs can stimulate the production
of hepatic enzymes. Therapeutic doses of phenobarbital and

a7)



ClPhaﬂO““ Pharmacokinetics of Drug Interactions

other barbiturates (accelerate the metabolism of coumarin
antlcoagulants such as warfarln and substantially reduce “the
\hypoprothrombmemlc effect. Fatal hemorrhagic episodes can
result when phenobarbital is withdrawn and warfarin dosage
maintained at its previous level. Other drugs known to stimulate
drug metabolism include carbamazepine, rifampin, valproic acid,
and phenytoin. Enzymatic stimulation can shorten the elimination
half-life of the affected drug. For example, phenobarbital can
result in lower levels of dexamethasone in asthmatic patients
taking both drugs.
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Inhibition of Biliary Excretion

» Drug interaction in the process of biliary excretion may effect the residence time:

and AUC of unchanged drug in plasma.
ST

: Drug interactions in biliary excretion:

——=o Drugs or often conjugated' and excreted in bile. Some
drugs are excreted in bile biotransformation.
Eg: In humans most water soluble drugs and
metabolites of relatively high molecular ® weight
(morethan/450) are excreted largely in the bile.

) .
——— o This excretion is mainly via transporters and possibility
exists for drug Interaction  with concomitant

administration.

A

——> o Conjugates such as/glucoronides/are often excreted in bile
and” deconjugated in the intestinal tract and reabsorbed

enterohepatic circulation.

> o Drug interaction in the process of biliary excretion may
" affect the residence time and AUC of unchanged dru

plasma.

Hepatobiliary drug interaction: .

> The co-administration of drugs which inhibit the transporter involved in biliary

excretion can reduce the biliary excretion of drug which are substrates of the

transporter, leading to elevated plasma concentration of drug, Eg; biliary and

urinary excretion of digoxin, both mediated by P-gp, are inhibited by/quinidine

which is a inhibitor of P-gp "—/
- ffrincﬂecnn is a component in chematherapy of advanced colorectal cancer, it is
mectabolized by carboxylase esterase -2 1o SN-38 (active metabolite) which iz
conjugated by uridine diphosphate glucoronide transferase | A | to the SN-38
glucoronide; PROBENECID inhibitor MR1*2  transporter resuliing in decreased
biliary cxcrelio; and increased plasma drug concentration
Decrease clcirg_ngg of drug through inhibition of‘P-gp lraﬁslates clinicn-ily into

increased AUC and increase in toxicity. T——
[ e

Examples:

i Decrease inlvincrisfineclearance in presence of verapamil

: . ' . . : '
Decrease ingpaclitaxel or etoposide clearance in presence of chromophore
T —"-.,._, !~
Decrease in(ctoposide or(doxorubicin:clearance in presence of cyclosporine
P~ - ik :

tQ

bd
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MEASUREMENT OF GLOMERULAR FILTRATION RATE (@? @

> Seyerajdrugsahd endggenous substapets hay
ure'GFR. These'markersare cafried t
refel art€ry-and gfe filtered at tllé glomgruius.

used. :Pke;it‘?h
idney4y the'tfood via the

Inulin, a fructose polysaccharide, used as a standard reference for the
measurement of GFR. In practice, however, the use of inulin involves a
time-consuming procedure in which inulin is given by intravenous
infusion until a constant steady-state plasma level is obtained. Clearance
of inulin may then be measured by the rate of infusion divided by the
steady-state plasma inulin concentration. Although this procedure gives
an-accurate value for GFR, inulin clearance is not used frequently in
clinical practice.

The clearance of creatinine is used most extensively as a measurement of
GFR. Creatinine is an endogenous substance formed from creatine
phosphate during muscle metabolism. Creatinine production varies with
the age, weight, and gender of the individual. In humans, creatinine is
filtered mainly at the glomerulus, with no tubular reabsorption. However,
a small amount of creatinine ma'y be actively secreted by the renal
tubules, and the values of GFR obtained by the creatinine clearance tend
to be higher than GFR measured by inulin clearance. Creatinine clearance
tends to decrease in the elderly patient. As mentioned in, the physiologic
changes due to aging may necessitate special considerations in |
administering drugs in the elderly. ‘



For Children (between 1 to 20 years),

Bty

( 0.48H [w1%7
{ Q= w
) — SC!‘ g S0 79
For Adults (above 20 years), - —
' ~ —Age)W
Males ¢ i, =140 Age)
' Ry S o
\ 140 - Age) W
Females, Cler = ( ge)

85S,,

=0.9.Cl, of Male

where, Cl¢, = creatinine clearance in ml/min,
S¢r = serum creatinine in mg%,
H = height in cms, and
W = weight in Kg.

/7 Clp = Rate of creatinine excretion
\ = —
Scrum creatinine in mg %
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Blood urea nitrogen (BUN) is a commonly used clinical diagnostic
laboratory test for renal disease. Urea is the end product of protein

“catabolism and is excreted through the kidney. Normal BUN levels range

from 10 to 20 mg/dL. Higher BUN levels generally indicate the presence of
renal disease. However, other factors, such as excessive protein intake,
reduced renal blood flow, hemorrhagic shock, or gastric bleeding, may
affect increased BUN levels. The renal clearance of urea is by glomerular
filtration and partial reabsorption in the renal tubules. Therefore, the
renal clearance of urea is less than creatinine or inulin clearance and does
not give a quantitative measure of kidney function.
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PHARMACOKINETIC CONSIDERATIONS

—> Uremic patients may exhibit pharmacokinetic changes in
bioavailability, volume of distribution, and clearance. The oral
bioavailability of a drug in severe uremia’ may be decreased as a
result of disease-related changes in gastrointestinal motility and
pH caused by nausea, vomiiing, and diarrhea. Mesenteric blood
flow may also be altered. However, the oral bioavailability of a
drug such as propranolol (which has a high first-pass effect) may

be increased in patients with renal impairment as a result of the
decrease in first-pass hepatic metabolism.

<> The apparent volume of distribution depends largely on drug

protein binding in plasma or tissues and total body water. Renal
impairment may alter the distribution of the drug as a result of



Dosage Adjustment in Renal and Hepatic

changes in fluid balance, drug protein binding, or other factors
that may cause changes in the apparent volume of distribution.

-——>The plasma protein binding of weak acidic drugs in uremic
patients is decreased, whereas the protein binding of weak basic
drugs is less affected. The decrease in drug protein binding
results in a larger fraction of free drug and an increase in the
volume of distribution. However, the net elimination half-life is
generally increased as a result of the dominant effect of reduced
glomerular filtration. Protein binding of the drug may be further
compromised due to the accumulation of metabolites of the drug
and accumulation of various biochemical metabolites, such as
free fatty acids and urea, which may compete for the protein-
binding sites for the active drug.

> Total body clearance of drugs in uremic patients is also reduced
by either a decrease in the glomerular filtration rate and possibly
active tubular secretion or reduced hepatic clearance resulting
from a decrease in intrinsic hepatic clearance.

—___,_,.> In clinical practice, estimation of the appropriate drug dosage
regimen in patients with impaired renal function is based on an
estimate of the remaining renal function of the patient and a
predicton of the total body clearance. A complete
pharmacokinetic analysis of the drug in the uremic patient is not
possible. Moreover, the patient's uremic condition may not be
stable and may be changing too rapidly for pharmacokinetic
analysis. Each of the approaches for the calculation of a dosage
regimen have certain assumptions and limitations that must be
carefully assessed by the clinician before any approach is taken.
Dosing guidelines for Individual drugs in patients with renal
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DS orTTags-irRenal-Divewse
——> In patients with renal failure, the half-life of a drug 18 m‘crc':aseddagd
its clearance drastically decreased if it is predominantly el‘umnate g
way of excretion. Hence, dosage adjustment should take into account
the renal function of the patient and the fraction of .unchangcd drug
excreted in urine. ‘
Exeretionrof Drugs.

There are two additional methods for dose adjustment in renal insuf-
ficiency if the V4 change is assumed to be negligible. These meth(_)ds
are based on maintaining the same average steady-state concentration
during renal dysfunction as that achieved with the usual multiple dosage
regimen and normal renal function. . - :

B # :Dose adjustment based on elimination rate,'c\onstant or half-
life ¢ ~~~m==._t~_- -7 the parameters to be adjusted in
renal insufficiency aggs

to be kept - assumed decreased needs
normal constant due to  adjustment
disease

Because of prolongation of half-life of a drug due to reduction )m
renal function, the time taken.to achieve the desired@plateantakes longer
the more severe the dysfunction. (Hence, such patienfs sometimes neeci

loading dose.

[~5
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—- In patients with renal failure, the half-life of a drug is in.crt?ased and
its clearance drastically decreased if it is predominantly e].mnnated by
way of excretion. Hence, dosage adjustment should take into account
the renal function of the patient and the fraction of unchanged drug
excreted in urine. One such method was discussed in chapter 6 on
Excretion of Drugs.

——> There are two additional methods for dose adjustment in renal insuf-
ficiency if the V4 change is assumed to be negligible. These methods
are based on maintaining the same average steady-state concentration
during renal dysfunction as that achieved with the usual multiple dosage
regimen and normal renal function. '

—,—%‘ Dose adjustment based on total body clearance : Buisiag
eqmﬁmﬂb&é,{thc parameters to be adjusted in renal insuffi-
ciency are shawa-Felow:

1 Xo

Fox Cly * ¢
) T T )
to be assumed decreased needs
kept constant due to  adjustment

N, A o = - Vi

If Clt', Xo' and T represent the values for the renal failure patient,
then the equation for dose adjustment is given as:

Rearranging in terms of dose and dose interval

equation is to be adjusted, the

NN\ . A\
From above equation, the regimen may be adjusted by reduction in
dosage or increase in dosing interval or a combination of both

inovers\ {d\\\&v\
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tion/ are presented
o gener inetic approaches for

later in this chapter.

dose adjustment inglude methods based on drug clearance and
methods based on the elimination half-life.

—) Several drugs and endogenous substances have been used as
markers to measure GFR. These markers are carried to the
kidney by the blood via the renal artery and are filtered at the
glomerulus. Several citera are necessary 10 use 2 T9

measure GFR:
@T he drug must be freely filtered at the glomerulus.

2)The drug must not be reabsorbed nor actively secreted by the
renal tubules.

6} he drug should not be metabolized.




Cl.Pharmacokineti Dosage Adjustment in Renal and Hepatic

o B den N

4) The drug should not bind significantly to plasma proteins.

5. The drug should not have an effect on the filtration rate nor
alter renal function.

6.)The drug should be nontoxic.

7.)The drug may be infused in a sufficient dose to permit simple
and accurate quantitation in plasma and in urine.

— Therefore, the rate at which these drug markers aré filtered from
the blood into the urine per unit of time reflects the glomerular
filtration rate of the kidney. Changes in GFR reflect changes in
kidney function that may be diminished in uremic conditions.

—=—) Inulin, a-fructose polysaccharide, fulfills most of the criteria listed
above and is therefore used as a standard reference for the
measurement of GFR. In practice, however, the use of inulin
involves a time-consuming procedure in which inulin is given by
intravenous infusion until a constant steady-state plasma level. is
obtained} Sterariceof inulinmay thep—be-measured DYINE :

—= The clearance of creatinine is used most extensively as a
measurement of GFR. Creatinine is an endogenous substance

formed from creatine phosphate during muscle metabolism.

Creatinine production varies with the age, weight, and gender of
satinine—i arsdo mainlv_aboth

the individual,Jln—hdinanes > isAilteredoma .
g W S A e ey

)
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Cl'Pha'mhcﬁlﬁ Dosage Adjustment in Renal and Hepatic

tubulgs, 4hd thé valuéy of BFR obtained by Jng creatjnine
cleatapice/ tefid/to Ke highér than/GFR megsurgd by ipulin
/Creétinifhe cleagance tends to/decrease in the elderl
pdtient/ Xs mengoned iy, the/p siologi anged dye to aging

aCessitafe special consigerations in_administering drugs in
the elderly.

- Blood urea nitrogen (BUN) is a commonly used clinical diagnostic
laboratory test for renal disease. Urea is the end product of
protein catabolism and is excreted through the kidney. Normal
BUN levels range from 10 to 20 mg/dL. Higher BUN levels
generally indicate the presence of renal disease. Howexer=ather

V.T- o ~iain - =
v HH 1S =erer U

Therefore, the renal clearance of urea is less than creatinine or
inulin clearance and does not give a quantitative measure of

kidney function. )

Under/normal circumgtances, creatinine

equal to cre tinine /excretion, so fthe
a patjent with /reduced glo
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¢ Inulin, a fructose polysaccharide, used as a standard reference for the
measurement of GFR. In practice, however, the use of inulin involves a
time-consuming procedure in which inulin is given by intravenous "
infusion until a constant steagly-state plasma level is obtained. Clearance B
of inulin may then be measured by the rate of infusion divided by the
steady-state plasma inulin concentration. Although this procedure gives
an accurate value for GFR, inulin clearance is not used frequently in
clinical practice.

Advantage:

~» — Most accurate ' L i|
__ > - Represents the standard to measure GFR!

_used in processed foods because it has unusually adaptable _ x
characteristics

Disadvantages:  n

———> - Intestinal discomfort, including flatulence, bloating, stomach al
noises, belching, and cramping, "

_——> -Diarrhea
> Anaphylactic allergic reaction (rare) - inulin is used for GFR testing,

and in some isolated cases has resulted in an allergic reaction,
possibly linked to a food allergy response

L

W I for EHaT assessment
'y
‘l

L1



The clearance of creatinine is used most extensively as a measurement of
GFR. Creatinine is an endogenous substance formed from creatine
phosphate during muscle metabolism. Creatinine production varies with
the age, weight, and gender of the individual. In humans, creatinine is
filtered mainly at the glomerulus, with no tubular reabsorption. However,
a small amount of creatinine may be actively secreted by the renal
tubules, and the values of GFR obthined by the creatinine clearance tend
to be higher than GFR measured by inulin clearance. Creatinine clearance
tends to decrease in the elderly patient. As-nrentioned-ins-the physiclogic

—changesdue to aging-may.necessitate specielconsiderations.in
administering'drugsin=the-elderly.

Advantage:

—>_ A)ltis a normal metabolite of the body
== — B)Itdoes not require LV. administration
_—_~> — C)Estimation of creatinine is simple

P et

— DMoreseie ctages iURasgoL all fvaniage over SiCreatinine

Disadvantages:

——> . Estimate of GFR

_——— - 10% is secreted by renal tubules
___—, = Secretion increases as kidney function decreases.

—

- Secretion of creatinine is dependent on renal
function

r

- 4 » gy
= -Na¥zoirected for body suriacg ared

—
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* Blood urea nitrogen (BUN) is a commonly used clinical diagnostic
laboratory test for renal disease. Urea is the end product of protein
catabolism and is excreted through the kidney. Normal BUN levels range
from 10 to 20 mg/dL. Higher BUN levels generally indicate the presence of
renal disease. However, other factors, such as excessive protein intake,
reduced renal blood flow, hemorrhagic shock, or gastric bleeding, may
affect increased BUN levels. The renal clearance of urea is by glomerular
filtration and partial reabsorption in the renal tubules Fherefore-the

~renal-clearance of urea is tess.than-sred Treircleu e 26
netgive a quahmatwe"’fmsum‘sf'k‘mamn

Advantage:

—

—_—

——> « Imperfect marker of + GFR
> = Marker for adequacy of protein intake™

~ = Marker for presence of uremic toxins in
chronic renal failure ~

Disadvantages:

——) .« bleeding at the puncture site

.——"—é . DIuts o Gt ;.’v\_': ;..L/HL Sl
o
——) .« accumulation of bl,dc}under the skin

-
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EFFECT OF HEPATIC DISEASE ON PHARMACOKINETICS

____"> Drugs are often metabolized by one or more enzymes located in
cellular membranes in different parts of the liver. Drugs and
metabolites may also be- excfete) by biliary secretion. Hepatic
disease may lead to drugﬁééﬁrﬁﬁiétion,«failure to form an active
or inactive metabolite, increaséd bioavailability after oral
administration, and other effects including possible alteration in
drug protein binding, and kidney function.

PP U ——

——> The major difficulty in estimating hepatic clearance in patients
with hepatic disease is the complexity and stratification of the liver
enzyme systems. In contrast, creatinine clearance has been used
successfully to measure kidney function and renal clearance of
drugs. Clinical laboratory tests measure only a limited number of
liver functions. Some clinical laboratory tests, such as the
aspartate aminotransferase (AST) and alanine aminotransferases
(ALT), are common serum enzyme tests that detect liver cell
damage rather than liver function. Other laboratory tests, such as
serum Dbilirubin, are used to measure biliary obstruction or
interference with bile flow. Presently, no single test accurately
assesses the total liver:function. Usually, a series of clinical
laboratory tests are used in clinical practice to detect the

presence of liver disease,

=

_a distinguish among different types of liver disorders, gauge the
extent of known liver damage, and follow the response to
treatment. A few tests have been used to relate the severity of
hepatic impairment to predicted changes in the pharmacokinetic
profile of the drug <EASwdanee eistn=2083). Examples
of these tests include the ability of the liver to eliminate marker
drugs such as antipyrine, indocyanine green, monoethylglycine-

@did/e, and galactose. Furthermore, endogenous substrates
such as albumin or bilirubin, or a functional measure such as

prothrombin time, have been used for the evaluation of liver

impairment.
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Creatinine clearance

> (Creatinine clearance may be defined as the rate of urinary excretion of creatinine/serum
creatinine. Creatinine clearance can be calculated directly by determining the patient's
serum creatinine concentration and the rate of urinary excretion of creatinine. The
approach is similar to that used in the determination of drug clearance)la.pmeﬁuy-lhe
seruwgrereatinine concentrationis dmmﬁﬁe&ammmmn
periad.andihe-rate-of trinary-exeretion-of creatinine.is.measured facthe-entireday-(24-hr)p
to Obtdin a reliable-excretion rate(Creatinine clearance is expressed in mL/min and serum
creatinine Concentration in mg/dL or mg%,
Cwﬂﬂﬂﬂgamgenuammmgajgd_mﬁmmeaﬂnm%&mnmmmﬁmhﬁmr

~—> The following equation is used to calculate creatinine clearance in
mL/min when the serum creatinine concentration is known:

rate of urinary excretion of creatinine

serum concentration of creatinine

Where, C Cr = creatinine concentration (mg/dL) of-the=serarm-taat

V = volume of urine excreted (mL) in 24 hours,

C u = concentration of creatinine in urine (mglmL),@l

Cl Cr = creatinine clearance in mL/min

For Children (between 1 to 20 years),

Males,

(140 - Age) W
Females, Cler = 85S,,

=0.9.Cl of Male

where, Cler = creatinine clearance in ml/min,
S, = serum creatinine in mg%,
H = height in cms, and
W = weight in Kg.

Age is measured in years.

(15
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PERITONEAL DIALYSIS

» Introducing dialyzing fluid into the peritoneal cavity via a\catheter jnd
after a period, the fluid is drained and discarded.

Principle: osmosis and diffusion

» The process uses the patient's peritoneum jn the abdomen as a
membrane across which fluids and dissolved substances
(electrolytes, urea, glucose, albumin and other small molecules) are

exchanged from the blood.
» Membrane restricts the movement of formed elements

(eg.erythrocytes) and large molecules (eg.protein) but allows the

movement of smaller molecules according to the conc gradient.
; ’(‘ v
Car e T
Techniques used for peritoneal dialysis: -
e Manualiintermittent peri.dialysis

o Automated cycler intermittent peri.dialysis
e Continuous ambulatory peri.dialysis

Peritoneal Dialysis solution:

» Sodium chloride 5.6g

= Calcium chloride 0.26g

= Magnesium chloride 0.15g
« Sodiunflactate 5.0g

=~ Anhydrous glucose 13.60g
= - Water forinj. To 1000ml

LI



Advantage:

» regular visits to a dialysis uni Krent required and it can be carried out
at home without needing any ‘bulky haemodialysis equipment.

» There are also fewer restrictions on diet and fluid intake for people
having peritoneal dialysis, compared to those having haemodialysis.

» Simple to set up & perform

> Easy to use in infants

» Hemodynamic stability

> No apti ydlagion
> apseverg hypo/hyperthermia

Disadvantage:

> it needs to be carried out every day which you may find very
“disruptive.

»> the dialysis fluid used can cause a reduction in protein levels, which
can lead to a lack of energy and, |n some cases, malnutntlon

» Unreliable ultrafiltration

» Slow fluid & solute removal

» Drainage failure& leakage

» Respiratory compromise

> k ia

> - /

>Nt good forintexiatien
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The Giusti—Hayton (1973) method

« The Giusti-Hayton~(1973) method assumes that the effect of reduced
kidney function on the renal portion of the elimination constant can
be estimated from the ratio of the uremic creatinine clearance, C/“

to the normal creatinine clgarance, CIN .
. ( k”,/k"‘:CI”c,/CI”C, )

» where
* kU _isthe uremic renal excretion rate constant,

e kN _is the normal renal excretion rate constant.

« Because the overall uremic elimination rate constant, k ,, is the sum

of renal and non-renal elimination

K=kunr+kNr (C’uCr/CINCr) >

* Dividing Equation by k “ on both sides yields

e Let fe=kN /k, - fraction of drug excretedunchanged)in the urine
and1-fe=k"_ /k,-fraction of drug excreted by ponrenal routes.

—

into Equation yields the Giusti-Hayton equation, where
i-Hayton factor, which can be calculated from the fe and

nce.

» Substitution
G is the Giust
the ratio of uremic to

« Ku/K, =(1-fe) + fe (ClYey/ Cl N

« Ku/Ky = 1-fe (1- IV /CIN )= G



(). Destrie wagner madwse) € - dose

Qo) J wibrenh

rance in this patient has decreased 1o
mL/min. Calculate the appropri-
ramycin for this-patient.

Obtain fe = 0.9 from the literature (s
and apply Equation 21.27:
Cl,
Cl

The Wagner Method

The methods for renal dose adjustment discussed in
the previous sections assume that the volume of
distribution and the fraction of drug excreted by
nonrenal routes are unchanged. These assumptions
are convenient and hold true for many drugs.
However, in the absence of reliable information
assuring the validity of these assumptions, the equa-
tions should be demonstrated as statistically reliable
in practice. A statistical approach was used by
, Wagner (1975). who established a linear relation-
ship between creatinine concentration and the first-
order elimination constant of the drug in patients.
The Wagner method is described in greater detail in
" the third edition of this book.
This method takes advantage of the fact that the
elimination constant for a patient can be obtained
" from the creatinine clearance, as follows:

| k% =a + bCl,
_—

The values of a and b are_determined statisti-
cally for each drug frompoole Jdata on uremic
patients. The method is simple to use and should
"provideﬁcuratp determination of elimination con-
stants for patients when a good dinear relationship
rexisls between elimination constant and creatinine
) concentration. The theoretical derivation of this

approach is as follows:
.app

k% = total elimination rate constant
k = nonrenal elimination rate constant (%)
nr

N Wi € Pattench

k. = renal excretion rate constant
C1 = total body clearance of drug

—> th Equation 88 can also be used with drugs that

follow the two-compartment model. In such cases the
terminal half-life is used and b, the terminal slopg of
elimination curve, is substituted for the elimination
raie constant, k. Since the equation assumes a con-
stant nonrenal elimination constant (k) and volume
of distribution, any change in these two parameters
will result in an error in the estimated elimination
constant.
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HEMODIALYSIS

creatinine and urea, as

waste products such as
ys are in renal failure.

» The method for removing
blood when the kidne

well as free water from the

Principle:

olves diffusion of solutes across a semipe rmeable Membrané

e inv

How Does Hemodialysis Work?
od out of the body, mixed with

h a filter called dialyzer.
s blood from the

» A dialysis machine p"ump’sﬁ'small blo
ated throug

anticoagulant and circul
ous-artificial membrane separatée

» inside the dialyzer,'a por
dialysis fluid (dialysate) -.
» diffusion of extra fluid and wastes from the blood into the dialysate

» purified blood is then pumped back into the body.
» Membrane is permea all ions but is impermeable to

blood cells,lipids, or plasma
» utilizes counter current flow,ie.
to blood flow in the extracorpor
» Counter-current flow maintains t

and increases the efficiency
entis

ble to water and sm

proteins

dialysate is flowing in the opposite direction

eal circuit.
he conc. gradient across th

of the dialysis.
lower than blood Compartment

e membrane at

a maximum

» Pressure in the dialysate compartm

Types of hemodialysis:

° conventionalhemodialysis

. dai/lybemodialysis
v (ﬁ/octurnayhemodialysis



How is blood removed and replaced?

o An intravenous catheter’
o An-arteriovenous (AV) fistula )
o A synthetic graft

Applications:

» Mainly used in chronic renal failure and in poisoning by certain agents such
as salicylates, phenobarbitone, methgnol,ethylene glycol and lithium.



Pharmacogenetics

although its role |n extruding drugs ou enterocytes is still
uncertainl. me gubst overlap between MRP1 and
located” P-gly ein. The aminoacid homology
betwgen 1 and P-glycoprotein was reported to be 15% in

some cell lines.

£r)

GENETIC POLYMORPHISM IN DRUG TARGETS
L

In the future, proteins involved in disease will become identified
as important biomarkers for pharmacodynamic studies. Genomics
has led to the development of . proteonomlcs which involves the
study of biologically interesting protems and their variants.
Proteins can be used as probes for drug discovery or as
biomarkers for drug safety, such as cell surface proteins (eg,
COX-2, D-2R), intracellular proteins (eg; troponm 1), and secreted
proteins (eg, MCP-I). '

The physiologic response of the body to a drug is generally the -
result of interaction of the drug at a specific target site in the body.

It is estimated that about 50% of drugs act on membrane
receptors, about 30% act on enyzmes, and about 5% act on ion
channels §. Many of the genes encoding these target proteins
exhibit polymorphisms that may alter drug response. Clinically
relevant examples of polymorphism leading to variable responses
are listed in . For example, the -2-adrenergic receptor, and its
common mutation of ArgGly 3t amino acid 16, greatly reduces the
bronchodilator response of albuterol

|'Z5
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Pharmacogenetics

CiiiTeally Important Genetic Polymofp

Transporters

|-

hisms of Drug Targets and Drug |

Gene Frequency Dru Drug Effect

Increased concentrations of
digoxin in plasma

Multidrug resistance gene  24%
(MDR1)

goxin

Beta-2 adrenergic receptor
gene (24R)

Albuterol
drenergic agonists

Sulphonylurea recep Tolbutamide

gene (SURL)

insulin response

Decreased response to Beta-2

Five genes cgd‘ﬁg for 18C" 2% Antiarrhythmics, terfenadine, Sudden cardiac death due to
cardiac ion channels many other drugs long-QT syndrome

9 The systematic identification and functional analysis of human
genes is changing the study of disease processes and drug
development. Pharmacogenetics enable clinicians 'to make
reliable assessments of an individual's risk of acquiring a
particular disease, be more specific in targeting drugs, and
account for individual variation of therapeutic response and
toxicity of drugs

t&‘—‘—?_"—'_
PHARMACOKINETICS/IPHARMACODYNAMICS (PK/PD)

CONSIDERATIONS AND
PHARMACOGEMNETICS/PAARMACOGENOMICS(PGT/PGX

The sgtudy of/drug ipferactions/and PGt/PGx has revealed that
many  upexpectec pharmacodynamic  responses  and
pAarmacgkinetigvariations’among individuals during drug therapy
invalve/genglic factors! These genetic factors contribute to
variation at many leyels, including drug transport, metabolism,
and interaction at thgf receptor site.




B. vcibe plymeghism I ND2DE an
209 Sy mey

Cl Pha'rmacolgmetlcs Pharmacogenetics

GENETIC POLYMORPHISM IN DRUG METABOLISM:
CYTOCHROME P450 ISOZYMES;

@ cvp2pe

—= CYP2D6 () is a large isozyme family that affects metabolism of
many drugs. CYP2D6 is highly polymorphic.

More than 70 variant alleles’of the CYP2D6 locus have been
reported. The metabolism of the tricyclic antidepressants
amitriptyline,.  clomipraming;  -desipramine, ; imipramine,
“nortriptyline, and the tetracyclic compounds maprotiline and
“mianserin is influenced by the CYP2D6 polymorphism to various
degrees. Genetic polymorphism of CYP2D6 was first investigated
with debrisoquine 4}. Poor metabolizers often carry two
nonfunctional alleles of this gene, resulting in reduced drug

clearance.

— Since about 10% of the population are poor CYP2D6
metabolizers, CYP2D6 drug candidates are often dropped from
further development by researchers in favor of others @. Poor
metabolizers have increased plasma concentrations of tricyclic
antidepressants when given recommended doses of the drug.
Adverse effects may occur more frequently in poor metabolizers
and may be misinterpreted-as symptoms of depressign and may
further lead to ~erroneous increases in the dose. When
determining CYP2D6 metabolic status (Steveewersus—wfast
-etabolizers) in patients on tricyclic antidepressants, co-
administration of other CYP2D6 substrates such as serotonin-
selective reuptake inhibitors may result in erroneously concluding
poor CYP2D6 metabolic status.

| F



netics

e R
Cl.Pharmacoki

Pharmacogenetics

__> In contrast, (1 ultrarapid, metabolizers have relatively fast drug
ulirarapid :

metabolism due to the presence of more enzyme or mcreasgd

enzyme activity. Patients in this group are prone to t_herapeutlc

failure due to the resuiting subtherapeutic drug concentrations

when "normal” doses are given)Pharmacogenomnc-shséles—have

f

o

H eq 4(-'

:

engyme.
@ CYP2C9

,.——? Still another example of a clinically important drug metabolism
polymorphism is the association of variant alleles of CYP2C9 with
the requirement for lower warfarin dose. In a retrospective study
of a population from an anticoagulant clinic, the CYP2C9 alleles
associated with decreased enzyme activity (&esm=9) were found

to be overrepresented in patients stabilized on low doses of

warfarin. These patients had an increase incidence of major and
minor hemorrhage. '

linelthat are partly
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INTRODUCTION TO BAYESIAN THEORY

—Bayesian theory was originally developed to improve(forecast

<__accuracy-by combining subjective prediction with improvement
from newly collected data. In the diagnosis of disease, the
physician may make a preliminary.diagnosis based on symptoms
and physical examination. Later, the results of laboratory tests are
received. The clinician then makes a new diagnostic forecast
based on both sets of information. Bayesian theory provides a
method to weigh the prior information (es. ehysicaldiagnesis) and
new information (eg, i=sults from-iaboratoretests) to estimate a
new probability for predicting the disease.

—> In developing a drug dosage regimen, we assess the patient's
medical history and then use average or population
pharmacokinetic parameters appropriate for the patient's
condition to calculate the initial dose.After the initial dose, plasma
or serum drug concentrations are obtained from the patient that
provide new information to assess the adequacy of the dosage.

——>The dosing approach of combining old information with new
involves a "feedback" process and is, to some degree, inherent in
many dosing methods involving some parameter readjustment
when new serum drug concentrations become known. The-

advantage of the
> Bayesian approach is the improvement in estimating the patient's

pharmacokinetic parameters based on Bayesian probability
versus an ordinary leas(squares based program. An example
comparing the Bayesian method with an alternative method for

\249
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parameter estimation from some simulated the eophylllne data will

be shown in the next section. The method is particularly useful
when only a few blood samples are available.

and infrasubject, variability , the pharmagcc kinefic
dual patieplt mist be/estitated /gt npqézd

o/ of inknpwn /ra error, (ASE s,; etc),
d vdriablgs sych / clearaﬁ '/ eight, apd
and possibie s J l.' moae BEFFOr.
—> From knowledge of mean population pharmacokme IC parameters
and their variability, Bayesian methods often employ a special

weighted least-squares (WLS) approach and allow improved

estimation of patient pharmacokinetic parameters when there is a
lot of variation in data. e

—ﬁtBayesran probabrlrty is used to improve forecasting in medlcrne/
its yse in-the diagnosis.-of healed. myocardia

n a”12-ledd elegtfocardiogram (ECG) by
f u;uig the ,B’ayesran concept.~Bayesian
rable ‘to those of an experienced electro

; eory is applie . -
icin _concentratio

400
'7 t ic™ apphcat . {Bayesian
parameter estimations were most frequently used for drugs with
narrow therapeutic ranges, such as the aminoglycosides,
cyclosporin, digoxin, anticonvulsants (especially phenytoin),

_ . . - - ee——
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lithium, and theophylline)'phe—&eehniq-uem'bmﬂeﬂdﬂd-
have also-beerr USetto-fimit-the-number-ef-samples—+eq uired in
Conatol ciretic ST " ' N
— > The main disadvantage of Bayesian methods is the subjective
selection of prior probability. Therefore, it is not considered to be
unbiased by many statisticians for drug approval purposes.

Population Pharmacokineti

\ DAPTIVE METHOD OR DOSING WITH FEEDBACK

<> In dosing drugs with narrow therapeutic ratios, an initial dose is
calculated based on mean population pharmacokinetic
parameters. After dosing, plasma drug concentrations are
obtained from the patient. As more blood samples are drawn from
the patient, the calculated individualized patient pharmacokinetic
parameters become increasingly more reliable. This type of
approach has been referred to as adaptive, or

Bayesian adaptive method with feedback when a spacial
extended least-squares ‘algorithm is used. Many ordinary least-
squares computer software packages are available to clinical
practice for parameter and dosage calculation . Some software
packages record medical history and provide adjustments for
weight, age, and in some Ccases, disease factors. A common
approach is to estimate the clearance and volume of distribution
from intermittent infusion (). Abbottbase Pharmacokinetic
Systems (4S86<2EbFag®) is an example of patient-oriented
software that records patient information and dosing history based
on 24-hour clock time. An adaptive-type algorithm is used to

(13
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estimate pharmacokinetic parameters. The average population
clearance and volume of distribution of drugs are used for initial
estimates and the program computes patient-specific C/ and Vp
as serum drug concentrations are entered. The program accounts
for renal dysfunction based on creatinine clearance, WhICh IS
estimated from serum creatinine concentration using the Cockroft
Gault)equatnon The software package allows specific parameter
estimation for digoxin, theophyl_llne and aminoglycosides,
although other drugs can also be analyzed manually.

Many /least-squares (LS) and weighted-least-squares (WLS)
algorithms are available for estimating patient pharmacokinetic

parameters. Their common objective involves estimating the
parameters with minimum bias and good prediction, often as
evaluated by mean predictive error. The advantage of the
Bayesian method is the ability to input known information into the
program, so that the search for the real pharmacokinetic
parameter is more /efficient and, perhaps, more precise. For
example, a drug is administered by intravenous infusion at a rate,
R, to a patlent The drug is infused over t hours Q@aybe8.5

ars-fors 3 mer . The patient's clearance, C/ 1. may be
eshmaled fropy plasma drug concent'atuon/téken at a knowr time’
aécorghng to, 4 one-compartment-model equation. simulated a set
of tr)eOphylllne data /and estimated parameters from the data
two-serym concentrauons assuming different
e “inyestigatc ors tested the method with a

with an ordi{iary least-squales {rﬁethod,

vanabﬂ eS
Béayesn na

dBJo!;s’.
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% ANALYSIS OF POPULATION BHARMACOKINETIC DATA

>Traditional pharmacokinetic studies involve taking multiple blood
samples periodically over time in a few individual patients, and

characterizing basic pharmacokinetic parameters such as k, Vp,
-and CI; because the studies are generally well designed, there
are fewer parameters than data points (ie;*that-provide suffrcent
- degree-~of-freedoni v reflect - 1ack of fit-of-the-meded), and the
parameters are efficiently estimated from the model with most
least-squares programs. Traditional-pharmascekinetic-parameter

Leshmation-is-very accurate, provided -that-enﬁugh'm'pi-ee-can_be
takggﬁorme;mdmdual patient, Thie clsacvantage-ts- that-only- a
few relatively. hemogeneous hZaitiiy subjects~are~ineluded—-in :
phammacokifefic studies, from which dosing in different“patients
reust.be-projected.

—> In the clinical setting, patients are usually not very homogeneous;
patients vary in sex, age, body weight; they may have

concomitant) disease and may be recewmg mu|t|ple drug
treatments,) st ’ yIe, €




Population Pharmacokinetics

/

Afte vital infprmatign
dpags in patients/ At
pHus/therapies £an only be
or from a'cgliection of pogled

3 Using o|eta erg”reviewed by gn@ includ

mary of pgpulation pharpracokipétics for dozens
Pharmacokingtic /analySis /of petled date
concentratign ffom @' lagde grotp of sybjects
informafigh gbout the dispogition of 3drug in 2 populak
data Argm /an ipQiyidual Subject gbllecteg/over tife, inter-
intrasubijéct vafiations /Must be gonsideréd. Botr'pharma
ahd Ngnphafmacokinetic fa i
cretinine/gonceritration,
défermine the relevange to
paramgters.

===> The nonlinear mixed effect model (or NONMEM) is so called
because the model uses both fixed and random factors to
describe data. Fixed factors such as patient weight, age, gender,
and creatinine concentration are assumed to have no error,
whereas random factors include inter- and mtralndlvndual
differences. NONMEM is a statistical program written mrFortran
(g===) that allows Bayesian pharmacokinetic parameters to be
estimated using an efficient algorithm called the first-order (FO)
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method. The parameters may now be estimated also with a first-
order conditional estimate (FOCE) algorithm,) it
pharmacgkineiic , parameters, ma example
hihsyta Aata/ifaye békn AnalyZed 16/ détefmine

fplicativel goefficlerits (of pgrapiesery 1or'p may
alsobe estimated.

(NONMEM fits plasma drug concentration data for all subjects in
the groups -Simultaneously’ and estimates the population
parameter and its variance. The parameter may be clearance
and/or VD)

concentration.

-——) The model describes the observed plasma drug concentration (C
i) in terms of a model with:

1. Pk= ﬁxegi effect parameters, which include pharmacokinetic
parameters or patient factor parameters.

F ampple, 1 é‘CICP 2 i, the Itiplic tivelzcz@gnt
inclugding creat{nine ona 'Pés/the iplicative fficient
or weight.

2. Random effect parameters, including @) the variance of the
structural#¥=%in) parameter P k or intersubject variability
within the population 2 k; and @) the residual intrasubject
variance or variance due to measurement errors, fluctuations
in individual parameter values, and all other errors not
accounted for by the other parameters.

(59
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—> There are generally -two reliable and practical approaches to
~population pharmacokinetic data analysis. One approach is the
- standard two-stage (STS) method, which estimates

parameters from the plasma drug concentration data for an
|nd|wdual subject durmg the first stage Th&e&&uml

unknown factors that affect the response in one patient will not
carry over and bias parameter estimates of the others.

__— A second approach, the first-orcder (FO) method, is also used

but is@erhap ags well-Hadersttmmri—The -gstimation proceduse
i based weaesininimization—of——2 sxdended—least-sguares

iterion, whteh—was_dehRtesigough Sige 2R Al -
expansion—of-the _response veecterapestthe—fixed—effects—and
yvhich utilizeda—Newten-Raphson=tike—aigerithl® This method

attempts to fit the data and partition the unpredictable
differences between theoretical and observed values into
random error terms. When this model includes concomitant
effects, it is called a mixed-effect statistical model
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&’ The Nonlinear Mixed-Effects Modeling Approach
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» When properly performed, population PK studies in patients combined with
suitable mathematical/statistical analysis, for example, using nonlinear mixed-
effects modeling, is a valid, and on some-occasions, preferred alternative to
extensive studies. In sparse data situations, where the traditional two-stage
approach is not apphcable because estimates of individual parameters are, a
“priori,/out of reach, a single-stage approach, such as nonlinear mixed-effects
modeling, should_be used. Yhe medt Y ey Lok Tkl ard Yundom

—s The NoNmEM 1§ s cN\s) bt“x‘*"""* fakors Yo degtribe Al

» In the context of drug evaluation, the nonlinear mixed-effects modeling
approach developed from the recognition that, if pharmacokinetics and
pharmacodynamics are to be investigated in patients; pragmatic~
considerations dictate that data should be collected under less s stringent,and
restrictive design conditions. This approach considers the population study
sample, rather than the individual, as a unit of analysis for the estimation of
the distribution of parameters and their relationships with covariates within the
population. The approach uses individual pharmacokinetic data of the
observational (expesssental) type, which may be sparse, unbalanced, and
fragmentary, in addition to, or instead of, conventional pharmacokinetic data
from traditional pharmacokinetic studies characterized by rigid and extensive
sampling design (denes=date-siteadian). Analysis according to the nonlinear
mixed-effects model provides estimates of population characteristics that

define the population distribution of the pharmacokinetic (andéer
phermamodFaemis) parameter

-y

» In the mixed-effects modeling context, the collection of population
characteristics is composed of population mean values (defived=frarmsfixed-
effectsraranieters) and their variability within the population (gesesalluthe
~Erisnce-covariancevalles desived-from=random-cfiecte-paremeters). A

nonlinear mixed-effects modeling approach to the population analysis of
pharmacokinetic data, therefore, consists of estimating directly the
parameters of the population from the full set of individual concentration
values. The individuality of each subject is maintained and accounted for,

even when data are sparse. RrermeteffectsTrodetrapproacksis
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Sampling Designs used in population pharmacokinetics
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Si'ngle-Trough Sampling Design:

> In the single-trough sampling design, a single blood sample is obtained
from each patient at, or close to, the trough of drug concentrations,
shortly before the next dose, and a frequency distribution of plasma or
serum levels in the sample of patients is calculated. Assuming that the
sample size is large, the assay and sampling errors are small, and the
dosing regimen and sampling times are identical for all patients, a
histogram of the troughjscreen will give a fairly accurate picture of the
variability in trough concentrations in the target population. If the three
conditions are not met, a histogram will not represent strict
pharmacokinetic variability because the data will include other sources of
random fluctuation that significantly contribute to the observed spread.
When related to therapeutic outcome and occurrence of side effects, such
histograms can provide information about the optimal concentration

range of a given drug.

» The relationship between patient characteristics and trough levels can be
explored using simple statistical procedures. such as multiple linear

| regression. Although simple, the trough (pharmecakinetie) screen can

yield information about apparent clearance, but not about other

parameters of interest. Components of variability — interindividual and

residual variability — cannot be separated)’l‘-h—i-s-mcfhed—wﬂ—rdenﬂ-@-;
., s . . . r
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Multiple-Trough Sampling Design:
—
» In the multiple-trough sampling design, two or more blood samples are
obtained near the trough of steady-state concentrations from most or all

patients. In addition to relating blood concentration to patient ,
characteristics, it is possible now to separate interindividual andtesidual

variabilities. Since patients are studied in greater detail in this desig_,ﬁ: the
design requires fewer subjects, and the relationship of trough levels to
patient characteristics can be evaluated with greater precision. To
estimate interindividual variability in clearance, nonlinear mixedeffects
modeling should be used) i T eH
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/3>F ull Population PK Sampling Design:
—/

> The full population PK sampling design is sometimes called experimental
population pharmacokinetic design or full pharmacokinetic screen. When
using this design, blood samples should be drawn from subjects at various
times (typically 1 to 6 time points) following drug administration. The
objective is to obtain, where feasible, multiple drug levels per patient at
different times to describe the population PK profile. This approach
permits an estimation of pharmacokinetic parameters ol the drug in the
study population and an explanatign of variability using the nonlinear
mixed-effects modeling approach. ' ' ing
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A. The Tw&Stage Approach ‘g
:__/_——W
<= The traditional method of pharmacokinetic data analys

first stage of this approach involves the estimation of p .
nonlinear regression using an individual's-dense¢oncentration-time data (datessich

siwmion). Individual parameter estimates obtained during the first stage serve as input
data for the second-stage calculation of descriptive summary statistics on the sample,

is uses a two-stage approach. The
harmacokinetic parameters through

typically, mean parameter estimates, variance, and covariance of the individual parameter
estimates. Analysis of dependencies between parameters and covariates using classical
statistical approaches (K i s i ' rsts) can
be included in the second stage. The two-stage approach, when applicable, can yield
adequate estimates of population characteristics. Mean estimates of parameters are
usually unbiased, but the random effects (xzTignee-and-covarianee) are likely to be
overestimated in all realistic situations (@s8). Refmements-have hoenproposed-e.g.,
ereld N OQ-SIA8E g LA R R P -0 QLLE

Dfoadedd :.;!.III"IIII"I'-IU'-—--“
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The two-stage approach has been applied in the new drug development and evaluation
process for more than 20 years, and because it is described elsewhere, it will not be
comprehensively discussed in this document.

B. The Nonlinear Mixed-Effects Modeling Approach

—_— .
When properly performed, population PK studies in patients combined with suitable
mathematical/statistical analysis, for example, using nonlinear mixed-effects modeling, is a
valid, and on somecoccasions, preferred alternative to extensive studies. ln@pérse data
situations, where the traditional two-stage approach is not applicable because estimates of
individual parameters are, a priori, out of reach, a single-stage approach, such as nonlinear
mixed-effects modeling, should be used.

In the context of drug evaluation, the nonlinear mixed-effects modeling approach

developed from the recognition that, if pharmacokinetics and pharmacodynamics are to be
mveshgaW@pnts@agmatje considerations\dictate that data should be collected
under less/Stringentand (festrictive design iti i i

Stringent. C_’_/ trictive design conditions. This approach considers the

3 Iilih



population study sample, rather than the individual, as a unit of analysis for the estimation
of the distribution of parameters and their relationships with covariates within the
population. The approach uses individual pharmacokinetic data of the observational
(sxpeemrerial) type. which may be sparse. unbalanced, and fragmentary, in addition to, or«
instead of, conventional pharmacokinetic data from traditional pharmacokinetic studies

characterized by rigid and extensive sampling design (deFeEasituatien). Analysis

phesmacodynamic)-parameter-d-2). .

__-.% In the mixed-effects modeling context, the collection of population characteristics is

composed of population mean values (derived-from-fixed-effects-parametess) and their
variability within the population ¢generaky-the-variance-covariance vatues-derived-from
A nonlinear mixed-effects modeling approach to the
population analysis of pharmacokinetic data, therefore, consists of estimating directly the
parameters of the population from the full set of individual concentration values. The
individuality of each subject is maintained and accounted for, even when data are sparse,

ﬁ_ .
' IV. WHENTO USE THE POPULATION PK APPROAC

In drug developmeNy, use of the population PK approach can help ificrease understanding-of the
quantitative relationskjps among drug input patterns, patient chafacteristics, and drug disposition
(12). This approach is helpful when wishing to identify factgr§ that affect drug behavior, or
explain variability in a tar¢t population. The nonlinear mjKed-effects modeling approach is

I especially helpful in certain adaptive study designs, suclyas dose-ranging studies (e.g., so called
titration, or effect controlled dbdgigns).

Population modeling is most I‘_ikely 0 add value yhen a reasonable a priori expectation exists that
intersubject kinetic variation may warknt altegéd dosing for some subgroups in the target

- population. Likely circumstances wouldNpgiide (1) when the population for which the drug is

L intended is quite heterogeneous and (2) wis the target concentration window is believed to be

relatively narrow.

The population PK approach can be/used to estimhte population parameters of a response surface
model in phase 1 and late phase 26 of clinical drug dayelopment, where information is gathered on
how the drug will be used in sybsequent stages of drug\jevelopment (12). The population PK
approach can increase the effiiency and specificity of drug development by suggesting more
:nformative designs and anafyses of experiments. In phase and, perhaps, much of phase 2b,
where patients are samp 7d extensively, complex methods of daga analysis_ may not be needed.
Two-stage methods ca be used to analyze the data, and sta.ndar regression m-ethods can be used
to model dependencg’of parameters on covariates. Alternatwely, data f_rom individual studies in
phases 1 and 2b ¢ also be pooled and analyzed using the nonlinear mixed-effects modeling

approach.
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Population pharmacokinetics

Application:

» Population pharmacokinetic modelling is a complex activity & It is a|so"‘-labouL )
intensive and time consuming. o

> Like all mathematical models, a population pharmacokinetic model only provides i i
estimates of the true (but unknown) pharmacokinetic parameter values. Fitting a
model to the data results in some uncertainty in the true value of the estimated
parameter, therefore plasma concentrations predicted by a model-also have a
degree of uncertainty attached to them. There is an oft-quoted@ that ‘all ‘
models are wrong, but some are useful’. Population analyses have numerous |
useful cllnical applications, especially in patients who otherwise may be difficult ‘
to-recruit for a traditional pharmacckinetic study, for example young children or
patients in intensive care.

» Population pharmacokinetics is a much underused resource in Australia which ¥l i
could potentially improve clinical outcomes by informing individualised A
prescribing. One example is the use of population pharmacokinetics to develop a
dosage nomogram for caffeine in the treatment of infants with@phbea/of .

prematurity.

» Another example is safely prescribing metformin for patients with impaired renal
function. Using data from patients with various stages of renal dysfunction, a '
model was developed to identify and quantify the covariates, such as weight,
which influence the pharmacokinetics of metformin. It then simulated dosage

<_scenarios that could be used at various levels of renal dysfunction without the
plasma concentration of metformin reaching a level which would resultin adverse ;| i
effects. This work is valuable because it provided guidelines for using metformin |
in patients with renal impairment in whom the drug was@_usly‘,
contraindicated. —

» Population pharmacokinetic methods are an emerging and important part of drug
development including preclinical studies, clinical trials and postmarketing i
surveillance. There are excellent reviews from the pharmaceutical industry and
regulatory perspectives, and web-based guidelines from regulatory agencies.

» Studies have involved research and clinical applications in a wide variety of
patients and conditions including diabetes, clotting disorders, malignancy, serious uiilIF
infection, apnoea of prematurity, pregnancy, organ transplantation, self- i
poisoning and arthritis.
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Limitation:

Advantages

pharmacokinetic analysis is usually conducted in patients taking the drug
;an@éob_rﬁﬁiddétgﬁexible study designs which occur during treatment
only a few samples are needed from each patient

opportunistic sampling has the potential to be cost-effective

screening an_d quantification of covariates for explaining variabllity
caadistiﬁgu]sﬁbehveen interindividual and intraindividual variability
model*lin-gﬂsgftware is widely available (e.g. NONMEM)

Disadvantages

relatively large numbers of patients are required (typically >40)
complex pharmacostatistical analyses
requires collection, compilation and verification of large amounts of data

model building may be tedious, labour intensive and tirme-consuming
model diagnostics are often complex and time-consuming

difficulties with handling missing data (e.g. all covariates in all patients)



-’ D.i me.f&n U\‘ b/w' Hrad b ore ) - QHTM\»K?\Y\(\‘\\\ S ard
—_— T T i
f‘“\"(mh Kirehi Y -

Q o Q\-\\h \"\ (R o) |
— ; :

—

plairi
- Study size

Sampling data

Inter-individual Variability

Relationships of
concentration,
PK/PD

Healthy volounteers
Highly selected
patients

Small

Dense (typically 1 to 6 time

points) following drug
administration.

Minimized through
restrictive criteria

Limited

Target patient populatlon
(Pediatrics elderly, AIDS)

Large or'in.tegtategi -

(observational or ‘_
b

experimental) SR
Sparse, few samples for =/
many patients | ;i,

Demographics . i
Pathophysiological ~“F" i‘
Concomitant medications !

o

Extensive, make o
predictions L
about future events - | ii
steady M
state concentrations and 'j
efficacy. guide dosage |, “
adjustments. determineii %
therapeutic window. guide ! i

| dosage for safety
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The Two-Stage Approach

— The traditional method of pharmacokinetic data analysis uses a two-stage
approach. The first stage of this approach involves the estimation of
pharmacokinetic parameters through nonlinear regression using an individual's

@ concentration-time data (data-rich situation). Individual parameter estimates
obtained during the first stage serve as input data for the second-stage calculation
of descriptive summary statistics on the sample, typically, mean parameter
estimates, variance, and covariance of the individual parameter estimates. Analysis
of dependencies between parameters and covariates using classical statistical
approaches (linear stepwise regression, covariance analysis, cluster analysis) can
be included in the second stage. The two-stage approach, when applicable, can
yield adequate estimates of population characteristics. Mean estimates of
parameters are usually unbiased, but the random effects (variance and covariance)
are likely to be overéstimated in all realistic situations €2#). Refinements have
been proposed (e.g., global two-stage approach) to improve the two-stage approach
through bias correction for the random effects covariance and differential
weighting of individual data according to the data's quality and quantity (.
The two-stage approach has been applied in the new drug development and
evaluation process for more than 20 years, and because it is described elsewhere, it
will not be/comprehensively discussed in this document.



97. The maintenance dose of gentamicin is 80mg every 6hrs for a patient with
normal renal function. Calculate the maintenance dose for a uremic patient with

creatinine clearance of 20ml/min. Assume a normal creatinine clearance of
100ml/min.

—> Because ¢

D, k k
= or D, =Dy X —
Dy w = D
—> where D, = uremic dose and [, = "¢ 'dose,

D,=8mg X 0.2 = 16 mg

-—LaThe maintenance dose is 16 mg every 6 hours. alt=rnatively, the dosing interval

can be adjusted without changins © dose?
/")Z_?T

Tu kN i.'N

— = or Tu= TN X T

™w ks p ky

6 hr X I 30 hr
Ty = rXog =" 1
b wheret andt, are dosing intervals ror urer. st normial patients,

respectively. The patient may be giver, 30 mg &= Il hiours.




99. An adult male patient (52 years old, 75 kg) whose serum creatinine is2.4
mg/dL is to be given gentamicin sulphate. The usual dose of gentamicin in adult
| patients with normal renal function is 1 mg/kg every 8 hours by multiple IV bolus

| injections. Calculate the appropriate dosage regimen of gentamicin sulfate for
this patient.

Cl.U = (140-A)x LBW
=

72Ccr
| (140-52)x 75

T 72x24
= 38.19 mi/min.

' =1-098(1-—————)
=0.39

-+ Then for,

| De=DoxG
=75x0.39

‘ =29.57

> 80 mg Gentamicin Sulfate Present in 2 ! Viale
S1mg ¥ ¥ ¥ 4 @ tr —ml

0
"—> 29.57 mg 7f M M MW Tx2987

=0.75 ml

—

So, 0.75 ml in every 8hr.

|

— 80 mg Gentamicin Sulfate Present in 2 m! Via
Simg & B0 0 N o

Nismg 7 L P S -E:T’S-ml

=188 ml
%;\ So, 75 mg, or, 1.88 mlin every 20.5 hr. —_—
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/98. What is the creatinine clearance for a 25 year old male patient with a serum |
creatinine of Img/dL? The patient is 5 ft, dinches in height and weighs 103 Kg.

Qe =) Cw)
- P‘F'L X Q(Y

c |

Clyo - 25) X |3
C{CY;‘O( )

T2 Xx\
\ 35

C\QY:

T
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