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CHAPTERR 10 

Viewpointt - The Lancet - Vol 357 - May 5,2001 

Practicall implications for the interpretation of minimum plasma 
concentration/inhibitoryy concentration ratios 

JJ Montana-, A Hill , E Acosta [The authors contributed equally to this paper. The data was originally 
presentedd by AH at the International Workshop on Resistance, Sitges, Spain, July 2000] 

Forr a drug to be clinically useful, plasma concentrations of the agent must achieve effective 
concentrations.. Logically, therefore, optimum administration of drugs includes selection of doses that 
providee adequate exposure. This approach has been successfully used during drug development - e.g., 
forr antibacterials1 and has been applied to agents used in the treatment of HEV-1. However, methods 
usedd to ascertain actual exposure, and targets for adequate exposure, to protease inhibitors, have not 
beenn standardised. This situation has resulted in confusion over the relevance of such tests in clinical 
practice.. We review the procedures used, draw attention to the many variables involved in what can 
initiallyy seem to be straightforward calculations, and emphasise the need for consistency to ensure that 
conclusionss reached are scientifically accurate. We have illustrated this difficulty with HIV-1 protease 
inhibitors,, however, the principles outlined are applicable to other therapies. 

Clinicallyy effective concentrations of antimicrobial drugs are difficult to predict, since potency is 
generallyy assessed in vitro (as inhibitory concentrations [IC]). For example, in fflV-1  infection, IC50 

andd IC90, the in-vitro concentration of drug needed to inhibit viral replication by 50 or 90% 
respectively,, are cited most often.2 The higher the minimum observed drug plasma concentration 
(CmnOO compared with the IC, the greater the potential for lasting suppression of viral replication. As 
thee Qnin falls to near or below the IC, viral breakthrough can occur.3 In the absence of direct 
comparativee clinical trials, the ratio of plasma drug O,™ to IC has been used to predict clinical 
efficacyy of protease inhibitors.4 However, C ^ and IC values are affected by many variables, and 
theree are no clinically validated standards as to how they should be reported. ITie potential for widely 
varyingg Cm^/IC ratios for a single regimen, dependent on which methods of determination are chosen, 
iss therefore great. This situation closely resembles the confusion that surrounded interpretation of 
HIV-11 RNA plasma concentrations.5 

Factorss affecting Cmin and IC values 
Drugg Qnin values can vary widely because of several factors. With protease inhibitors, the most 
importantt factor is between-patient variability in the pharmacokinetics of these drugs,6 for which there 
iss a positive skew on the distribution of values. There can therefore be substantial differences in 
averagee values dependent on how they are generated. Taking the geometric mean or median, both of 
whichh are less affected by outliers than other statistical parameters, is more likely to provide a 
reasonablee representation of the average value in a specific population than use of the arithmetic 
mean.. However, whichever value is chosen, between-patient pharmacokinetic variability means that 
Cmin/ICC ratios wil l not be consistent for all patients on the same regimen. Additionally, C,^ values 
cann differ between assessments because of within-patient variability in pharmacokinetics. Hence, 
Cmin/ICC ratios for any one patient might also vary. Values can also vary widely in treatments with 
combinationn regimens, especially if non-nucleoside reverse transcriptase inhibitors are used.6'7 The 
Cminn value cited should therefore be relevant to the particular combination and dose of drugs being 
given. . 

Thee IC value of antimicrobial drugs can also change greatly. Assessment of IC of protease inhibitors, 
forr example, can include various tests (measuring different markers of HIV replication), cell types (T-
celll  or monocyte cell lines, or primary human cells), types of infection (acute, chronic, or latent), and 
virall  strains (wild-type, modestly resistant, highly resistant). The range of potential assays explains 
thee range of IC values cited in protease inhibitor prescribing information (table).4"13 As for C^, IC 
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valuess can be expressed in several units, further confusing the issue. Combinations of agents can also 
showw synergy when coadministered.14 Li such cases, the calculated IC50 value for drugs measured 
individuallyy under-represents that of the combination. 

Inn the case of protease inhibitors, use of in-vitro values is further complicated because most are highly 
proteinn bound.8 Since only free drug inhibits viral replication, in-vitro ICs are typically adjusted for 
proteinn binding to more closely represent the clinical setting. However, this adjustment can be done 
withh several methods - in-vitro IC can be divided by free fraction of drug to derive an in-vivo 
estimate,, or IC50, can be measured in the presence of 50% human serum.8 These correction methods 
havee not been validated clinically and all lead to a different adjustment factor (table).8 

IC»» (nmol/L) 
IG»» (nmol/L) 
IC955 (nmol/L) 

Saquinavir r 

1-30* * 
5-80* * 
164 4 

Indinavirr (IDV) 

NA A 
25-100§ § 
34« « 

Factorss for adjustment for protein binding 
Methodd 1 33*  2.5§ 
Methodd 2 25 2 
Cminn (nmol/L) 12000 mg thrice 

daily:: 1339 

SQV:RTV V 

1600:1000 mg four 
timess daily: 7139 

8000 mg thrice 
daily:: 21110 

IDV:RTV V 

800:1000 mg twice 
daily:: 535:*223310 

Nelfinavirr (NFV) 

NA A 
NA A 
7-196 6 

50 0 
35 5 
7500 mg thrice 
daily:: 1754-5263 
12500 mg twice 
daily:: 1754 

Lopinavirr (LPV) 

4-289f f 
NA A 
NA A 

50-99f f 
5.3 3 
LPV/RTV V 

400:1000 mg twice 
daily:: 5873n 

LPV-RTV V 
533:1333 mg twice 
daily:: 936512 

Amprenavir r 
(APV) ) 
12-410J J 
NA A 
924 4 

10J J 
6 6 
1200mgg twice 
daily:: 63913 

APV/RTV V 

600:1000 mg twice 
daily:: 3902!3 

NA=nott available in the published literature. RTV=ritonavir. Method 1= multiplication of IC50 

accordingg to free fraction of drug as reported in US PI-e.g., if 97% of drug is protein bound, 3% is 
free,free, and IC50 is multiplied by a factor of 33 (100/3). Method 2: fold increase in IC50 in presence of 
50%% human serum compared with 0% human serum, average of values for several wild-type 
laboratoryy HIV-1 strains.8 Crnm==minimum plasma concentration. IC=inhibitory concentration. 
*Fromm US prescribing information, Roche Laboratories, November, 1997. tFrom US prescribing 
information,, Abbot Laboratories, September, 2000. |From US prescribing information, 
GlaxoWellcome,, May, 2000. §From US prescribing information, Merck & Co, February, 2000. 

Fromm US prescribing information, Agouron Pharmaceuticals, January 1998 
Rangee of values from which a CWIC ratio can be derived 

Measurementt of both C^ and IC is highly dependent on the assay, statistical methods, and 
assumptionss made. Even taking specific methods, once the variability around the average values used 
inn the calculation of the Cmm/IC ratio has been taken into account, the ratio for any one drug will still 
varyy substantially between patients (panel). 

Furtherr considerations in translation of in-vitro values to in-vivo use 
Wee have detailed the many variables that can be implicated in the ascertainment of variables used to 
predictt efficacy, such as C^JIC ratios. The example of protease inhibitors shows that as Cn^/IC ratios 
shouldd be standardised. However, the applicability of these values in-vivo can be further limited by 
additionall  factors. For example, for the protease inhibitors, there are few data suggesting that C^ 
valuess in healthy volunteers and in people infected with HIV-1 might differ.610 If this were so, 
dependentt on the circumstances of the assessment Qm, values might be determined by stage of 
disease,, comorbidities, degree of adherence to dosing schedule, and food requirement of regimen. 
Potentiall  differences in pharmacokinetics should be examined in a formal way. 

In-vitroo data also suggest that some drugs could differ in terms of the extent of intracellular 
absorptions,, and that differences might exist between intracellular and blood plasma 
pharmacokineticss for some agents.16 The intracellular concentration of a drug is of paramount 

90 0 



importancee for clinical activity, and could therefore be more representative of potential activity than 
plasmaa concentration. However, we do not yet know if these in-vitro findings are clinically relevant in 
HIVV therapy. There is much discussion about the usefulness of monitoring of plasma concentrations 
off  drugs. This action would allow the identification of potentially subtherapeutic or toxic 
concentrations,, allowing the dose of drug to be adjusted accordingly (therapeutic drug monitoring). 
Althoughh the use of therapeutic drug monitoring is becoming more popular in this area, many 
questionss need to be answered before its place in clinical practice is established -i.e., what to 
measure,, when and how to measure, and whether potential differences between intracellular and 
plasmaa pharmacokinetics of drugs are clinically relevant. Prospective validation of the use of 
therapeuticc drug monitoring is needed before implementation of the procedure. 

Withh respect to IC values, we should remember that, in HIV-1 infection, plasma protein 
concentrationss differs between healthy volunteers and patients ct-1 acid glycoprotein can increase four 
foldd in HIV-positive patients.17 Hence, accurate adjustments to the IC value on the basis of percentage 
proteinn binding in-vivo can only be made after measurement of the free fraction of drug in the plasma 
off  patients infected with HIV. 

In-vitroo methods of assessing IC values cannot take into account active metabolites produced in vivo, 
ass happens in the case of some HIV-1 treatments.18 Some in-vivo generated effective concentrations 
havee been defined by assessing the drug concentration corresponding to 50% of maximum reduction 
inn HIV/RNA concentrations (table).19 These values might be more relevant to clinical practice than in-
vitroo ICs. However, since these data are generally derived from monotherapy studies, clinicians 
shouldd be aware that the EC50 (effective concentration) could also be different with a combination 
regimen.. Additionally, EC50 values should not be used to compare the potency of drugs, because of 
thee pharmacodynamic efficacy variables used in their derivation are rarely the same. 

Assessmentt of Cmin/IC90 ratio: impact of variability around each determination 
involved d 

Factorr used in ascertainment of 
CWIC500 ratio 
Value e 

Potentiall  variability between 
patients s 

-̂min n 

Mean n 
(SD) ) 

70%% + 

IC50 0 

Mean n 
(SD) ) 

50%% + 

Proteinn binding 

Mean n 
(SD) ) 

50% % 

%% coefficient of variation on 
C^/ICJOO ratio =100% 

Cminn = minimum plasma concentration. IC = inhibitory concentration 

Recommendations s 
Becausee of the multiple variables in their derivation, C^ and IC values should be presented as a 
rangee of possible estimates. Until the ascertainment process is standardised, use of these values should 
bee restricted to initial dose-ranging studies, in which case they might be useful in the identification of 
thee most appropriate range of doses for further assessment. Correlation between pharmacokinetic 
indices,, including C^JIC values, and effect, should be established early in drug development (phase 
I/nn testing). 

Forr standardisation, Cmm values should be based on pharmacokinetic analysis at fixed times in 
patients.. Median or geometric mean values should be used for small populations of patients. Even 
then,, Qmn can vary substantially in clinical practice because of issues such as disease stage, adherence, 
andd comorbidities. In terms of IC, in-vivo EC50, or EC90 measured directly in treated patients should 
bee used wherever possible, at least until in-vitro phenotypic tests are validated against in-vivo 
pharmacodynamics.. Finally, we cannot emphasise enough that, even with standardisation in place, 
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comparisonss of these values across drugs such as protease inhibitors cannot replace prospective 
randomisedd comparative clinical trials. 
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