
Monitoring glucocorticoid therapy: A 
pharmacokinetic approach 

Although glucocorticoid therapy is essential for the treatment of severe inflammatory disorders, there is 
no systematic approach to patient variables that may affect availability of a steroid dose. After the 
development of a data base of pharmacokinetic parameters, we examined glucocorticoid pharmacokinetics 
in 54 patients between 2 and 70 years of age using 70 pharmacokinetic studies after administration of 
intravenous methylprednisolone (n = 25), oral methylprednisolone (n = 15), intravenous prednisolone 
(n = 18), and oral prednisone (n = 12). Eleven patients had unusually rapid methylprednisolone 
elimination (clearance, 565 to 837 ml/min/1.73 m2; population mean, [± SD] 380 -1- 100 rnl/min/1 73 
m2) without an identifiable cause. Incomplete absorption of methylprednisolone and proinisone was 
observed in three patients and one patient, respectively. Evaluation of glucocorticoid pharmacokinetics 
in children aged 1 year 8 months to 18 years demonstrated a significant inverse correlation (r = 
0.88; p < 0.001) between prednisolone clearance and age. It is therefore important to consider age in 
the interpretation of pharmacokinetic data. To simplify measurement of prednisolone clearance, a 
single-dose single-point method was developed. This was based on a highly significant relationship be- 
tween the 6-hour postdose prednisolone concentration and prednisolone clearance (log prednisolone 
clearance = 2.66 + [6-hour postdose concentration] [ 0.00167]; 1-2 = 0.96; p < 0.0001). Evaluation of 
glucocorticoid pharmacokinetics in the clinical setting can be used to identify abnormalities in absorption, 
elimination, and patient compliance. This technique can be used to individualize glucocorticoid dosing 
regimens. (CLIN PHARMACOL THER 1990;48:390-8.) 
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Glucocorticoids are used extensively as anti- 
inflammatory and immunosuppressive agents.' Oral 
prednisone (the inactive precursor of the active glu- 
cocorticoid prednisolone) and the active glucocorticoid 
methylprednisolone are commonly selected medica- 
tions. Occasionally, improvement is not observed or an 
unexplained deterioration in clinical status may occur 
in certain patients despite high-dose and long-term glu- 
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cocorticoid therapy. This may be related to overwhelm- 
ing disease severity, poor compliance, abnormalities in 
glucocorticoid disposition such as rapid metabolism or 
poor absorption, glucocorticoid resistance,''' or a glu- 
cocorticoid receptor or postreceptor abnormality.4 

Unfortunately, there is no system available to mea- 
sure variables influencing glucocorticoid disposition in 
individual patients. Anticonvulsants such as phenytoin, 
carbamazepine, phenobarbital,' and rifampina markedly 
enhance prednisolone and methylprednisolone elimi- 
nation. Alternatively, glucocorticoid elimination is im- 
paired by other medications. Oral contraceptives have 
been shown to decrease prednisolone clearance,' and 
ketoconazole inhibits both methylprednisolone and 
prednisolone clearance." Macrolide antibiotic agents 
such as erythromycin'' and troleandomycin selectively 
inhibit methylprednisolone metabolism and have no ef- 
fect on prednisolone elimination,"2 contributing to the 
beneficial effect observed in the treatment of patients 
with severe glucocorticoid-requiring asthma.13'14 Clin- 
ical response correlates with changes in glucocorticoid 
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pharmacokinetics because an increase in effect is as- 

sociated with inhibition of metabolism and a decrease 
in effect with induction of metabolism. Similarly, de- 
velopment of systemic adverse effects is associated with 
slower elimination.'5 

The absorption of glucocorticoids has not been eval- 
uated extensively. Complete absorption has been doc- 
umented in normal volunteers,' patients with inflam- 
matory bowel disease,' and the nephrotic syndrome.' 
As such, the possibility of poor absorption is not gen- 
erally considered a factor in poor response to gluco- 
corticoid therapy. 

With the multiple factors known to affect glucocor- 
ticoid disposition, and concern regarding inadequate 
clinical response in certain patients, we developed an 
approach to therapeutic drug monitoring for glucocor- 
ticoids in a population of patients with severe asthma. 
This report will present methods to evaluate glucocor- 
ticoid pharmacokinetics in the clinical setting to facil- 
itate an approach to individualizing dosing schemes. 

METHODS 
Patient selection 

The 54 patients included in the prospective phar- 
macokinetic evaluation were patients with severe 
glucocorticoid-requiring asthma whose clinical re- 
sponse from long-term administration of varying dosage 
regimens of daily or alternate-day oral prednisone or 
methylprednisolone was less than desired. Specific clin- 
ical indications for these studies included lack of ben- 
eficial or adverse glucocorticoid effect (n = 48) or con- 
comitant therapy with anticonvulsant agents (n = 8) 
or macrolide antibiotic agents (n = 14). Ages ranged 
between 2 and 69 years. Patients had a wide range in 
body habitus. All doses administered and final results 
are uniformly based on total body weight or total body 
surface area. All patients were also receiving inhaled 
glucocorticoids, sustained-release theophylline, inhaled 
p-agonists, and occasionally inhaled atropine sulfate or 
ipratropium bromide. Systemic side effects of gluco- 
corticoids including cushingoid appearance, posterior 
subcapsular cataracts, obesity, bone demineralization, 
and hypertension were absent in approximately 20% of 
the patients studied. Systemic side effects were present 
in varying combinations and degrees of severity in the 
remaining patients. Adrenal suppression (morning cor- 
tisol level <5 1.4/ dl) was a more universal finding, 
occurring in more than 90% of patients studied. Phar- 
macokinetic studies were performed to determine the 
degree of systemic glucocorticoid exposure that results 
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from incomplete absorption of oral doses, rapid me- 
tabolism, or a change in clearance resulting from con- 
comitant medications that are known or suspected to 
produce inhibition or induction of glucocorticoid me- 
tabolism. 

Patient data used for determination of the effect of 
age on clearance and the single-point clearance estimate 
were obtained from previously published values listed 
in Table I.5.10-12.19 

Study procedures 
Intravenous studies. At approximately 7 AM on the 

study day an indwelling catheter was placed for serial 
blood withdrawal. In a contralateral extremity another 
catheter was placed for infusion of the study drug. The 
line was flushed with 5 ml saline solution, and the study 
drug was administered as a bolus over 1 to 2 minutes 
as close to 8 AM as possible. The line was flushed with 
another 5 ml saline solution and discontinued. Doses 
of prednisolone (Hydeltrasol, Merck Sharp & Dohme, 
West Point, Pa.) were administered as 40 mg/ 1.73 in2 

total body surface area. This dose was selected for all 
patients to minimize the effects of dose-dependent phar- 
macokinetics that are observed with this glucocorti- 
coid. Because methylprednisolone (Solu-Medrol, The 
Upjohn Company, Kalamazoo, Mich.) is generally not 
affected by dose-dependent pharmacokinetics, doses 
selected were either the actual dose the patient was 
receiving clinically or the standardized dose of 40 
mg/1.73 m2. Blood samples were obtained before in- 
fusion and 1/2, 1, 11/2, 2, 3, 4, 6, 8, 10, and 12 hours 
after infusion. Blood was placed in heparinized glass 
tubes and refrigerated immediately. Plasma was sepa- 
rated within 12 hours after the last sample and frozen 
at 20° C until analysis. 

Oral studies. For oral studies, patients fasted from 
12 midnight until 1 hour after administration of the 
study dose. Criteria for dosage selection for prednisone 
(Orasone, Rowell Inc.) or methylprednisolone (Medrol, 
The Upjohn Company), as well as other procedures, 
were identical to those of the intravenous studies. 

Single-point clearance estimation. To decrease the 
number of samples and minimize the technical require- 
ments to determine glucocorticoid clearance in a given 
patient, we developed methods to predict clearance 
from a single postdose glucocorticoid concentration. 
Results from a separate group of 52 studies from 43 
patients with an average age of 10 years (range, 2 to 
50 years) were evaluated. Of these, 15 patients were 
receiving concomitant anticonvulsant agents, and all 
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Table I. Glucocorticoid pharmacokinetic parameters assessed from previous reports after administration of 
40 mg (adults) or 40 mg /1.732 (adults and children) intravenous prednisolone or methylprednisolone 

Data are presented as mean values ± SD. 
CL, Clearance; Vss, steady-state volume of distribution; 42, half-life. 

were on antiasthma regimens consisting of oral the- 
ophylline, oral and inhaled glucocorticoids, and inhaled 
13-agonists. Patients received 40 mg/ 1.73 m2 intrave- 
nous prednisolone (n = 40) or oral prednisone 
(n = 12). Study procedures were followed as outlined 
above. Least-squares linear regression was applied to 
derive the correlation and regression equation between 
the 6-hour postdose plasma prednisolone concentration 
and the actual clearance. The regression equation was 
then applied to the individual 6-hour postdose plasma 
prednisolone concentrations to determine the accuracy 
of this relationship. Finally, this method was tested 
prospectively in 12 additional subjects. 

Assay methods. All samples were assayed according 
to a modification of the highly sensitive and specific 
HLPC method of Ebling et al.,' described in detail by 
Bartoszek et al.' This assay is specific for methylpred- 
nisolone , prednisolone, and endogenous cortisol. There 
was no interference from inhaled glucocorticoids (or 
metabolites) such as beclomethasone diproprionate or 
triamcinolone acetonide or from metabolites of pred- 
nisolone or methylprednisolone. The lower limit of de- 
tection was 10 ng/ ml, and the intraday percent coef- 
ficient of variation was less than 5% at 50 and 400 
ng/ml. 

Estimation of pharmacokinetic parameters. Model- 
independent pharmacokinetic parameters for prednis- 
olone and methylprednisolone were calculated as fol- 
lows: The area under the plasma concentration-time 
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curve (AUC) was determined by LaGrange polynomial 
interpolation and integration with the least-squares ter- 
minal slope (k,i) to extrapolate to time infinity.' The 
first moment of the curve, area under the moment curve 
(AUMC), was calculated similarly after each plasma 
concentration was multiplied by its time. These values 
permitted calculation of the average time a molecule of 
glucocorticoid remained in the body, or mean residence 
time (MRT): 

MRT = AUMC/AUC 

Total body clearance (CL) was calculated as follows: 

CL = dose/AUC 

Steady-state volume of distribution (Vss) was calculated 
as follows: 

Vss = (CL) (MRT) 

These calculations assume total availability of system- 
ically administered glucocorticoid, minimal alterations 
in the degree of reversible metabolism to inactive me- 
tabolites, and a predominantly linear elimination pat- 
tern, and important variations in plasma protein binding 
do not occur. 

The percent of a dose of orally administered gluco- 
corticoid (F) was calculated by the AUC ratio corrected 
for the dose and elimination rate: 

AUC x dose, x 1ç, 
F - X 100 

AUC, X doseow x ke,ai.1 

Prednisolone 
Rose et al." 246 .± 62 52.8 14.5 2.50 0.5 Asthmatic children (n = 10) 

(8-12 yr) 
Bartoszek et al.' 214 ± 29 47.8 5.6 2.50 ± 0.41 Asthmatic children (n = 16) 

(2-18 yr) 
Rose et al.' 201 ± 54 50.8 11.7 3.33 0.71 Asthmatic (n = 7) 

198 ± 38 53.5 ± 13.5 3.25 -±: 0.58 Adult volunteer (n = 13) 

Methylprednisolone 
LaForce et al.'° 380 -± 101 82.4 -± 19.1 2.34 -± 0.52 Asthmatic children (n = 7) 

(9-18 yr) 
Szefler et al" 406 -± 139 78.4 -± 28.4 2.46 ± 0.75 Asthmatic children (n = 10) 

(11-15 yr) 
Szefler et al.' 384 ± 56.2 91.0 -± 9.9 2.58 -± 0.19 Adult volunteer (n = 7) 

(25-35 yr) 
Szefler et al.' 380 155 68.2 17.1 2.02 -± 0.38 Asthmatic adult (n = 5) 

Glucocorticoidl data Vss 

source CL (m11 mint 1 .73 m2) (LI 1.73 ne) t1/2 (hr) Subject category 
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Data analysis 
Clearance data from all patients who were not re- 

ceiving any medications known to alter elimination of 
prednisolone or methylprednisolone were normalized 
to total body weight to enhance any age-related differ- 
ences. Individual clearance values were then compared 
to age with linear regression. All results are expressed 
as mean ± SD. Glucocorticoid clearance in patients 
younger than 12 years of age was compared with clear- 
ance in patients older than 12 years with the unpaired 
t test. The difference was considered significant at 
p < 0.05. The age of 12 years was selected on the 
basis of the projected onset of puberty and experience 
in previous studies 22'23 Values for predicted predniso- 
lone clearance were compared with actual values by 
calculation of precision (accuracy of a particular esti- 
mate) and bias (a measure of tendency to overpredict 
or underpredict) as described previously.' 

RESULTS 
To establish population averages and ranges for the 

various pharmacokinetic parameters, data from previ- 
ously published studies were pooled (Table I). 

Effect of age on glucocorticoid elimination 
To investigate the relationship between age and clear- 

ance, linear regression between age and glucocorticoid 
clearance was performed. For prednisolone, there was 
a significant inverse relationship between age and clear- 
ance (r = 0.88; p < 0.001; Fig. 1, A), with children 
younger than 12 years of age having a higher clearance 
(5.52 -± 1.18 ml/mm/kg; n = 12) compared with the 
clearance of older children and adults (3.70 ± 1.0 

0 a 

a 

METHY'LPREDNISOLONE 
r 0.37 , p <0.05 

Age (years) 

Fig. 1. Relationships between age and clearance are shown for prednisolone (A) and methylpred- 
nisolone (B). 

10 20 30 10 SO 40 

ml/ min /kg; n = 9; p <0.005). For methylpredniso- 
lone, however, the relationship between age and clear- 
ance was poor (r = 0.37; n = 30; p < 0.05), al- 
though clearance did tend to decrease as age increased 
(Fig. 1, B). 

Evaluation of individual glucocorticoid 
pharmacokinetic studies 

A total of 70 intravenous or oral pharmacokinetic 
studies was performed in 54 patients. Thirty studies 
were performed with prednisolone (18 studies with in- 
travenous prednisolone and 12 studies with oral pred- 
nisone) and 40 with methylprednisolone (25 studies 
with intravenous methylprednisolone and 15 studies 
with oral methylprednisolone). Eleven patients had 
unexplained rapid methylprednisolone clearance 
(range, 565 to 837 ml/ min / 1.73 m2). In four of these 
patients prednisolone pharmacokinetic study results 
were within the normal range. An additional three pa- 
tients demonstrated poor bioavailability of methylpred- 
nisolone (range, 22.6% to 65.3% absorbed). Only one 
patient with incomplete availability of prednisolone 
from oral prednisone was identified (Fig. 2, A), in 
whom complete absorption of methylprednisolone was 
subsequently demonstrated. Prednisolone clearances 
were markedly elevated within the range described 
previously' in patients receiving concomitant anti- 
convulsant therapy with phenytoin (407.3 to 595.5 
ml /min/1.73 m2; n -= 3) and combination phenytoin- 
phenobarbital therapy (493.4 and 1015.0 ml/ min /1.73 
m2; n =-- 2). One patient receiving concomitant phe- 
nytoin was subsequently treated with valproic acid. In 
this patient a decrease in prednisolone clearance from 
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Fig. 2. The 6-hour postdose plasma prednisolone co 

olone clearance (A). Application of the regression 

between actual and predicted prednisolone clearances 

oral prednisone. 

539.3 to 296.2 ml/ min/ 1.73 m2 occurred after 10 days 
of valproic acid therapy. Finally, prednisolone clear- 
ance was 192.5 ml / min/ 1.73 m2 in a patient receiving 
concomitant valproic acid therapy. There was no ob- 
vious relationship between presence or absence of 
glucocorticoid-associated adverse effects and clearance 
values. This was primarily because of the wide array 
in magnitude and duration of glucocorticoid therapy 
before investigation, as well as the variety in presen- 
tation of visible and metabolic adverse effects. 

Single-point clearance estimation 
There is a highly significant (r2 = 0.80; p < 

0.0001) correlation between log actual prednisolone 
clearance and the 6-hour postdose plasma prednisolone 
concentration ( Fig. 3, A). Accuracy of results obtained 
from oral prednisone did not differ from those of in- 
travenous prednisolone. The equation for the regression 
line is: 

log prednisolone clearance = 2.66 + 
[6-hour prednisolone concentration] [ 0.00167] 

There is a slight bias of 5.3 ml/ min / 1.73 m2. Pre- 
cision is 30 ml/ min/ 1.73 m2, or less than 12% of the 
mean actual prednisolone clearance. There is a tendency 
to underpredict prednisolone clearance in patients with 
an actual clearance of greater than 350 ml / min/ 1.73 
m2. This predictive method did not give a result in the 
normal range in any subject with an actual prednisolone 

ncentration is highly correlated with prednis- 
equation demonstrates excellent agreement 

(B). Solid circles, Prednisolone; open circles, 

clearance of greater than 300 ml/ min/ 1.73 m2. Results 
from the prospective evaluation to test the derived equa- 
tion yield a similarly strong correlation between actual 
and predicted prednisolone clearance (r2 = 0.96; 
p < 0.0001). The absolute value of the percent differ- 
ence between actual and predicted prednisolone clear- 
ance was 7.3% (range, 16.4% to 22.0%). 

DISCUSSION 
The application of systemic glucocorticoids has been 

used successfully for many years for a wide variety of 
inflammatory disorders and their generalized immu- 
nosuppressive effects. Typically the dosage regimen is 

highly individualized, with the goal of obtaining the 
maximal benefit with minimal risk of adverse effects. 
Many patients with asthma require glucocorticoids for 
control of the signs and symptoms of chronic asthma. 
This need is usually manifested as a short course of 
high-dose oral prednisone. There is a subset of patients 
who require maintenance oral glucocorticoids in addi- 
tion to maximal bronchodilator therapy and inhaled glu- 
cocorticoids. Of this subset, there are patients who have 
difficulty maintaining acceptable pulmonary function 
and quality of life despite long-term aggressive oral 
glucocorticoid therapy.' Failure to respond to gluco- 
corticoid therapy is poorly understood and can involve 
severe disease, noncompliance, a cellular aberration, 
or end-organ nonresponsiveness. In an attempt to ex- 
amine these patients from a pharmacokinetic aspect, we 
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Fig. 3. Pharmacokinetic studies from three patients. A, Demonstrates incomplete bioavailability 
of prednisolone from an oral dose of prednisone. B, Indicates incomplete absorption of methyl- 
prednisolone on two separate occasions. TAO, troleandomycin. C, Demonstrates selective abnor- 
malities in pharmacokinetics. This patient demonstrated high apparent oral clearance after oral 

methylprednisolone (32 mg) and a typical clearance after intravenous (IV) methylprednisolone (38 

mg), with a bioavailability of 49.4%. Oral prednisone (35 mg) pharmacokinetics were within the 

normal range, suggestive of complete absorption of this glucocorticoid. 
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have developed the following approach. Initially we 
began with complete pharmacokinetic studies. Because 
of cost and inconvenience, we attempted to develop a 

simplified screening method. We have observed a phar- 
macokinetic basis for nonresponsiveness to systemic 
glucocorticoid therapy that occurs in some patients. 
Also, we have developed a single-point method to help 
identify some of these patients without extensive in- 
vestigation. 

Findings from previous phannacokinetic investiga- 
tions are pooled in Table I. This provides the framework 
for interpretation of studies that are performed in in- 
dividual patients. The higher values for clearance seen 
with methylprednisolone compared with prednisolone 
are consistently observed in the literature, as well as 
in patients described in this study.' The higher value 
for clearance in conjunction with the larger volume of 
distribution likely explains the enhanced tissue pene- 
tration that is observed with methylprednisolone."'" 
However, there is a higher degree of interpatient vari- 
ability in methylprednisolone pharmacokinetic param- 
eters. The reasons for this are not clear but may be the 
result of different pathways of elimination and protein- 
binding characteristics that exist for prednisolone com- 
pared with methylprednisolone. 

Total body clearance of most drugs, whether excreted 
renally or metabolized by the liver, is higher in children 
than adults.' This is also true for prednisolone (Fig. 

To demonstrate the age-related effect, we have 
normalized clearance to actual body weight rather than 
body surface area. Although maintenance regimens for 
glucocorticoids are adjusted based on the minimum 
dose that achieves a desired therapeutic response, 
empiric regimens for short-course, high-dose predni- 
sone therapy are often based on body weight (e.g. , 

2 mg/kg/day). Therefore younger children will receive 
less systemic glucocorticoid exposure and effect than 
will older children and adolescents receiving the same 
dosage regimen. The relationship of age and clearance 
for methylprednisolone does not correlate as well (Fig. 

This is most likely because we did not have the 
opportunity to evaluate children less than 10 years of 
age. Although it is likely that this age group, especially 
those younger than 6 years of age, would have signif- 
icantly higher clearance values compared with older 
children, the higher degree of interpatient variability in 
methylprednisolone pharmacokinetic parameters par- 
tially prevents the relationship between age and clear- 
ance from appearing as strong as it is for prednisolone. 
When evaluating glucocorticoid pharmacokinetic pa- 
rameters, the age of the patient should be taken into 
consideration, especially in younger children. 
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As factors that alter glucocorticoid pharmacokinetics 
have been elucidated, the feasibility and need to eval- 
uate glucocorticoid absorption and elimination in in- 
dividual patients has evolved. We have developed a 
scheme to estimate pharmacokinetic parameters with a 
minimum number of blood samples. Measurement of 
a single 6-hour postdose prednisolone concentration is 

sufficiently accurate and precise to predict clearance. 
This approach is therefore useful as a screening tool to 
determine which subjects may require further phar- 
macokinetic evaluation. In this situation, subjects who 
are determined to be rapid metabolizers (i.e., prednis- 
olone clearance >300 ml / min /1.73 rn2) should ideally 
undergo a complete evaluation. Poor absorption of pred- 
nisone or lack of interconversion of prednisone to the 
active glucocorticoid prednisolone will provide falsely 
elevated values for predicted prednisolone clearance. 
These important perturbations tend not to be missed 
during a complete pharmacokinetic study after intra- 
venous and oral doses. To partially obviate this, we 
have begun obtaining a series of three blood samples 
(before dosing, 2 hours after dosing, and the 6-hour 
postdose sample) to provide a more complete, yet still 
simple evaluation. The predose sample is useful pri- 
marily to document that there is no prednisolone re- 
maining in plasma from previous doses but also to as- 
sess endogenous plasma cortisol concentration. The 
second sample is obtained at the theoretical maximum 
prednisolone concentration and is useful to estimate the 
rate and extent of absorption of the oral dose. Typically, 
this 2-hour postdose prednisolone concentration should 
be greater than 400 ng/ ml. This predictive method can- 
not isolate aberrations in parameters such as volume of 
distribution, elimination rate constant, or protein bind- 
ing. These more detailed parameters must be arrived at 
through more sophisticated analysis, such as complete 
oral or intravenous studies. Unfortunately, a similar 
approach for estimation of methylprednisolone clear- 
ance has not proved reliable. Although reasonable re- 
lationships exist between 4- and 6-hour postdose con- 
centrations and total body clearance, interpatient vari- 
ability in rate of absorption of oral methylprednisolone 
doses rendered predicted clearances unreliable. 

A majority of patients who underwent glucocorti- 
coid pharmacokinetic studies in this investigation had 
values that were within the normal range. In addi- 
tion, patients in whom we anticipated induced (as 
with anticonvulsane) or inhibited (as with macrolide 
antibiotics"2) elimination of prednisolone or methyl- 
prednisolone did indeed have the alterations we ex- 
pected. However, an important subpopulation of pa- 
tients was identified. Generally, these were the patients 
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who did not achieve the desired therapeutic response 
despite relatively aggressive therapy. We observed un- 
usually rapid metabolism of methylprednisolone in 11 

of 40 patients who were evaluated for poor respon- 
siveness to this glucocorticoid. Although this popula- 
tion is a selected and therefore biased group, the fact 
that greater than 25% of patients evaluated had mark- 
edly elevated methylprednisolone elimination is, none- 
theless, clinically relevant. One finding that we did not 
anticipate was incomplete absorption, which was ob- 
served in four patients. Studies in volunteers and pa- 
tients with a variety of disease states have demonstrated 
complete absorption of prednisone-18 and predniso- 
lone.' Although incomplete absorption was a less com- 
mon finding, it can also be of clinical importance in 

certain individuals (Fig. 2, B). 
In asthma therapy we commonly use serum theoph- 

ylline concentrations to individualize treatment regi- 
mens. Experience with theophylline has enhanced our 
appreciation of the dose-response relationship in man- 
aging individual patients and the significant influence 
that age, drug interactions, and variation in absorption 
have on the clinical response that is observed. We are 
now approaching an era of understanding the relation- 
ship of glucocorticoid pharmacokinetics to the phar- 
macodynamics of the response." The response is de- 
termined by not only the binding of the glucocorticoid 
to its receptor but also the availability of the drug to 
the site of action, ultimately determined by the absorp- 
tion and elimination of the drug. Our clinical experience 
to date has provided the initial basis for evaluating the 
pharmacokinetic aspects of the response to glucocor- 
ticoids. Information obtained from these studies has 
provided the opportunity to individualize further the 
patients' treatment regimens, similar to the approach 
used with other medications that undergo therapeutic 
drug monitoring, such as anticonvulsant agents or the- 
ophylline. We use this information to verify the pres- 
ence of a drug-drug interaction and consequently dis- 
continue the implicated medication or attempt alter- 
native glucocorticoid therapy to identify abnormalities 
in absorption, consider split-dose regimens, or support 
the addition of troleandomycin therapy. Certainly, ap- 

plications exist in patients receiving long-term gluco- 
corticoid therapy for immunosuppressive therapy as- 
sociated with transplantation who are subject to serious 
sequelae of treatment failure. This particular indication 
is of increasing importance because of a potential 
cyclosporine-prednisolone drug interaction.31 

Compliance with prescribed regimens is also an im- 

portant feature of determining responsiveness to glu- 

cocorticoid therapy. Patient misunderstanding of var- 
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ious prescribed regimens along with devious noncom- 
pliance can have important clinical ramifications. A 

recent report of a prednisone treatment failure in an 
adolescent with Crohn's disease was attributed to non- 
compliance after detailed pharmacokinetic studies were 
employed." In this case, detection of the noncompli- 
ance issue was essential for amelioration of the disease 
and avoidance of surgery. In selected situations we have 
monitored random blood samples for glucocorticoid 
concentrations in conjunction with endogenous cortisol 
concentrations in patients with severe asthma. It has 
been surprising to us that patients with life-threatening 
disease will design their own dosage-reduction regi- 
mens even under close medical supervision. 

Although the majority of patients respond to oral 

glucocorticoids, there is a subpopulation who will not. 
Part of the clinical evaluation of these patients should 
include pharmacokinetic studies to determine if a per- 

turbation is, at least in part, responsible for the persis- 
tently unstable asthma or other inflammatory disease. 

We thank Maureen Plourd-Sandoval for editorial assistance 

and Eleanor Brown, MT, ASCP, for technical assistance. 
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