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A comparison of adrenocortical function before and after wreatment with either intranasal
triamcinolone acetonide aerosol (ITAA), prednisone, or placebo was done. Sixty-two male
subjects with allergic rhinitis were treated for 6 weeks with either ITAA (220 or 440 ug/day),
oral prednisone (10 mg/day), or placebo in double-blind, parallel-group fashion.
Adrenocortical function was assessed by 6-hour cosyntropin stimulation before and at the end of
the treatment period. The placebo-treated and two ITAA-treated groups produced no changes in
adrenocortical function with treatment, and the ITAA-treated groups were not different from the
placebo-treated group with mean * SEM changes in stimulated plasma cortisol (micrograms
per deciliter) as follows: placebo, —2.68 + 1.77; ITAA 220 pug, —2.69 = [.18; [TAA 440
ug. —2.96 = 1.81. The prednisone-treated group had a mean reduction in adrenocortical
function (mean + SEM change in stimulated plasma cortisol of —19.8 = 1.77 ug/dl) that was
significant (p < 0.0001) compared with that of the placebo-treated group. The results of this
study indicate that 6 weeks of treatment with 220 ug/day or 440 ug/day of ITAA has no effect
on adrenocortical function, but prednisone, at a dosage of 10 mg/day for 6 weeks, produces
partial adrenocortical suppression. (J ALLERGY CLIN IMMUNOL 1992:89:1151-6.)
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The glucocorticoid, TA, has recently been approved
for use in the United States as ITAA (Nasacort; Rhone-
Poulenc Rorer, Collegeville, Pa.) for the treatment of
AR because of its potent antiinflammatory properties.
However, exogenous glucorticoids can be associated
with suppression of the HPA axis if the doses are of
sufficient magnitude and duration to produce adrenal
atrophy.'" The resultant adrenocortical insufficiency
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would make patients vulnerable when they were under
physiologic stress, as with trauma or surgery.’* Even
with therapeutic doses of glucocorticoids, this type of
adverse effect can occur, having been reported in sub-
jects receiving parenterally injected, ® orally in-
haled,”" and oral* '" }? glucocorticoids. There have
been few studies in the literature of reduced HPA
function associated with therapeutic use of intranasal
glucocorticoids, but mild reductions in morning
plasma cortisol levels have been reported in subjects
receiving combined intranasal and orally inhaled be-
clomethasone dipropionate'® for a total daily dose of

1151



1152 Feiss et al.

1 mg, as well as reductions in morning plasma cortisol
and 24-hour urinary 17-ketogenic steroids in subjects
receiving 700 ng/day of intranasal flunisolide for only
10 days.™

ITAA is currently recommended for use at once-
daily dosages of 220 or 440 ug/day and has been
demonstrated to be efficacious at these dose levels in
the treatment of rhinitis.'* These therapeutic regimens
do produce measurable systemic TA exposure as fol-
lows: an initial single dose of ITAA, 440 ug, had
mean plasma C,,,, of 0.4* and 0.53 ng/ml* and after
6 weeks of continuous daily treatment, produced mean
Cosx and mean steady-state (Cave,.,,) plasma concen-
trations of 0.97 and 0.19 ng/ml, respectively.'” These
C.axs 0occurred at 3 to 4 hours after dose, and the half-
life of TA appears to be approximately 4 hours when
it is delivered intranasally.'® "

This study was undertaken to determine if 6 weeks
of treatment with ITAA at the doses recommended for
clinical use would reduce adrenocortical function.

MATERIAL AND METHODS
Subjects

Sixty-four male subjects initially entered the study, but
two subjects did not return for follow-up evaluations; there-
fore, all data reflect results from the 62 remaining subjects.
All subjects had at least a 2-year history of AR with positive
skin test response to perennial and/or seasonal allergens
present in their environment and were symptomatic, re-
quiring treatment. The subjects’ ages ranged from 18 to 63
years, with a mean of 32.5 years. None of these subjects
had a history of treatment with any glucocorticoid within
the previous year. Although approximately 12% of the sub-
jects had concomitant asthma, they were treated with the-
ophylline and inhaled $-agonists only. The subjects were
otherwise healthy without conditions or concomitant med-
ications that could have altered glucocorticoid disposition.
All subjects gave informed consent before undergoing any
study procedures.

Study design

This study was conducted in double-blind, placebo-con-
trolled, and positive-controlled fashion at four study centers
in the United States. The protocol and informed consent
forms were reviewed and approved by an institutional review
board in each case. Subjects were randomly assigned to four
groups and received either placebo, [TAA, 220 or 440 pg,
or 10 mg of oral prednisone for 6 weeks in parallel fashion.
Adrenocortical function testing was conducted before treat-
ment and after the 6-week, double-blind treatment period.
With logistics, scheduling, and compliance variations ac-
counted for, the average total exposure was 40 days.

*Rhone-Poulenc Rorer Medical Summary WHR5029-115 (data on
file).

+Rhone-Poulenc Rorer Medical Summary WHR 5029-119 (data on
file).
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The ITAA, oral placebo, aerosol placebo, and prednisone
were supplied by Rorer Pharmaceutical Corp., Ft. Wash-
ington, Pa. ITAA was administered by metered-dose in-
halers that delivered either 27.5 or 55 pg per actuation;
cight actuations were used to achieve both the 220 and 440
g ITAA doses, maintaining blinding. Subjects received
doses once daily, in the moming. No concomitant gluco-
corticoid preparations were permitted during the treatment
period.

Adrenocortical function testing

Adrenocortical function was assessed by response to co-
syntropin stimulation conducted as a 6-hour infusion of 250
wg of Cortrosyn (synthetic ACTH, Organon, Inc., West
Orange, N.J.) in 500 ml of normal saline. Cosyntropin
stimulation is a sensitive and highly reproducible method
used to determine the capacity of the adrenal glands to
respond to stimulation'®?' and to assess the functional re-
serve of the adrenal cortex as the end organ of the HPA
axis. Test results obtained with cosyntropin stimulation have
been demonstrated to correlate highly with resuits obtained
with the insulin-induced hypoglycemia test,” * and it is
believed to reflect accurately the status of the entire HPA
axis.

Blood samples obtained before and at 2, 4, and 6 hours
during the infusion were assayed for plasma cortisol by a
central laboratory, (SciCor, Inc., Indianapolis, Ind.) with
fluorescence polarization immunoassay (TDx, Abbott Lab-
oratories, Irving Texas). This assay method was selected to
provide maximal sensitivity at higher ranges of plasma cor-
tisol, with linearity up to 60 ug/dl and a coefficient of
variation of 6.7% at high ranges of plasma or serum cortisol;
exogenous steroids are <5% cross-reactive in this assay.*
To minimize further potential interference, subjects did not
receive medication for more than 24 hours before testing.

Data analyses

Adrenocortical response to stimulation was quantitated
as the stimulation end point (sixth hour of stimulation plasma
cortisol concentration). The stimulation end point has been
demonstrated to be independent of the normal diurnal vari-
ation of cortisol.” ** For analytic purposes, the change from
before to after treatment in this value was calculated for
each subject. The mean changes were then calculated for
each group. The group data were analyzed in two steps: a
two-way analysis of variance was used initially to test for
treatment effects and interaction of study centers, and then
each active-treatment group mean was compared with that
of the placebo-treated group by one-sided Student’s ¢ test.

RESULTS
Pretreatment adrenocortical function

Before treatment, all subjects had normal stimu-
lation responses, with an unequivocal doubling from
basal levels to a value >40 pg/dl by the sixth hour
of infusion. Each subject’s pretreatment response

*Heritage S. Personal communication and methods on file (SciCor,
Inc.).
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clearly exceeded what would be expected from either
the rapid cosyntropin test'* or a prolonged infu-
sion.'” The pooled results (mean + SEM micrograms
per deciliter of plasma cortisol) for the 62 subjects
were 4.1 = 0.77, 36.19 = 0.77, 45.88 = 0.94,
and 50.65 = 1.42 at the prestimulation and 2-, 4-,
and 6-hour time points, respectively. These data re-
produced results previously reported in normal vol-
unteers within 6%,"” and these pretreatment results
allowed calculation of internal reference ranges for
both group mean and individual subject data. For
group means. these reference ranges were derived
from the pretreatment means + 2 SEM (SEMs cor-
rected for the smaller sample size of the treatment
groups) before stimulation and at 2, 4, and 6 hours,
and were 11.06 to 17.15, 32.46 to 39.92, 41.10 to
50.74, and 45.04 to 56.26, respectively. For individ-
ual subject data, the reference ranges were calculated
from the pretreatment mean and 2 SD at each time
point and were 1.91 to 26.29, 21.27 to 51.11, 26.42
to 65.34, and 31.61 to 69.71. These group mean and
individual subject reference ranges represent the ap-
proximate 95% confidence limits within which each
of the treatment groups or each subject could be ex-
pected to reproduce adrenocortic response to stimu-
lation and are included in Figs. 1 and 2.

Treatment effects between groups

At the end of the 6-week treatment period, the pred-
nisone-treated group had a significant reduction in
adrenocortical function compared with that of the pla-
cebo-treated group, whereas the two ITAA-treated
groups did not. These data are presented in Fig. 1 and
Table 1. The mean plasma cortisol levels of the pla-
cebo-treated and both ITAA-treated groups were al-
ways within the reference ranges, whereas the pred-
nisone-treated group had mean plasma cortisol below
the reference range at each time point, and the dif-
ferences became more pronounced with ongoing in-
fusion time.

When the stimulation end point (sixth hour of in-
fusion plasma cortisol) data were compared statisti-
cally for changes with treatment, the response to stim-
ulation for the prednisone-treated group was signifi-
cantly reduced (p < 0.0001) compared with that of
the placebo-treated group. The two ITAA-treated
groups were not different from the placebo-treated
group. The results of the analyses are included in
Table 1.

Treatment effects on individual subjects

The posttreatment stimulation-response data for the
individual subjects and the calculated reference ranges
are presented in Fig. 2. Within the prednisone-treated
group. a notable portion (approximately 50%) of the
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subjects were below the reference range at the stim-
ulation end point, having had reductions from before
treatment that exceeded expected test variability.™ All
subjects who had received ITAA reproduced their
stimulation response within expected limits and van-
ability, and the placebo-treated group had one subject
marginally below the reference range but within ex-
pected variability at the sixth hour of stimulation only.

DISCUSSION

The purpose of this study was to assess the effect
of two doses of ITAA, 220 and 440 pg once daily.
on adrenocortical function compared with that of in-
active and positive controls in a 6-week course of
treatment. With these dosing regimens, ITAA has
been demonstrated to be an effective treatment for
AR," but absorption and some systemic exposure has
also been measured with the 440 pg dose.*+ TA, when
it is administered as intramuscular injection (calcu-
lated daily dose, | mg or larger), has been associated
with an approximate 18% incidence of adrenocortical
suppression.™ ¢ The probability of adrenocortical
suppression is reduced but not eliminated with topical
glucocorticoids, and the adverse effects of clinical
doses of orally inhaled glucocorticoids on the HPA
system have been well addressed in the literature.” "
In other studies, HPA effects with intranasal gluco-
corticoids do not appear to be prevalent,” ** but at
least two studies'* ™ have found reductions in adre-
nocortical function when dose levels larger than levels
normally encountered in the clinical setting werc used.

ITAA did not induce any changes in adrenocortical
function over changes of placebo treatment at either
dose studied. Each of these three trcatment groups
reproduced mean responses to cosyntropin stimulation
very closely and were not statisticaily difterent. In
addition, all subjects who received either ITAA or
placebo were within expected ranges after treatment
and reproduced pretreatment testing within the limits
of expected variability. This is in contrast to the sub-
jects who recieved prednisone, wherein a reduction in
adrenocortical function occurred that was both statis-
tically significant for the group and clinically signif-
icant for a noteable percentage of the individuals. We
therefore conclude that ITAA did not have any de-
tectable effect on adrenocortical function. This finding
is very likely related to the doses of ITAA studied. In
comparison with the doses used in the studies cited
above in which intranasal administration of gluco-
corticoids produced some measurable HPA effects,

*Rhone-Poulenc Rorer Medical Summary WHRSG29-115 (data on
file}.

+Rhone-Poulenc Rorer Medical Summary WHR 5029-119 (data on
file).
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Fig. 1. Group mean plasma cortisol responses to prolonged (6 hour) adrenocortical stimulation
with cosyntropin (250 pg). Posttreatment group means = SEM: placebo (#); ITAA, 220 ug (e);
ITAA, 440 ng (m); prednisone (A). Reference range (—-) calculated from pretreatment mean = 2

SEM of all pooled data of subjects.

even 440 g of ITAA is fairly low. The findings of
this study cannot be extended beyond the doses in-
tended for clinical use, and the risk of HPA effects
with ITAA could conceivably increase as doses >440
png/day were administered.

Whenever a conclusion of no difference between
treatments is made, the possibility that the study de-
sign or methods were insensitive to detect a real dif-
ference must be excluded. The prednisone-treated

group was included in this study as a positive control
and was predicted to have a reduction in adrenocortical
function.® This prediction did occur, thus validating
that the general study design was sufficient to detect
differences. With regards to the method of adreno-
cortical stimulation, the 6-hour infusion that was used
can be expected to produce a maximal response of the
adrenals to stimulus and thereby minimize the pos-
sibility of a false reduction in function.'” The more
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Fig. 2. Individual subject posttreatment responses to prolonged {6 hour) adrenocortical stimu-
lation with cosyntropin {250 ng). A, Basal unstimulated plasma cortigsol concentrations after 6
weeks of treatment. B, End point stimulated plasma cortisol concentrations after 6 weeks of
treatment; placebo (@); ITAA, 220 pg (e) and 440 pg (®); prednisone (A). Reference range
(—) calculated from pretreatment mean += 2 SD of pooled data of ali subjects.

TABLE L. Adrenocortical function test results {(mean [SEM] plasma cortiscl, micrograms

per deciliter)

Hours of infusion

Treatment Treatment Change in 6-
group N phase 0 2 4 6 hour cortisol p*
Placebo 16  Before 13.44 (1.51) 36.72 (1.08) 45.76 (1.74) 50.01 (1.86)
After 11.46 (0.67) 34.87 (1.38) 43.76 (1.72) 47.33(1.96) --2.68¢1.77) —
ITAA (220 ng) 1S Before 14.33 (0.96) 35.57 (1.34) 44,93 (1.82) 49.33 (1.89)
After 11.36 (1.26) 33.04 (1.43) 41.67 (1.87) 46.63(2.35) -2.69(1.18) 0.478
ITAA (440 pg) 15 Before 15.09 (1.62) 36.14 (2.08) 45.27 (2.63) 51.77 (1.71)
After [2.78 (1.50) 34.01 (1.01) 43.83 (1.44) 48.81 ([.65) 296 1.8y 0435
Prednisone 16  Betore 13.63 (1.70) 36.28 (1.44) 47.46(1.72) 51.49 (1.74)
After 9.26 (0.94) 23.29(1.20) 28.84 (1.27) 31.69(1.48) ~19.8(1.7H

0.0001

*Compared with that of placebo: Student’s one-sided 1 test.

common rapid synthetic ACTH stimulation test is use-
ful for screening for clinical adrenal insufficiency, but
it has been reported to have an approximate 18% to
33% false-positive rate for identifying subjects with

reduced adrenocortical function who were later found
to be normal on sustained stimulation,” * and unsti-
mulated morning plasma cortisol concentrations were
not sensitive enough to detect the effect of prednisone
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in this study. Moreover, the 6-hour infusion will make
more apparent any relatively small decrement in ad-
renocortical function, an effect that is demonstrated
as the differences between the placebo-treated and
prednisone-treated group increasing with ongoing
stimulation time.

In conclusion, the results of this study do not pre-
clude the consideration of ITAA as a therapy for AR
on the basis of risk of adrenocortical suppression.

We thank John Harter, MD, and Patricia Love, MD, Food
and Drug Administration Center for Drug Evaluation and
Research, Rockville, Md., and George Chrousos, MD, Na-
tional Institutes of Health Clinical Center, Bethesda, Md.,
for their contributions to the design of this study.
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