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/ABSTRACT

Background. In a previous pilot study, adrenal suppression was
found to be common after antiemetic dexamethasone therapy in
cancer patients. The objective of this large prospective multicenter
study was to confirm the incidence and factors associated with
secondary adrenal suppression related to antiemetic dexameth-
asone therapy in cancer patients receiving chemotherapy.
Methods. Chemotherapy-naive patients who were scheduled to
receive at least three cycles of highly or moderately emetogenic
chemotherapy with dexamethasone as an antiemetic were
enrolled. Patients with a suppressed adrenal response before
chemotherapy or those administered corticosteroids within 6
months of enrollment in the study were excluded.

Results. Between October 2010 and August 2014, 481 patients
receiving chemotherapy underwent the rapid adrenocortico-
tropic hormone (ACTH) stimulation test to assess eligibility;
350 of these patients were included in the final analysis. Fifty-six

patients (16.0%) showed a suppressed adrenal response
in the rapid ACTH stimulation test at 3 or 6 months after the
start of the first chemotherapy. The incidence of adrenal
suppression was affected by age, performance status, stage,
and use of megestrol acetate in univariate analysis. Multivar-
iate analysis revealed that secondary adrenal suppression
associated with antiemetic dexamethasone therapy was
significantly associated with megestrol acetate treat-
ment (odds ratio: 3.06; 95% confidence interval: 1.60 to 5.86;
p < .001).

Conclusion. This large prospective study indicates that approx-
imately 15% of cancer patients receiving chemotherapy with
a normal adrenal response show suppressed adrenal re-
sponses after antiemetic dexamethasone therapy. This result
was particularly significant for patients cotreated with
megestrol acetate. The Oncologist 2015;20:1432-1439

Implications for Practice: This large prospective multicenter study indicates that approximately 15% of cancer patients receiving
chemotherapy with a normal adrenal response show secondary adrenal suppression after antiemetic dexamethasone therapy.
Adrenal suppression was particularly significant for patients cotreated with megestrol acetate. Clinicians need increased
awareness of the potential for adrenal insufficiency secondary to antiemetic dexamethasone therapy in cancer patients receiving
chemotherapy. These findings should help encourage prospective studies designed to determine the adequate doses and
durations of antiemetic dexamethasone therapy required to reduce dexamethasone-related adverse effects while controlling
chemotherapy-induced nausea and vomiting.
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Corticosteroids are effective in the prevention of chemotherapy-
induced nausea and vomiting (CINV) in both the acute and
delayed phases [1, 2]. The antiemetic mechanisms of action of
corticosteroids are incompletely understood but are thought
to include inhibition of prostaglandin synthesis, anti-
inflammatory efficacy, and serotonin receptor antagonism
[3—5]. Although no randomized study has compared the
antiemetic potency of available corticosteroids, the most
frequently used steroid asan antiemeticis dexamethasone.
Dexamethasone is usually used in combination with
serotonin (5-hydroxytryptamine 3 [5-HT3]) or neurokinin-1
receptor antagonists for highly or moderately emetogenic
chemotherapy or as monotherapy for mildly emetogenic
chemotherapy [6-9].

The repeated and chronic use of high doses of dexa-
methasone is associated with many adverse systemic effects
including insomnia, epigastric discomfort, agitation, weight
gain, and hyperglycemia, although these adverse effects can
be managed and are thought to be outweighed by the benefits
of dexamethasone [10]. One of the most serious adverse
events of dexamethasone is secondary adrenal insufficiency,
which manifests as various symptoms such as fatigue, loss of
appetite, nausea, vomiting, and diarrhea [11, 12]. However,
theincidence of secondary adrenal suppression associated
withtherepeated use of dexamethasone forthe prevention
of CINV has not been reported. We conducted a pilot study
to assess the incidence of adrenal suppression in 103
patients receiving chemotherapy with dexamethasone as
an antiemetic; it was found that adrenal suppression is
common (43.7%) after antiemetic dexamethasone ther-
apy [13]. We designed a larger prospective multicenter
study to confirm the incidence of and factors associ-
ated with secondary adrenal suppression related to anti-
emetic dexamethasone therapy in cancer patients receiving
chemotherapy.

MATERIALS AND METHODS

Study Design and Patients

The present study was conducted to confirm the in-
cidence and factors associated with secondary adre-
nal suppression related to antiemetic dexamethasone
therapy in cancer patients receiving chemotherapy. This
study was a prospective multicenter study involving nine
institutions of the Korean South West Oncology Group
(KSWOG). All patients provided writteninformed consent
to participate in the study, which was reviewed and
approved by the institutional review board of each
participating hospital.

Chemotherapy-naive patients with histologically con-
firmed cancer who were scheduled to receive highly or
moderately emetogenic chemotherapy with antiemetic dexa-
methasone for at least 3 days per cycle were enrolled. Patients
were required to have a life expectancy of =3 months and
adequate hematologic, hepatic, and renal function. Exclu-
sion criteria included a suppressed baseline adrenal re-
sponse before chemotherapy, corticosteroids administered
within 6 months of enrollment in the study, history of
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autoimmune disease, serious concurrent infection or non-
malignant illness, and history of adrenalectomy or adrenal
metastasis.

Antiemetic Treatments

According to the National Comprehensive Cancer Network
guidelines [9], all patients treated with highly emetogenic
chemotherapy received 125 mg of an oral aprepitant plus a
5-HT3 receptor antagonist and 10—12 mg dexamethasone on
day 1, 80 mg of an oral aprepitant and 7—8 mg of daily oral
dexamethasone on days 2 and 3, and 7-8 mg of dexameth-
asone on day 4. Patients treated with moderately emetogenic
chemotherapy received a 5-HT3 receptor antagonist and 10—
12 mg of dexamethasone on day 1, followed by 7—8 mg of daily
dexamethasone on days 2 to 3. These antiemetics were
administered every 2—4 weeks according to the chemotherapy
schedule.

Rapid Adrenocorticotropic Hormone Stimulation Test

Adrenal function was assessed using the rapid adrenocortico-
tropic hormone (ACTH) stimulation test before chemotherapy
and 3 and 6 months after the start of chemotherapy. The low-
dose (1 wg) ACTH stimulation test is more sensitive than the
standard-dose (250 ug) ACTH stimulation test for establishing
a diagnosis of secondary adrenal suppression [14]; however,
the standard-dose ACTH stimulation test was used because it
has been used as the standard test in the initial assessment of
adrenal function, and the low-dose ACTH stimulation test is
physician intensive. Patients showing suppressed adrenal
response in the rapid ACTH stimulation test before chemo-
therapy were excluded. To minimize the direct effect of
chemotherapeutic agents and the transient inhibition of
adrenal function by dexamethasone, ACTH stimulation tests
were performed between 8 and 11 a.m. just before chemother-
apy. Baseline serum cortisol and ACTH levels were obtained, and
then 250 ug of tetracosactide (Synacthen; Novartis, Basel,
Switzerland, https://www.novartis.com), a synthetic ACTH, was
administered by bolus intravenous injection. Blood was then
drawn at 30 and 60 minutes after injection to determine serum
cortisol level. Secondary adrenal suppression was defined by
standard criteria as a failure of stimulated serum cortisol to rise
above 18 ug/dL (500 nmol/L) after ACTH administration [15, 16].

Assessment of Symptoms Associated With Adrenal
Insufficiency and Quality of Life After

Prednisolone Replacement

If response to the rapid ACTH stimulation test was suppressed
at 3 or 6 months, the symptoms associated with adrenal
insufficiency were investigated using a self-report question-
naire focused on the six most common symptoms—weakness,
anorexia, nausea, vomiting, abdominal pain, and diarrhea
[16]—each scored using a 15-cmvisual analog scale (VAS). Zero
centimeters was labeled “no symptom,” and 15 cm was labeled
“worst symptom you can imagine.” The patient placed a mark
on the line at the point that represented his or her own
perception of the current state. The score is determined by
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Assessed for eligibility
(n =481)

Adrenal Suppression After Antiemetic Dexamethasone

Excluded (n=131)

*|  Follow-up loss (n=23)

Withdrawal of consent (n = 3)

Suppressed adrenal response to the baseline rapid ACTH stimulation test (n = 41)

Did not receive at least three cycles of highly or moderately emetogenic chemotherapy (n = 40)

Died before the rapid ACTH stimulation test at 3 months (n = 18)

Failure in at least one entry criterion (n = 6)

\i

Completed rapid ACTH stimulation test at 3 months,

included in final analysis

(n=350)

Y

Completed rapid ACTH stimulation test at 6 months
(n=196)

Figure 1. Flow diagram of the patients.
Abbreviation: ACTH, adrenocorticotropic hormone.

measuring the distance in centimeters from the left end of the
line to the point marked by the patient. Health-related quality
of life was also measured with the European Organization for
Research and Treatment of Cancer Quality of Life Questionnaire-
Core 30 (EORTC QLQ-C30). Patients with suppressed adrenal
response received 7.5 mg of prednisolone replacement daily for
1-2 weeks; after prednisolone treatment, the symptoms
associated with adrenal insufficiency and EORTC QLQ-C30 were
followed using the same self-report questionnaire.

Statistical Analysis

The sample size was calculated under the following assumptions.
Theincidence of adrenal suppression occurring in cancer patients
receiving systemic chemotherapy with antiemetic dexametha-
sone therapy was expected to be approximately 35% (p = .35)
based on a pilot study [13]. The number of patients required can
be assessed using the following formula with 95% confidence
interval and 5% sampling error:n = (2 X Z; _,» \/p(l —p)/(2X
samplingerror) = (2 X 1.96 \/0.35(1 —0.35))/(2X0.05)[17,18].
We estimated that 350 patients needed to be enrolled to assess
the incidence of adrenal suppression after antiemetic dexameth-
asone therapy in cancer patients receiving chemotherapy.

The Student t test was used to compare means when there
were two categories, and one-way analysis of variance was used
when there were more than two categories. Proportions were
compared using two-way tables and chi-square tests. The paired
t test was used to assess the changes in symptoms associated
with adrenal insufficiency and the EORTC QLQ-C30 scale before
and after prednisolone replacement. Univariate and multivar-
iate regression analyses were performed to investigate the
relationship between the incidence of adrenal suppression and
clinical variables. Potential explanatory variables were age (<60
or =60 years), sex (female or male), Eastern Cooperative
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Oncology Group (ECOG) performance status (0, 1, or 2—3),
primary site of tumor (lung, breast, stomach, colorectal, or
others), stage (I, Il, Il, or 1V), intent of first chemotherapy
(adjuvant, palliative, or neoadjuvant and concurrent chemo-
radiation), emetic risk of first chemotherapy (high or moderate),
chemotherapeutic agents (platinum or nonplatinum based),
andthe use of megestrol acetate (yes or no). A p-value <.05 was
considered statistically significant. All statistical analyses were
performed using SPSS for Windows software, version 17.0 (IBM
Corp., Armonk, NY, http://www.ibm.com).

RESULTS

Patient Characteristics

From October 2010 to August 2014, 481 patients underwent
the baseline rapid ACTH stimulation test for eligibility before
first chemotherapy, and 131 of these patients were excluded
because they either showed a suppressed adrenal response to
the baseline rapid ACTH stimulation test (41 patients), did not
receive at least 3 cycles of highly or moderately emetogenic
chemotherapy (40 patients), were lost to follow-up (23
patients), died before the rapid ACTH stimulation test at 3
months after firstchemotherapy (18 patients), failed to comply
with at least one entry criterion (6 patients), or withdrew their
consent (3 patients). Consequently, 350 and 196 patients
underwent the rapid ACTH stimulation test at 3 and 6 months,
respectively, after the start of the first chemotherapy with
dexamethasone as an antiemetic (Fig. 1).

The baseline characteristics of these 350 patients are
described in Table 1.The median age was 57 years (range: 21-80
years), and 337 patients (96.6%) had good performance status
(ECOG 0-1). Atotal of 136 patients (38.9%) had stage IV disease,

O?fi?ologist”


http://www.ibm.com

Han, Park, Park et al.

Table 1. Patient characteristics

Characteristics Results
Age, years

Median (range) 57.0 (21-80)

<60 206 (58.9)

=60 144 (41.1)
Sex

Male 161 (46.0)

Female 189 (54.0)
ECOG performance status

0 210 (60.0)

1 127 (36.3)

2 12 (3.4)

3 1(0.3)
Primary site of tumor

Breast 123 (35.1)

Colorectal 73 (20.8)

Stomach 93 (26.6)

Lung 31(8.9)

Others 30(8.6)
Stage

[ 59 (16.9)

I 73 (20.9)

11 82 (23.4)

\Y 136 (38.9)
Intent of 1st chemotherapy

Adjuvant 185 (52.9)

Palliative 151 (43.1)

Neoadjuvant and CCRT 14 (4.0)
Emetic risk of first chemotherapy

High 192 (54.9)

Moderate 158 (45.1)
Chemotherapeutic agents

Platinum-based 199 (56.9)

Nonplatinum based 151 (43.1)
Use of megestrol acetate

No 267 (76.3)

Yes 83(23.7)

Data are shown as number (percentage) except as indicated.
Abbreviations: CCRT, concurrent chemoradiation; ECOG, Eastern
Cooperative Oncology Group.

and 151 patients (43.1%) received palliative chemotherapy. In
addition, 199 patients (56.9%) received a platinum-based
chemotherapeutic agent, and 83 patients (23.7%) received
megestrol acetate to relieve symptoms of anorexia before the
ACTH stimulation test at 3 or 6 months.

Results of the Rapid ACTH Stimulation Test

Compared with the baseline cortisol level before the first
chemotherapy, a significant decrease in cortisol level was
observed at 3 and 6 months after the start of the first
chemotherapy using antiemetic dexamethasone. Cortisol
levels (mean * SD) were 15.5 = 7.1 ug/dL at baseline,
12.2 = 7.8 ug/dLat3months (p <.001),and 12.3 = 7.0 ug/dL

www.TheOncologist.com

1435

Table 2. The incidence of adrenal suppression as determined
by the rapid adrenocorticotropic hormone stimulation test

Normal adrenal Suppressed
Time point response adrenal response
Within 6 months 294 (84.0) 56 (16.0)
3 months (n = 350) 303 (86.6) 47 (13.4)
6 months (n = 196) 179 (91.3) 17 (8.7)

at 6 months (p < .001). Stimulated serum cortisol levels after
30minuteswere 28.2 = 7.9 ug/dLat baseline, 25.4 = 10.2 ug/dL
at 3 months (p <.001),and 26.5 = 9.7 ug/dLat 6 months (p =
.044). Stimulated serum cortisol levels after 60 minutes were
33.7 = 9.8 ug/dL at baseline, 30.4 = 12.1 ug/dL at 3 months
(p <.001),and 31.8 = 11.6 ug/dL at 6 months (p = .058).

The incidence of adrenal suppression is presented in
Table 2. If secondary adrenal suppression was defined as
a failure of stimulated serum cortisol to rise above 18 ug/dL
after ACTH administration, 56 of the 350 patients (16.0%)
showed a suppressed adrenal response to ACTH stimulation
within 6 months of starting first chemotherapy using
dexamethasone as an antiemetic. At 3 and 6 months after
the start of the first chemotherapy, 47 of the 350 patients
(13.4%) and 17 of the 196 patients (8.7%) showed a suppressed
adrenal response to ACTH stimulation.

Cumulative Dose and Duration of Dexamethasone and
Megestrol Acetate Therapy

The patients with a suppressed adrenal response received
alarger cumulative dexamethasone dose (mean = SD: 160.1 =
68.2 vs. 180.2 = 99.3 mg; p = .001) (Fig. 2A) and received
dexamethasone for alonger period (mean * SD:19.0 = 7.7 vs.
20.4 + 9.0days; p = .024) (Fig. 2B) than patients with a normal
adrenal response. Likewise, the patients with a suppressed
adrenal response received a larger cumulative megestrol
acetate dose (mean = SD: 3.8 = 10.5vs. 11.9 £ 186 g; p <
.001) (Fig. 2C) and received megestrol acetate for a longer
period (mean = SD:4.9 + 12.9vs. 16.6 * 24.1 days; p < .001)
than patients with a normal adrenal response (Fig. 2D).

Univariate and Multivariate Analysis of
Adrenal Suppression
Theincidence of adrenal suppression based on clinical variablesis
shown in Table 3. The incidence of adrenal suppression was
significantly affected by age, ECOG performance status, stage, and
the use of megestrol acetate in univariate analysis. The incidence
of adrenal suppression in patients aged <60 and =60 years was
11.7% and 22.2%, respectively (p = .012). The incidence of
adrenal suppression for patients with ECOG performance0, 1,and
2—-3 was 11.9%, 21.3%, and 30.8%, respectively (p = .007).
Patients with advanced tumor stage (19.5% for stage lll and 20.6%
for stage IV) also showed adrenal suppression more often than
patients with less advanced stage (10.2% for stage | and 8.2% for
stage ll) (p = .014). Twenty-nine of the 267 patients (10.9%) who
did not receive megestrol acetate had a suppressed adrenal
response, whereas 27 of the 83 patients (32.5%) who received
megestrol acetate had a suppressed adrenal response (p < .001).
The use of megestrol acetate was a significant factor only
for the incidence of secondary adrenal suppression associated
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Figure 2. Cumulative dose and duration of antiemetic dexamethasone and megestrol acetate according to the adrenal response. (A):
Dose of dexamethasone (in milligrams). (B): Duration of dexamethasone (in days). (C): Dose of megestrol acetate (in grams). (D): Duration

of megestrol acetate (in days).

with antiemetic dexamethasone therapy (p = .001); other
clinical characteristics were not found to be significantly
associated with adrenal suppression in multivariate analysis
(Table 3).

Changes in Symptoms Associated With Adrenal
Insufficiency and QOL After Corticosteroid Treatment
Twenty-three (41.1%) of the 56 patients with suppressed
adrenal response received prednisolone replacement for 1-2
weeks and were assessed for symptoms associated with
adrenal insufficiency and EORTC QLQ-C30 before and after
corticosteroid treatment (Table 4). The symptoms of adrenal
insufficiency as assessed by VAS (mean * SD) were 12.09 =
12.22 and 10.65 * 10.05 cm before and after 1-2 weeks of
prednisolone replacement, respectively; however, this differ-
ence was not statistically significant (p = .291). Furthermore,
the functional and symptom scales of EORTC QLQ C-30 also
showed no statistically significant differences after prednis-
olone replacement. There was animprovement in the EORTC
QLQ C-30 global health status scale after prednisolone
replacement (mean * SD: 44.57 = 17.34 to 54.35 *+ 23.55;
p = .031).

DISCUSSION

This large prospective multicenter study showed that the
incidence of secondary adrenal suppression was approxi-
mately 15% after antiemetic dexamethasone therapyin cancer
patients receiving chemotherapy. Furthermore, secondary
adrenal suppression after antiemetic dexamethasone therapy
was significantly affected by megestrol acetate treatment.

©AlphaMed Press 2015

No previous study has reported adrenal insufficiency after
antiemetic dexamethasone therapy, despite the fact that
dexamethasone is the most frequently used antiemetic for the
prevention of CINV in cancer patients receiving chemotherapy.
In a previous pilot study, we assessed the incidence of adrenal
suppression related to antiemetic dexamethasone therapy in
cancer patients [13]. Adrenal suppression after antiemetic
dexamethasone therapy was demonstrated biochemically in
45 of 103 patients (43.7%) and was more common in patients
receiving megestrol acetate concomitantly. The incidence of
adrenal suppression in the present prospective study (16.0%)
was much lower than that in the pilot study (43.7%), and that
could be explained by several factors. First, the previous pilot
studydid notinclude any baseline ACTH stimulation test before
chemotherapy. This present multicenter study excluded not
only patients with clinical factors associated with suppressed
adrenal response (history of adrenalectomy, adrenal metasta-
sis, or the use of corticosteroid within 6 months of enroliment)
but also patients who showed a suppressed adrenal response
in the ACTH stimulation test before chemotherapy. In the
baseline ACTH stimulation test, approximately 10% (41
patients) of all assessed patients were found to have
a suppressed adrenal response before chemotherapy. These
patients, who were excluded, were older (median: 67.0 vs. 57
years), had a poorer ECOG performance status (ECOG
performance status 1 and 2, 70.7% vs. 40.0%), and many had
a more advanced tumor stage (stage IV, 56.1% vs. 38.9%) than
the patients who were included in the study. Second, possible
differencesin baseline characteristics between the two studies
may have affected the adrenal response. The pilot study
included older patients (median: 63.5 vs. 57.0 years), more
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Table 3. Univariate and multivariate analysis of adrenal suppression

Univariate analysis

Multivariate analysis

Normal adrenal
response

Suppressed adrenal

response

Variable n (n = 294), n (%) (n = 56), n (%) p value OR (95% ClI) p value
Age, years .012 .231
<60 206 182 (88.3) 24 (11.7)
=60 144 112 (77.8) 33(22.2) 1.51 (0.77—2.99)
Sex .074 .559
Female 189 164 (86.8) 25(13.2)
Male 161  130(80.7) 31(19.3) 1.28 (0.57—2.88)
ECOG performance status .007 .606
0 210  185(88.1) 25(11.9)
1 127  100(78.7) 27 (21.3) 1.24 (0.60—2.57)
2-3 13 9(69.2) 4(30.8) 2.02 (0.49-8.39)
Primary site of tumor .098 .615
Lung 31 28(90.3) 3(9.7)
Breast 123 114 (89.4) 13 (10.6) 3.43 (0.58-20.24)
Stomach 93 76 (81.7) 17 (18.3) 1.97 (0.50—7.75)
Colorectal 73 58 (79.5) 15 (20.5) 2.18 (0.55—8.68)
Others 30 22 (73.3) 8(26.7) 3.10(0.68—14.13)
Stage .014 .703
I 59 53 (89.8) 6(10.2)
I 73 67 (91.8) 6(8.2) 0.80 (0.23—2.76)
] 82 66 (80.5) 16 (19.5) 1.73 (0.42—7.18)
\Y) 136 108 (79.4) 28 (20.6) 1.60 (0.35—7.38)
Intent of 1st chemotherapy 426
Adjuvant 185  158(85.4) 27 (14.6)
Palliative 151 124(82.1) 27 (17.9)
Neoadjuvant and CCRT 14 12 (85.7) 2(14.3)
Emetic risk of first chemotherapy .515
Highly 158  130(82.3) 28 (17.7)
Moderately 192 164 (85.4) 28 (14.6)
Chemotherapeutic agents 434
Platinum-based 199 164 (82.4) 35(17.6)
Nonplatinum based 151 130 (86.1) 21(13.9)
Use of megestrol acetate <.001 .001
No 267  238(89.1) 29 (10.9)
Yes 83 56 (67.5) 27 (32.5) 3.06 (1.60-5.86)

Abbreviations: CCRT, concurrent chemoradiation; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; OR, odds ratio.

patients whose ECOG performance status was 2 or 3(25.3%vs.
3.4%), and more patients receiving palliative chemotherapy
(73.8% vs. 43.1%) than the present study. Third, the pilot study
showed a significantly higher mean cumulative dose of
dexamethasone (251.8 vs. 158.7 mg), mean cumulative
duration of dexamethasone (25.5 vs. 19.5 days), percentage
of patients receiving megestrol acetate (56.3% vs. 23.7%),
mean cumulative dose of megestrol acetate (22.7 vs. 5.1 g),
and mean cumulative duration of megestrol acetate (28.3 vs.
6.8 days) than the present study. Consequently, based on the
results in this study, the incidence of secondary adrenal
suppression after antiemetic dexamethasone therapy is
associated with age, performance status, advanced tumor
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stage, cumulative dose and duration of dexamethasone, and
cumulative dose and duration of megestrol acetate treatment.

Megestrol acetate, a synthetic progestational agent has
been used in the treatment of metastatic breast cancer and
endometrial cancer [19—-21] and has also been used for
stimulating appetite in patients with wasting illness, including
patients with cancer-associated anorexia and cachexia [22, 23].
Megestrol acetate has glucocorticoid activity, and high doses or
a prolonged treatment period with megestrol acetate reduce
plasma ACTH and cortisol secretion, leading to adrenal
insufficiency secondary to prolonged suppression of the
hypothalamic-pituitary-adrenal axis [24—27]. In both the pilot
and this study, megestrol acetate treatment was significantly
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Table 4. Changes in symptoms associated with adrenal
insufficiency and quality of life after corticosteroid treatment

Patients with suppressed
adrenal response (n = 23),
mean = SD

Before
prednisolone

After
prednisolone

Changes replacement replacement pvalue
Symptoms associated  12.09 = 12.22 10.65 *= 10.05 .291
with adrenal

insufficiency (cm)

EORTC QLQ-C30 (score)

Global health status  44.57 £ 17.34 54.35 = 2355 .031

Functional scales

Physical 67.25 £25.89 68.70 =30.25 .772
functioning

Role functioning  71.01 = 33.42 73.19 = 35.44 .665
Emotional 77.17 =25.90 78.99 =29.82 .645
functioning

Cognitive 78.99 +18.95 78.99 = 29.82 1.000
functioning

Social functioning 76.09 * 23.48 72.46 =31.22 .478

Symptom scales

Fatigue 39.61 +30.30 33.82 =29.68 .348
Nausea and 10.14 = 22.33 12.32 +26.69 .589
vomiting

Pain 20.29 £27.50 21.74 =32.35 .765
Dyspnea 21.74 £29.49 21.74 = 27.72 1.000
Insomnia 28.99 £ 33.79 26.09 =34.75 .692
Appetite loss 28.99 = 28.96 26.09 =34.75 .714
Constipation 17.39 = 26.34 15.94 +29.93 .747
Diarrhea 10.14 = 2343 8.70 £22.96 .328

Financial difficulties 27.54 = 29.56 28.99 =33.79 .714

Abbreviation: EORTC QLQ-C30, European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire-Core 30.

associated with adrenal suppression on antiemetic dexameth-
asone therapy. The incidence of adrenal suppression in cancer
patients cotreated with antiemetic dexamethasone and meges-
trol acetate was remarkable: 30 of 58 patients (51.7%) in the pilot
study and 27 of 83 patients (32.5%) in this study showed
a suppressed adrenal response in the ACTH stimulation test. It is
very impressive that the frequency of adrenal suppressionis high
in such cases because dexamethasone and megestrol acetate are
commonly used in many cancer patients as an antiemetic and as
an aperient against anorexia, respectively.

To prevent or reduce CINV, cancer patients on chemother-
apy are repeatedly administered dexamethasone over long
periods of time, and that substantially increases the risk of
adrenal insufficiency; however, some of the symptoms of
adrenal insufficiency, such as fatigue, weakness, anorexia,
nausea, vomiting, and diarrhea, are also common in patients
with advanced malignancies for other reasons (e.g., tumor
itself, chemotherapy-related adverse events, certain medi-
cines, metabolic imbalance, and psychologic problems).
Consequently, the diagnosis of adrenal insufficiency is
frequently delayed unless there is a high degree of clinical
suspicion or adrenal function tests are performed, and the
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condition is probably under-recognized clinically. Further-
more, many cancer patients receiving chemotherapy often
suffer from chemotherapy-related adverse events including
severe myelosuppression and infection. The potential impact
of even mild adrenal insufficiency in these patients can be
hazardous because cortisol has vital circulatory effects in
response to stress [28].

The present study has several limitations. A biochemically
suppressed ACTH stimulation test does not always mean overt
clinical adrenal insufficiency. The improvement in symptoms
associated with adrenal insufficiency was observed in the pilot
study when patients with a suppressed adrenal response were
treated with prednisolone, but no improvement was observed
in the most common symptoms associated with adrenal
insufficiency or in the symptom scales of the EORTC QLQ C-30
questionnaire used in this study, although there was
a significant improvement in the EORTC QLQ C-30 global
health status scale. In the present study, only 23 of 56 patients
(41.1%) with suppressed adrenal function received predniso-
lone replacement and were assessed for symptoms associated
with adrenal insufficiency and QOL before and after prednis-
olone replacement, and these patients were not likely to have
had overt clinical adrenal insufficiency. Furthermore, gluco-
corticoid replacement was given fora minimum of =2 weeksin
previous longitudinal studies investigating health-related QOL
in patients with adrenal insufficiency [29]; therefore, the
relatively shorter period of 1 or 2 weeks of prednisolone
treatment used in the present study may have been why we
observed no improvement in the symptoms of adrenal
insufficiency or in the symptom scales of EORTC QLQ C-30.
Moreover, multiagent chemotherapy could have influenced
adrenal function; however, we performed an ACTH stimulation
test just before the next cycle after a cycle of chemotherapy to
minimize the direct effect of chemotherapeutic agents. Finally,
we could not compare adrenal suppression for all chemother-
apeutic agents but compared the incidence of adrenal
suppression based on the use of platinum-based chemother-
apy, whichisalready known to affect adrenal function [30], and
found no significant difference.

CONCLUSION

This large prospective multicenter study indicates that
approximately 15% of cancer patients receiving chemotherapy
with a normal adrenal response show secondary adrenal
suppression after antiemetic dexamethasone therapy for the
prevention of CINV. Adrenal suppression was affected by age,
performance status, and stage and was particularly significant
for patients cotreated with megestrol acetate. Clinicians need
increased awareness of the potential for adrenal insufficiency
secondary to antiemetic dexamethasone therapy in cancer
patients receiving chemotherapy.
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