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Multiple myeloma (MM) is the second most common hematologic malignancy and requires long-term and high-dose
corticosteroid-based chemotherapy. The aim of this study was to investigate the prevalence and clinical predictors of
corticosteroid-associated adrenal insufficiency (AI) in patients with MM receiving long-term chemotherapy. This retrospective
study included patients with MM who were administered corticosteroid-based chemotherapy and underwent a rapid
adrenocorticotropic hormone (ACTH) stimulation test between 2005 and 2018. AI was determined by a peak cortisol value <
18 ug/dL after ACTH stimulation. Demographic, clinical, and laboratory parameters were evaluated, and the prevalence and
clinical risk factors of AI were examined. Of 282 patients with MM who received corticosteroid-based chemotherapy, 142
patients (50.4%) were classified as having AI. There were no differences in age, sex, body mass index, comorbidities, and
laboratory findings, including serum sodium levels between the AI and no-AI groups. In univariate analysis, the cumulative
dose of corticosteroid (odds ratio (OR) =0.99, 95% confidence interval (CI) 0.98-0.99; P=0.020) and megestrol acetate use
(OR =2.63, 95% CI 1.48-4.67; P =0.001) were associated with the occurrence of Al. Cumulative duration and cumulative dose
per duration of corticosteroid use were not associated with the occurrence of AL. However, in the multivariate analysis, only
megestrol acetate use was associated with an increased risk of AI (OR=2.54, 95% CI 1.41-4.60; P =0.002). Approximately
95.8% of patients with AI had suspicious symptoms or signs of Al Although clinical symptoms and signs are usually
nonspecific, symptomatic patients with MM receiving long-term corticosteroid therapy have sufficient potential for developing
Al particularly when receiving megestrol acetate. These findings can help alert clinicians to consider adrenal suppression
following corticosteroid-based chemotherapy in patients with MM.

1. Introduction

Corticosteroid therapy has been used in malignant diseases
because of its anticancer efficacy; however, it is associated
with numerous adverse events [1, 2]. Chronic corticoste-
roid therapy is the most common cause of adrenal insuffi-
ciency (AI), which occurs due to inhibition of the
hypothalamic-pituitary-adrenal (HPA) axis through a nega-
tive feedback mechanism after discontinuation of exogenous

steroids [3, 4]. Although higher doses and long-term cortico-
steroid therapy may be risk factors for developing Al, previous
reports have reported inconsistent results regarding this.
Multiple myeloma (MM) is caused by the proliferation of
clonal plasma cells in the bone and bone marrow being the
second most common hematological malignancy. In the past,
induction therapy with alkylating agents and corticosteroids
or high-dose chemotherapy followed by autologous hemato-
poietic stem cell transplantation were the main treatments


https://orcid.org/0000-0002-5919-6162
https://orcid.org/0000-0003-3370-3987
https://orcid.org/0000-0002-0523-0839
https://orcid.org/0000-0002-2494-9902
https://orcid.org/0000-0002-0448-1345
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/2330417

for MM. In the last decade, the treatment of MM has evolved
with the development of more effective drugs, including pro-
teasome inhibitors, immunomodulatory drugs, monoclonal
antibodies, and histone deacetylase inhibitors. However, each
regimen is enhanced in combination with dexamethasone
[5]. Consequently, the majority of patients with MM are
exposed to long-term and high-dose corticosteroids and are
thus prone to developing Al

Al is potentially life-threatening, and corticosteroid
replacement is essential to prevent adrenal crisis, particularly
in acute stressful conditions such as trauma, surgery, and
severe infection, which are common among patients receiv-
ing chemotherapy [6-8]. Therefore, early diagnosis of Al
and proper corticosteroid replacement are important strate-
gies to reduce the risk of mortality in these patients. How-
ever, to date, epidemiological data on Al in patients with
MM have been sparse. In this context, we aimed to evaluate
the prevalence and clinical predictors of Al in patients with
MM receiving long-term chemotherapy.

2. Materials and Methods

2.1. Study Population. This retrospective study was con-
ducted at Chonnam National University Hwasun Hospital,
a tertiary referral cancer center in South Korea. The inclu-
sion criteria were patients who received chemotherapy for
newly diagnosed MM and underwent a rapid adrenocortico-
tropic hormone (ACTH) stimulation test during follow-up
between January 2005 and December 2018. Among the 414
eligible patients, six patients who had received corticosteroid
treatment or had preexisting AI before chemotherapy were
excluded. Thirteen patients who did not receive at least
two cycles of corticosteroid-based chemotherapy were also
excluded. None of the patients took estrogen-containing
medications. More than 90% of serum circulating cortisol
is present in protein-bound form (i.e., cortisol binding glob-
ulin or albumin). Hence, in conditions with reduced binding
proteins, such as hypoalbuminemia, cosyntropin-stimulated
serum total cortisol concentrations may be measured lower
than actual values, leading to false-positive Al results. There-
fore, we further excluded 113 patients who had hypoalbu-
minemia at the time of performing the rapid ACTH
stimulation test [9]. Finally, 282 patients with MM were
included in the analysis.

This study was approved by the Institutional Review
Board of Chonnam National University Hwasun Hospital
(IRB No. CNUHH-2021-079) and was conducted in accor-
dance with the guidelines of the Declaration of Helsinki.
The need for informed consent was waived because of the
retrospective design of the study.

2.2. Demographic Assessments and Corticosteroid Treatment.
Clinical characteristics of patients, including age, sex, body
mass index (BMI), and prevalence of comorbidities includ-
ing hypertension, type 2 diabetes mellitus (T2DM), cardio-
vascular disease (CVD), thromboembolism, and chronic
kidney disease (CKD), were evaluated based on the medical
records. Al-associated clinical symptoms and signs, includ-
ing general weakness, nausea, vomiting, anorexia, dizziness,
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and hypotension, were also retrospectively examined. The
duration of follow-up was defined as the time interval from
the initiation of chemotherapy to the rapid ACTH stimula-
tion test.

We collected data on the type, dose, and duration of
corticosteroid treatment during the follow-up period. To
adjust for differences in corticosteroid potency among
treatment regimens, we calculated the equivalent cortico-
steroid dose of prednisolone as the standard reference.
Approximate equivalent dose for 20 mg of hydrocortisone
was 5mg of prednisolone, 4mg of methylprednisolone,
and 0.75mg of dexamethasone [10]. The prevalence of
megestrol acetate use was also evaluated in the last chemo-
therapy regimen. We included all patients who were pre-
scribed megestrol acetate, regardless of the dose and
duration.

2.3. Rapid ACTH Stimulation Test and Biochemical
Measurements. The rapid ACTH stimulation test with
250 pg of synthetic ACTH (Synacthen; Novartis, Basel, Swit-
zerland) was used for the diagnosis of Al regardless of asso-
ciated symptoms or signs of Al This test was started in the
morning between 8 and 9 a.m., and 250 ug of Synacthen
was freshly prepared. After the collection of blood samples
for serum cortisol and plasma ACTH at baseline, synthetic
ACTH was administered intravenously. Additional blood
samples for serum cortisol levels were collected at 30 min
and 60 min after ACTH administration. The peak cortisol
value after ACTH injection of less than 18ug/dL
(500 nmol/L) was defined as AI [11]. Among 219 patients
on corticosteroid therapy at the time of rapid ACTH stimu-
lation test, 64 patients (29.2%) received prednisolone for 3-4
days a month with a median monthly dose of 75.0 mg (60.0-
100.0) and 155 patients (70.8%) received dexamethasone
therapy weekly, biweekly, or monthly with a median
monthly dose of 37.0 mg (20.0-80.0). Temporal stopping of
corticosteroid use is generally recommended for adrenal
function assessment: 24h for hydrocortisone and at least
48-72h for prednisone, prednisolone, and dexamethasone
before cosyntropin-stimulation test [12]. In the present
study, the rapid ACTH stimulation test was performed at
least 48h after the last administration of corticosteroids,
considering the biological half-life of exogenous corticoste-
roids. The mean time interval between the last dose of corti-
costeroid therapy and rapid ACTH stimulation test was
10.9 £ 13.5 months in 63 patients who had been on chemo-
therapy off status.

Thyroid function was evaluated in patients with suspi-
cious symptoms such as hyponatremia or generalized
edema. Otherwise, no other endocrine hormone evaluations
were performed.

Serum cortisol levels were measured by radioimmuno-
assay using RIAZENco CORTISOL (R-JG-100, ZenTech,
Liege, Belgium), and plasma ACTH was measured by
immunoradiometric assay using ELISA-ACTH (Cisbio
Bioassays International, Codolet, France). Estimated glo-
merular filtration rate (eGFR) was calculated using the
Modification of Diet in Renal Disease equation (mL/min/
1.73m?) [13].
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2.4. Statistical Analysis. Data are expressed as mean +
standard deviation or median (interquartile range) or n
(%). Continuous variables were analyzed using Student’s ¢
-test or Mann-Whitney test if indicated, and categorical var-
iables were analyzed using the chi-square test. The predictive
factors for Al were obtained using univariate and multivari-
ate logistic regression analyses. Risk is expressed as odds
ratios (ORs) and 95% confidence intervals (CIs). All statisti-
cal analyses were performed using SPSS Statistics version 25
(IBM, Armonk, NY, USA). Statistical significance was set at
P <0.05.

3. Results

3.1. Baseline Characteristics of the Study Population. Of the
282 patients receiving corticosteroid-included chemotherapy
for MM, 142 (50.4%) had AI (Table 1). There were no clin-
ically or biochemically suspected patients with primary Al in
the present study. In patients with Al, serum cortisol levels
were 4.4 + 3.2 ug/dL at baseline, 9.9 £ 4.1 ug/dL at 30 min,
and 11.8+4.5ug/dL at 60min after ACTH stimulation.
The mean time interval between the last corticosteroid
administration and the rapid ACTH stimulation test was
100.4 + 255.4 days in the no-Al group and 92.6 + 218.4 days
in the AI group (P = 0.781). There were no significant differ-
ences with regard to age, sex, BMI, and prevalence of comor-
bidities including hypertension, T2DM, CVD, CKD, and
thromboembolism between the no-AI and AI groups (all P
> 0.05). Biochemical parameters, including serum sodium,
albumin, creatinine, calcium, aspartate aminotransferase,
alanine aminotransferase, and eGFR levels, did not differ
between the no-Al and AI groups (all P > 0.05).

3.2. Relationship between Corticosteroid Treatment and the
Occurrence of AL The median duration of follow-up was
27.0 months (interquartile range 10.0-59.8) in the no-Al
group and 22.0 months (interquartile range 7.0-45.0) in
the AI group (P=0.076; Table 2). Approximately 75.0%
and 80.3% of patients in the no-AI and Al groups, respec-
tively, received chemotherapy at the time of the rapid ACTH
stimulation test (P = 0.287). The mean number of changes in
chemotherapy regimen was 2.1 + 1.2 in the no-AI group and
2.0 £ 1.3 in the AI group (P =0.497). There were no differ-
ences in the type of corticosteroid administered between
the no-AI and AI groups (P =0.367). The median cumula-
tive duration of corticosteroid use did not differ between
the no-AI and AI groups (58.5 days (interquartile range
21.3-136.5) vs. 47.5 days (interquartile range 24.0-102.0);
P =0.135). However, the median cumulative dose of cortico-
steroids was significantly lower in the AI group than in the
no-Al group (25632 mg (interquartile range 11333-50712)
vs. 28834 mg (interquartile range 12511-62262); P =0.013).
The median cumulative dose per duration of corticosteroid
use was 525.9mg/day (interquartile range 326.7-766.5) in
the no-Al group and 456.2mg/day (interquartile range
310.7-763.1) in the AI group (P =0.803). Interestingly, the
AT group showed a higher prevalence of megestrol acetate
use than the no-AI group (33.1% vs. 15.7%, P =0.001).

We separately analyzed the relationship between cortico-
steroid use and the occurrence of Al according to megestrol
acetate use (Table 3). In megestrol acetate users, Al was
associated with lower cumulative dose and duration of corti-
costeroids (P =0.016 and P = 0.038, respectively), however,
not with cumulative dose per duration of corticosteroid use
(P =0.549), while in megestrol acetate nonusers, no signifi-
cant associations were observed between corticosteroid use
and AL

After the diagnosis of Al steroid replacement was
started with hydrocortisone of 10-20 mg or equivalent dose
of other steroids, and adrenal crisis was observed in three
patients during the observational period.

3.3. Univariate and Multivariate Analysis for Predicting AL
In the univariate analysis, age, sex, and BMI were not associ-
ated with AL In addition, cumulative duration of corticoste-
roid use and cumulative dose per duration of corticosteroid
use did not differ between the no-AI and AI groups
(Table 4). Cumulative dose of corticosteroid use
(OR =0.99, 95% CI 0.98-0.99; P = 0.020) and megestrol ace-
tate use (OR =2.63, 95% CI 1.48-4.67; P =0.001) were sig-
nificantly associated with AI. However, the statistical
significance only remained for megestrol acetate use in the
multivariate analysis (OR=2.54, 95% CI 1.41-4.60, P=
0.002).

3.4. Clinical Symptoms and Signs Associated with Al The Al
group had a higher frequency of suspicious symptoms and
signs of AI than the no-AI group (95.8% vs. 87.1%; P =
0.009). Of these, general weakness was the most frequently
reported symptom, followed by dizziness, hypotension, gas-
trointestinal problems, and anorexia. Notably, six of the 142
patients with Al had no obvious symptoms or signs suggest-
ing AI (Table 5). Serum peak cortisol level was associated
with the presence of Al-related symptoms or signs
(OR =0.95, 95% CI 0.92-0.99; P =0.013).

4. Discussion

We demonstrated that half of the patients with MM who
received corticosteroid-based long-term chemotherapy had
Al Patients with Al were more frequently treated with
megestrol acetate compared to those without AL. However,
cumulative dose, duration, and type of corticosteroid use
were not associated with AI. Meanwhile, most patients diag-
nosed with Al presented with suspicious symptoms and
signs of AI during the rapid ACTH stimulation test. These
findings indicate that the clinical suspicion of Al is crucial
for detecting AI regardless of the underlying corticosteroid
treatment regimen.

Recurrent exposure to exogenous corticosteroids can
suppress the HPA axis, thereby eliciting AI [14, 15].
Corticosteroid-induced Al has a wide prevalence rate of
14-63% across studies [15, 16]. Most of the previous studies
examined the risk of AI in patients receiving oral and
inhaled daily corticosteroid therapy. Few studies have inves-
tigated Al caused by high-dose cyclic corticosteroid therapy
in patients receiving chemotherapy for hematologic
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TaBLE 1: Baseline characteristics of patients with multiple myeloma according to the presence of adrenal insufficiency.

Variables Overall (n =282) No-Al (n = 140) Al (n=142) P value
Age (years) 66.6 + 8.8 65.7+9.5 67.5+8.0 0.076
Sex (male) 148 (52.5) 75 (53.6) 73 (51.4) 0.716
BMI (kg/m?) 24336 24.0+3.5 245438 0.333
Comorbidities
Hypertension 135 (47.9) 73 (52.1) 62 (43.7) 0.154
Diabetes 91 (32.3) 46 (32.9) 45 (31.7) 0.834
CVD 33 (11.7) 18 (12.9) 15 (10.6) 0.549
CKD 115 (40.8) 58 (41.4) 57 (40.1) 0.826
Thromboembolism 25 (8.9) 11 (7.9) 14 (9.9) 0.554
Laboratory findings
WBC (x10*uL) 48+26 48+28 48+23 0.792
Hemoglobin (g/dL) 11.0+£1.5 10.9+1.6 11.0£1.5 0.943
PLT (x 10*uL) 144.5 +79.6 147.1 +81.2 141.9+78.1 0.587
AST (IU/L) 23.749.6 23.0+9.3 244498 0.223
ALT (IU/L) 22.3+135 21.0+12.0 23.6+14.8 0.106
Creatinine (mg/dL) 1.28+1.10 1.25+1.06 1.32+1.15 0.565
eGFR (mL/min/1.73 mz) 68.0 +28.5 70.2 +30.1 65.9 £26.7 0.199
Total protein (g/dL) 6.4+0.5 6.4+1.1 6.3+0.8 0.672
Albumin (g/dL) 3.8+0.5 3.8+£0.5 3.8+£0.4 0.987
Sodium (mEq/L) 140.8 £ 5.5 140.4+6.3 141.3+4.5 0.176
Calcium (ionized) (mEq/L) 2.34+0.17 2.35+0.15 2.33+£0.18 0.765
Rapid ACTH stimulation test
ACTH (basal) (pg/mL) 37.0 (19.0-57.0) 43.5 (27.0-66.8) 26.9 (15.8-51.3) <0.001
Cortisol (basal) (ug/dL) 8.0+6.0 11.7+£5.9 4.4+32 <0.001
Cortisol (30 min) (pg/dL) 15675 21.4+5.6 9.9+4.1 <0.001
Cortisol (60 min) (ug/dL) 18.6+ 10.6 25.5+10.6 11.8+4.5 <0.001

Data are presented as mean + standard deviation or median (interquartile range) or n (%). AL adrenal insufficiency; BMI: body mass index; CVD:
cardiovascular disease; CKD: chronic kidney disease; WBC: white blood cell count; PLT: platelet; AST: aspartate aminotransferase; ALT: alanine
aminotransferase; eGFR: estimated glomerular filtration rate; ACTH: adrenocorticotropic hormone.

TaBLE 2: Corticosteroid treatment during chemotherapy in patients with multiple myeloma according to the presence of adrenal
insufficiency.

Variables No-Al (n =140) Al (n=142) P
Duration of follow-up (months) 27.0 (10.0-59.8) 22.0 (7.0-45.0) 0.076
Number of changes in chemotherapy regimen 21+12 20+13 0.497
Type of corticosteroid 0.367

Prednisolone only 19 (13.6) 27 (19.0)

Dexamethasone only 37 (26.4) 40 (28.2)

Combination® 84 (60.0) 75 (52.8)
Cumulative dose of corticosteroids (mg)b 28834 (12511-62262) 25632 (11333-50712) 0.013
Cumulative duration of corticosteroid use (days) 58.5 (21.3-136.5) 47.5 (24.0-102.0) 0.135
Cumulative dose/duration of corticosteroid use (mg/day)b 525.9 (326.7-766.5) 456.2 (310.7-763.1) 0.803
Megestrol acetate use in the last chemotherapy regimen 22 (15.7) 47 (33.1) 0.001

Data are presented as mean + standard deviation or median (interquartile range) or n (%). *Eleven patients who had a history of methylprednisolone use were
included. *Corticosteroid doses were expressed in prednisolone equivalents.
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TABLE 3: Association between corticosteroid treatment and the occurrence of Al according to megestrol acetate use.
(a) Megestrol acetate user (1 =69)
No-Al (n=22) Al (n=47) p

Age (years) 67.6+7.2 69.2+7.8 0.420
Sex (male) 13 (59.1) 25 (53.2) 0.646
BMI (kg/m?) 23.1+5.2 23.5+5.9 0.675
Type of corticosteroid 0.335

Prednisolone only 4 (18.2) 14 (29.8)

Dexamethasone only 12 (54.5) 23 (48.9)

Combination 6 (27.3) 10 (21.3)
Cumulative dose of corticosteroids (mg)a’b 41166 (11283-65049) 17088 (7476-33108) 0.016
Cumulative duration of corticosteroid use (days)® 63.0 (31.8-111.0) 36.0 (18.0-64.0) 0.038
Cumulative dose/duration of corticosteroid use (mg/day)a’b 532.8 (280.0-741.3) 366.7 (278.9-700.5) 0.549

(b) Megestrol acetate nonuser (1 =213)
No-Al (n=118) Al (n=95) P

Age (years) 65.3+9.8 66.7+£8.0 0.266
Sex (male) 62 (52.5) 48 (50.5) 0.770
BMI (kg/m?) 243+3.6 24.6+3.8 0.093
Type of corticosteroid 0.617

Prednisolone only 15 (12.7) 13 (13.7)

Dexamethasone only 72 (61.0) 52 (54.7)

Combination 31 (26.3) 30 (31.6)
Cumulative dose of corticosteroids (mg)b 28132 (12981-61840) 33308 (12800-58035) 0.199
Cumulative duration of corticosteroid use (days) 55.5 (20.0-138.8) 60.0 (28.0-110.0) 0.811
Cumulative dose/duration of corticosteroid use (mg/day)b 519.9 (360.2-770.9) 504.0 (320.1-801.0) 0.772

Data are presented as mean + standard deviation or median (interquartile range) or n (%). *P values were generated by Mann-Whitney test. "Corticosteroid

doses were expressed in prednisolone equivalents.

TaBLE 4: Clinical risk factors for adrenal insufficiency in patients with multiple myeloma.

Univariate analysis

Multivariate analysis

OR 95% CI p OR 95% CI p
Age 1.03 0.99-1.05 0.077 1.03 0.99-1.06 0.121
Sex 1.09 0.68-1.74 0.716 0.98 0.56-1.65 0.946
Body mass index 1.03 0.97-1.10 0.332 1.05 0.98-1.12 0.210
Cumulative dose of corticosteroids® 0.99 0.98-0.99 0.020 0.99 0.99-1.00 0.051
Cumulative duration of corticosteroid use 1.00 1.00-1.00 0.455 1.00 0.99-1.00 0.480
Cumulative dose/duration of corticosteroid use® 1.00 0.99-1.00 0.802 1.01 1.00-1.00 0.269
Megestrol acetate use in the last regimen 2.63 1.48-4.67 0.001 2.54 1.41-4.60 0.002

OR: odds ratio; CI: confidence interval. *Corticosteroid doses were expressed in prednisolone equivalents.

malignancies (i.e., lymphoma and leukemia) [17-20]. The
prevalence of Al in these diseases was reported to be 23-
40% over 14-90 days of follow-up, with most patients being
children. In lymphoma and leukemia, high-dose corticoste-
roids are usually administered over a relatively short period
of 4-6 cycles. In contrast, MM is a chronic disease that
requires high-dose and cyclic but long-term corticosteroid
treatment, which further increases the risk of AI. However,

there are limited data on the epidemiology of Al in patients
with MM. Ng et al. reported that 40% (18/45) of patients
showed adrenal suppression after 3 months of a
dexamethasone-based regimen [21]. Ahn et al. observed that
48.3% (28/58) of hospitalized MM patients had Al after 12.7
months of corticosteroid-included chemotherapy [22]. In
the present study, the prevalence of Al was 50.4%, which is
similar to or slightly higher than previous results for MM



TaBLE 5: Subjective symptoms and signs of adrenal insufficiency in
patients with multiple myeloma.

No-Al Al P
(n=140) (n=142) value
i\ilgnssuspicious symptoms and 18 (12.9) 6(42) 0009
Symptoms and signs 122 (87.1) 136 (95.8)
General weakness 114 (81.4) 127 (89.5)
Anorexia 2 (1.4) 1(0.7)
Nausea or vomiting 1(0.7) 2 (1.4)
Dizziness 4(2.9) 3(2.1)
Hypotension 1(0.7) 3(2.1)

Data are presented as n (%).

as well as other hematologic malignancies. To the best of our
knowledge, this is the largest study to evaluate the epidemi-
ology of Al in patients with MM.

The underlying pathophysiological mechanism and risk
factors for the occurrence of corticosteroid-related Al
remain unclear. Previous studies have reported heteroge-
neous results with respect to the type, dose, duration,
and routes of corticosteroid administration for developing
Al [16]. This indicates the influence of individual varia-
tions on the susceptibility of HPA suppression by exoge-
nous  corticosteroids.  One  study showed that
corticosteroid dose and duration were not associated with
AT [23], while other studies did [24, 25]. In our study,
duration, cumulative dose, and type of corticosteroid treat-
ment were not associated with the occurrence of AL One
of the explanations for this is the time interval from initi-
ation of chemotherapy to the evaluation of AL The
median time interval between the initiation of chemother-
apy and the rapid ACTH stimulation test was approxi-
mately 3 years, which is considerably longer than that in
previous studies [21, 22]. This suggests that all patients
had already been exposed to high-dose corticosteroid
treatment, and the impact of corticosteroids on Al risk
may have been underestimated.

In the present study, Al was more frequently observed in
patients taking megestrol acetate during the last chemother-
apy regimen. Megestrol acetate is a synthetic progestational
agent that has been used for anorexia and cachexia in
patients with malignancies, including MM [26]. Because
megestrol acetate has corticosteroid-like activity, it can sup-
press the HPA axis, thereby resulting in AI [26, 27]. A mul-
ticenter prospective study in Korea revealed a higher
incidence of Al in patients with cancer treated with anti-
emetic dexamethasone and megestrol acetate than in those
treated with antiemetic dexamethasone alone [28]. Given
that patients with symptomatic AI may be treated more
often with megestrol acetate, it was difficult to determine
the causal relationship between megestrol acetate and Al in
our study. However, more careful attention to Al is needed
for patients with MM who are treated with long-term steroid
therapy and megestrol acetate together.

Clinical symptoms caused by chronic low cortisol levels,
such as fatigue, nausea, vomiting, anorexia, and general
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weakness, are nonspecific [4] and similar to common symp-
toms experienced by patients with chronic illness, particu-
larly advanced cancer. Therefore, suspicious symptoms of
Al can be easily overlooked. However, if the diagnosis is
delayed, the lack of an appropriate cortisol response to
stressful conditions may lead to life-threatening adrenal cri-
sis [29]. In our study, of the 258 patients with suspicious
symptoms or signs of Al 136 (52.8%) had Al, indicating a
difficulty in distinguishing AI from no-AI without a definite
hormonal test. In addition, six patients were determined to
have AI without any clinical symptoms or signs. Consider-
ing the cost-effectiveness, routine assessment of adrenal
function is not required. However, high clinical suspicion
with adequate hormonal evaluation may help detect Al in
patients with MM receiving long-term corticosteroid-based
chemotherapy, particularly if the patient has symptoms
and signs relevant to AL

We acknowledge that there are several limitations to be
addressed in this study. First, due to its retrospective design,
a rapid ACTH stimulation test was not performed in all
patients with MM either before chemotherapy or during fol-
low-up, leading to overestimation of the prevalence of Al
Second, since most patients (77.7%) continued
corticosteroid-based chemotherapy, we could not conclude
whether adrenal suppression recovered to normal cortisol
response or persisted. Only 10 patients underwent a
follow-up rapid ACTH stimulation test after discontinuation
of corticosteroid-based chemotherapy. Peak serum cortisol
levels increased in all patients, however, still below 18 ug/
dL (500 nmol/L). Third, recent studies have suggested new
lower serum cortisol cutoff value to reduce overdiagnosis
of Al using specific monoclonal antibody immunoassays or
liquid chromatography-tandem mass spectrometry methods
[30]. However, in this study, serum cortisol was measured
using conventional polyclonal antibody assay. In our study,
115 patients (40.8%) met the AI criteria when AI was
defined as the peak serum cortisol value after ACTH stimu-
lation of less than 16.3 ug/dL (450 nmol/L). Future studies
are needed to reveal better assay methods and cutoff values
to reduce false positives in AI diagnosis. Lastly, megestrol
acetate had a cortisol suppressive effect, which could affect
the analysis of the association between AI and steroid-
related factors such as dose, type, and duration. In the pres-
ent study, when we analyzed the association between corti-
costeroid use and Al according to megestrol acetate use,
high dose or duration of corticosteroid use was not associ-
ated with the development of Al regardless of megestrol ace-
tate use. Further, patients with Al tend to receive megestrol
acetate for improving anorexia and well-being. Thus, in the
setting of the retrospective nature of a study such as ours,
it is difficult to establish a causal relationship between
megestrol acetate and Al, and caution is required in
interpretation.

Despite these limitations, our study is valuable as it
determines the real-world incidence and clinical risk factors
of Al in patients with MM based on a large retrospective
cohort. The present findings can alert clinicians to consider
adrenal suppression following corticosteroid-based chemo-
therapy in patients with MM.
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5. Conclusion

In summary, MM patients treated with long-term cyclic
high-dose corticosteroids have a significant prevalence of
corticosteroid-induced AI. Administration of megestrol ace-
tate is associated with an increased risk of Al Regarding cor-
ticosteroid administration, the dose, type, and duration of
corticosteroid therapy did not predict the occurrence of Al.
While most of the symptoms associated with Al are nonspe-
cific and easily observed in malignant patients, high clinical
suspicion of Al is important to adequately detect Al and pre-
vent Al-related fatal outcomes.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.
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