www.nature.com/scientificreports

scientific reports

W) Check for updates

Eosinophil counts can be

a predictive marker of immune
checkpoint inhibitor-induced
secondary adrenal insufficiency:
a retrospective cohort study
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Immune checkpoint inhibitors (ICls) treatment can result in endocrine immune-related adverse events
(irAEs), including pituitary dysfunction. Quick diagnosis of secondary adrenal insufficiency (Al) is
challenging because no universal definition of ICl-induced secondary Al has been agreed. The aim of
this study was to clarify the clinical features of ICl-induced secondary Al that can be used for screening
in standard clinical practice. This retrospective study was performed using the medical records of
patients who received ICls at Hirosaki University Hospital between 1 September 2014 and 31 January
2021. Longitudinal clinical data of patients who developed Al were analyzed and compared with

the data of thyroid irAEs. Regression analysis showed a significant correlation between ICl-induced
secondary Al and absolute or relative eosinophil counts at pre-onset of Al, as well as differences or rate
of increase in eosinophil counts at baseline and at pre-onset. Absolute eosinophil counts>198.36/pL
or relative eosinophil counts >5.6% at pre-onset, and a difference of 65.25/uL or a rate of eosinophil
count increase of 1.97 between the baseline and at pre-onset showed the best sensitivity and
specificity. This is the first report to demonstrate that eosinophil counts can be a predictor of ICI-
induced secondary Al.

Abbreviations

ACTH Adrenocorticotropin

Al Adrenal insufficiency

CI Confidence interval

CTLA-4 Cytotoxic T-lymphocyte-associated protein 4
ICIs Immune checkpoint inhibitors

irAEs Immune-related adverse events

OR Odds ratio

PD-1 Programmed cell death-1
PD-L1  Programmed death-ligand 1
ROC Receiver operating characteristic

Immune checkpoint inhibitors (ICIs) including antibodies against cytotoxic T-lymphocyte-associated protein 4
(CTLA-4), programmed cell death-1 (PD-1), and programmed death-ligand 1 (PD-L1) have been widely used
for advanced malignancies in recent years. However, ICIs can cause immune-related adverse events (irAEs). In
endocrine organs, the thyroid and pituitary glands are commonly affected by irAEs’. It is important to be aware
of the differences in irAEs depending on the type of ICI administered. Anti-PD1/-PD-L1 antibodies rarely
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n=>525
Age (y) 67.1£10.0
Sex (n)
Male 394
Female 131
Primary sites (n)
Lung cancer 263 (50.1%)
Renal-urinary cancer 117 (22.3%)
Head and neck cancer 45 (8.6%)
Malignant melanoma 43 (8.2%)
Gastric cancer 37 (7.0%)
Esophageal cancer 10 (1.9%)
Others 10 (1.9%)
Endocrine-related irAEs (n)
Thyroid irAEs 34 (6.5%)
Secondary adrenal insufficiency 19 (3.6%)
Diabetes mellitus 2 (0.4%)
Others 0(0.0%)

Table 1. Characteristics of the overall cohort. Age is expressed as average (+ standard deviation) at the first
administration of immune checkpoint inhibitors. Abbreviation: irAEs immune-related adverse events.

instigate pituitary irAEs; however, they can cause (usually isolated) adrenocorticotropin (ACTH) deficiency,
which leads to a reduction in the secretion of cortisol and results in adrenal insufficiency (AI)??. Pituitary irAEs
including ACTH deficiency were found to be more frequent with anti-CTLA-4 antibodies and less common with
anti-PD-1/PD-L1 antibodies?, and patients who received combination therapy of anti-CTLA-4 and anti-PD-1
antibodies were significantly more likely to develop pituitary irAEs**.

Al may lead to serious and life-threatening consequences without accurate diagnosis and treatment. In ICI-
treated patients, Al is suspected on the basis of non-specific symptoms, signs, and/or the results of standard
clinical practice because no universal definition of ICI-induced secondary Al exists. The Endocrine Society
Clinical Practice Guidelines® recommend diagnostic testing to exclude Al in acutely ill patients with unexplained
symptoms suggestive of AI (volume depletion, hypotension, fever, abdominal pain, or hypoglycemia). The clinical
practice guidelines of the Japan Endocrine Society® recommend suspecting Al in patients who have the follow-
ing symptoms: (1) general fatigue and general weakness; (2) appetite loss and weight loss; (3) gastrointestinal
symptoms (nausea, vomiting, constipation, and abdominal pain); (4) hypotension; (5) mental disorder (apathy,
lethargy, anxiety, and character change); (6) fever; (7) hypoglycemic symptoms; and (8) arthralgia. However,
they may be overlooked because ICI-treated patients have advanced malignancies. Hormonal tests are crucial for
the diagnosis of Al but rapid assays for cortisol and ACTH are currently not available at most medical institutes;
in addition, the cut-off values for the diagnosis of AI by basal cortisol level in serum are variable’. As a result,
diagnosis of Al may be delayed, which results in life-threatening adrenal crisis”. Therefore, the purpose of this
study was to develop a prediction marker of ICI-induced secondary Al that relies on routine clinical practice.

Results

Patient characteristics. A total of 525 patients who started ICIs were enrolled in this study. The charac-
teristics of the patients are presented in Table 1. Nineteen patients (3.6%) were diagnosed with pituitary irAEs
defined as secondary Al One of these patients was accompanied by thyrotropin and gonadotropin deficiency,
and the others were defined as isolated ACTH deficiency. Thirty-four (6.5%) patients with thyroid irAEs were
referred to our department, and insulin-deficient diabetes mellitus was observed in two (0.4%) patients. Patients
who received PD-1 antibodies (3.4%) or PD-L1 antibodies (1.0%) were less likely to show secondary Al than
those receiving ipilimumab or combination therapy (11.4%), as shown in Table 2. Patients receiving ipilimumab
or combination therapy (median, 83 days) had a shorter secondary Al diagnosis time compared with those
receiving anti-PD1 antibodies (median, 198 days). Most of the patients were aware of their Al-related symptoms
earlier than this; however, they presented their symptoms at the date of periodic medical check-up. The median
time from onset (when the patients were aware of AI symptoms) to diagnosis was 23 days.

To predict ICI-induced secondary Al before onset, we compared a thyroid irAE group, which comprised
patients who showed only thyroid irAEs among endocrine-related irAEs. We excluded patients who had shown
myelosuppression because of chemotherapy. Patients who received glucocorticoids before diagnosis were also
excluded. Thus, 17 and 22 patients were recruited to the ICI-induced secondary Al group (Al group) and the thy-
roid irAE group, respectively. The characteristics of each group are presented in Table 3 and Supplemental Table 1.

Changes in laboratory findings from baseline to irAEs. We statistically analyzed the longitudinal
results of eight factors (white blood cell count, absolute or relative eosinophil counts, CRP, serum creatinine,
serum sodium, serum potassium, and Glc) in routine clinical practice including the factors that are known to
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ICI class ICI n AI (n) | AIfor each ICI class (n) | Day of pre-onset visit (d) | Day of symptom onset (d) | Day of diagnosis of AI (d)
Niv 216 |5

PD-1 Pem 164 |8 13 (3.4%) 164 184 198
Niv>Pem 2 |0
Atez 60 |0
Avel 7 |0

PD-L1 1 (1.0%) 5 33 72
Dur 29 |1
Dur> Atez 110
Niv> Atez 1 ]0

PD-1>PD-L1 0(0.0%) 0 0 0
Pem > Atez 1 1]0

CTLA-4 or CTLA-4+PD-1 | Ipi or Ipi+PD-1 44 |5 5(11.4%) 62 64 83

Table 2. Clinical course of patients with pituitary AI. A>B indicates change of ICI from A to B. ‘Day’ is
the median number of days from the first administration of ICI. Abbreviation: AI adrenal insufficiency,
Atez atezolizumab, Avel avelumab, CTLA-4 cytotoxic T-lymphocyte-associated protein 4, Dur durvalumab,
ICI immune checkpoint inhibitor, Ipi ipilimumab, Niv nivolumab, PD-1 programmed cell death-1, PD-L1
programmed death-ligand 1, Pemn pembrolizumab.

n=17
Age (y) 67.1+£9.8
Sex (n)
Male 12
Female 5
Primary sites (n)
Renal-urinary cancer 8 (47.1%)
Lung cancer 6 (35.3%)
Malignant melanoma 3(17.6%)
ICI class (n)
PD-1
Pem 6
Niv 5
PD-L1
Dur 1
CTLA-4+PD-1
Ipi+Niv 4
Pem > Ipi 1
Day of pre-onset visit (d) 119 (163.7)
Day of symptom onset (d) 125 (176.5)
Day of diagnosis of AI (d) 140 (201.9)

Table 3. Characteristics of patients with secondary Al Age is expressed as average + standard deviation at
diagnosis. Pem > Ipi indicates change of immune checkpoint inhibitor from pembrolizumab to ipilimumab.
‘Day’ is expressed as the median (average) number of days from the first administration of ICI. Abbreviation:
CTLA-4 cytotoxic T-lymphocyte-associated protein 4, Dur durvalumab, ICI immune checkpoint inhibitor,
Ipi ipilimumab, Niv nivolumab, PD-1 programmed cell death-1, PD-L1 programmed death-ligand 1, Pemn

pembrolizumab.

be related to AI>®. The results are shown in Fig. 1: ‘baseline’ represents data just before starting ICls; ‘pre-onset’
represents data checked-up just before patients felt AI symptoms in the AI group; and ‘irAFE’ represents data at
diagnosis of ICI-induced secondary Al in the AI group and at diagnosis of thyrotoxicosis or hypothyroidism in

the thyroid irAE group.

Absolute and relative eosinophil counts, levels of serum sodium, and levels of serum creatinine at irAE in the
Al group had significantly changed compared with the baseline (Fig. 1). Absolute eosinophil counts (median/
average: 111.0/120.8 at baseline, 319.8/355.1 at pre-onset, and 398.2/486.2/uL at Al), relative eosinophil counts
(median/average: 1.8/2.0 at baseline, 4.1/5.8 at pre-onset, and 7.0%/7.6% at AI) and serum creatinine (median/
average: 0.8/0.9 at baseline, 0.9/1.1 at pre-onset, and 0.9/1.4 mg/dL at AI) had increased even by pre-onset,
whereas this was not the case for the other factors (Fig. 1).
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Figure 1. Longitudinal data in the Al group are shown by box plots. (A) White blood cell counts, (B) absolute
eosinophil counts, (C) relative eosinophil counts, (D) C-reactive protein levels, (E) serum urea nitrogen levels,
(F) serum creatinine levels, (G), serum sodium levels, (H) serum potassium levels, and (I) plasma glucose levels.
‘Baseline’ represents data before the first administration of ICIs. ‘Pre-onset’ represents data checked-up just
before the patients experienced Al symptoms. ‘irAE’ represents data at the diagnosis of ICI-induced secondary
Al Statistical analyses were performed by Friedman’s test corrected by Bonferroni’s method. Significant
differences of p <0.05 were indicated.

In comparison with the AI group, no factor had changed from the period baseline to irAEs in the thyroid
irAE group (Supplemental Fig. 1). No difference was observed when the thyroid irAE group was further divided
into two groups according to thyrotoxicosis and hypothyroidism (data not shown).

Laboratory findings for Al-predicting factors. To develop a prediction marker for ICI-induced sec-
ondary Al, we first compared the data at pre-onset in the AI group and the data at irAEs in the thyroid irAE
group. The results are shown in Figs. 2 and 3. While no factors had changed at baseline between both groups,
absolute and relative eosinophil counts showed significant differences between the two phases of the groups.
Then, sodium, CRP, and Glc were included in the multivariate logistic models because the factors are known to
be related to Al or adrenal crisis>®®. Absolute (odds ratio [OR]: 1.01, 95% confidence interval [CI]: 1.00-1.02)

Scientific Reports|  (2022) 12:1294 | https://doi.org/10.1038/s41598-022-05400-x nature portfolio



www.nature.com/scientificreports/

Absolute 1.01 (1.00-1.02)

eosinophil counts o

Relative 1.46 (1.04-2.05)
eosinophil counts o

1.01 (1.00-1.02)
o

Difference

1.79 (1.13-2.86)
o

Rate of increase
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Figure 2. Eosinophil counts as predictors of Al determined by logistic regression analysis. Odds ratios (ORs)
with 95% confidence intervals (ClIs) are shown. Adjusted for multiple factors: serum sodium, C-reactive protein,
and plasma glucose. Difference: difference in absolute eosinophil counts between the baseline and at pre-onset.
Rate of increase: rate of increase in eosinophil counts between the baseline and at pre-onset.

and relative (OR: 1.46, 95% CI: 1.04-2.05) eosinophil counts were the only factors that correlated with ICI-
induced secondary AI development (Fig. 2). ROC analyses revealed an absolute eosinophil count of 198.36/uL
(sensitivity, 76.5%; specificity, 68.2%; area under the curve, 0.77; Fig. 3A) and a relative eosinophil count of 5.6%
(sensitivity, 41.2%; specificity, 95.5%; area under the curve, 0.72; Fig. 3B) as optimal cut-oft values for determin-
ing the risk subjects for AL

To improve the diagnostic accuracy of the prediction model, we calculated the difference (difference) or rate
of increase (rate) of eosinophil counts between the baseline and at pre-onset and re-analyzed the data. The mul-
tivariate logistic models that included sodium, CRP, and Glc showed the best correlation between ICI-induced
secondary Al development and the ‘difference’ (OR: 1.01, 95% CI: 1.00-1.02; Fig. 2). The ‘rate’ (OR: 1.79, 95%
CI: 1.13-2.86) was revealed as the only factor that correlated with ICI-induced AI (Fig. 2). ROC analyses showed
that a ‘difference’ of 65.25/uL (sensitivity, 82.4%; specificity, 72.8%; area under the curve, 0.76; Fig. 3C) and a
‘rate’ of 1.97 (sensitivity, 64.7%; specificity, 72.8%; area under the curve, 0.70; Fig. 3D) as optimal cut-off values.

Discussion
Little information is available on new cases of Al regarding biochemical data obtained before onset of symptoms.
Therefore, determining a prediction model for Al is challenging. The purpose of this study was to identify a
prediction marker for ICI-induced secondary AI development by biochemical examination. We investigated
patients treated with ICIs because they had received periodic medical examination, and analyzed data that were
taken before symptom onset. The average and median period between pre-onset visit and symptom onset were
12.8 and 14 days, respectively. We found that eosinophil counts were significantly associated with AL

Non-endocrinologists usually administer ICIs, and the physician should suspect Al according to the pres-
ence of non-specific symptoms such as weakness, fatigue, weight loss, and gastrointestinal symptoms>®. These
symptoms may be overlooked in ICI-treated conditions because they are commonly observed in patients with
advanced malignancy*®. The signs of ICI-induced Al are based on glucocorticoid deficiency and the resultant
hyponatremia, changes in blood count (anemia, eosinophilia, lymphocytosis), and hypoglycemia>®, which can be
assessed by routine biochemical practice. Measurement of plasma ACTH and serum cortisol are recommended
for Al-suspected patients®® because transient ACTH elevation occurring prior to the onset of a pituitary irAE has
been reported'®!!. However, rapid assays for cortisol and ACTH are not available at most medical institutes. As a
result, diagnosis and treatment is delayed, which can result in progression to a life-threatening adrenal crisis®”*.
Recently, Tahir et al. reported that plasma anti-guanine nucleotide-binding protein G(olf) subunit alpha and
anti-integral membrane protein 2B antibodies correlated with ICI-induced hypophysitis'?, while Kanie et al.
reported that serum anti-pituitary antibodies or anti-corticotroph antibodies were associated with the auto-
immunity against pituitary hormones or corticotroph!?®. Furthermore, Inaba et al.'* and Yano et al."” reported
susceptible alleles of human leucocyte antigen in patients with ICI-induced pituitary dysfunction. Although
these autoantibodies and human leucocyte antigen may be predictive biomarkers of pituitary irAEs, they are
uncommon, and the results were validated in a small number of patients. Therefore, a prediction marker that is
commonly and rapidly available for Al is needed.

Patients with pituitary irAEs often present with hyponatremia, defined as a serum sodium level
of < 135 mmol/L and a detection rate of 40-100%'%1%-18_ Tt is also observed in adrenal crisis, the detection rate
using the lower limit of the reference ranges from 9 to 50%%!?-*!. Katabami et al. developed a prediction model
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Figure 3. Receiver operating characteristic curves for determination of the cut-off values of the eosinophil
counts to predict AL (A) Absolute eosinophil counts, (B) relative eosinophil counts, (C) difference in absolute
eosinophil counts between the baseline and at pre-onset, and (D) rate of increase in eosinophil counts between
the baseline and at pre-onset.

for adrenal crisis using data from the same individuals with chronic Al in a stable period during glucocorticoid
replacement therapy as a control. They showed that serum sodium and CRP in combination may be feasible
for adrenal crisis®. We did not define the levels of serum sodium and CRP as prediction factors in the current
study. Of 17 patients in our study, 4 showed hyponatremia at diagnosis, while none of the patients showed serum
sodium levels of < 135 mmol/L at pre-onset. CRP has been shown to be associated with several tumors*=2*. We
analyzed data from ICI-treated patients who have advanced malignancies; therefore, increased CRP levels at
baseline might not make a difference. Cho et al. revealed that hyponatremia could be the first manifestation to
indicate AL followed by other symptoms or physical findings'’. They performed early diagnosis of ICI-induced
AL Two of four patients showed hyponatremia just before AI diagnosis. However, the levels of neither ACTH nor
cortisol were measured before the detection of hyponatremia, and the period between hyponatremia detection
and Al symptoms was 4 days. Then, they were diagnosed with AI within almost 1 week. Decreasing ACTH and
cortisol levels followed by decreasing sodium and symptom onset can occur consecutively; thus, development
of pituitary irAEs may be quick and thus be strongly suspected if serum sodium levels have already decreased.

Although significant differences in the levels of serum creatinine were not shown between the data at pre-
onset in Al and the data at irAEs in the thyroid irAE group, the levels of serum creatinine at irAEs or pre-onset
had slightly but significantly changed compared with the baseline in the AI group. Of 17 patients, 8 (47.1%) who
developed Al had renal-urinary cancer, whereas 6 of 22 patients (27.2%) who developed thyroid irAEs suffered
from renal-urinary malignancies. The levels of creatinine in patients who had renal-urinary malignancies seemed
to be increasing compared with the remaining patients (data not shown) by AI diagnosis. The progress of renal
dysfunction during this period could have affected the results.

It has been recognized for more than 70 years that patients with Addison disease have eosinophilia*. Beishui-
zen et al. reported that 80% of suspected clinical cases of relative adrenal insufficiency had relative eosinophil
counts of at least 3%?’, and some reports have shown that eosinophilia is relevant to adrenal crisis'"'**. Two
reports found that eosinophil counts tended to increase before the diagnosis of ICI-induced AI'"'®. Therefore,
we statistically analyzed whether eosinophil counts can predict AL
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We excluded hypereosinophilia or hypereosinophilic syndrome, which is defined as a persistent elevated
eosinophil count of > 1500/uL*. Of 17 patients, 2 each showed an absolute eosinophil count of > 500/uL at pre-
onset Al and >1000/uL at AI diagnosis. None of the patients showed an eosinophil count of over 1500/uL in
this study.

Some studies reported that eosinophilia (absolute eosinophil count>500/uL) was induced by treatment with
ICIs**-*2, Bernard-Tessier et al. showed immune-related eosinophilia with an estimated frequency of 2.9% and a
median peak eosinophil count of 1000/uL*’; however, they did not report the Al incidence rate of the patients.
Scanvion et al.*! showed 37 cases of ICI-induced eosinophilia with a median peak eosinophil count of 2700/uL.
Three of these patients developed hypophysitis. Furthermore, the Al incidence rate in this study seemed to be
higher compared with the incidence of pituitary irAEs in a meta-analysis®. Ten of these patients were treated
with glucocorticoids for eosinophilia; thus, accurate diagnosis of AI might be difficult and more patients with
Al might exist because Al signs and symptoms could be masked by glucocorticoids.

Several studies suggested that eosinophil counts can be a useful predictive marker for irAEs. Diehl et al.*®
showed an association between irAEs of grade >2 and higher absolute eosinophil counts (cutoff value =100/
uL); however, they did not report a correlation between eosinophil counts and each type of irAE. Nakamura
et al.** showed that both increased baseline eosinophil counts (cutoff value =240/uL) and relative count (cutoff
value=3.2%) at 1 month after starting ICIs was correlated with endocrine irAEs. They analyzed 45 patients and 56
overall irAEs, which is a relatively small number of subjects. Among 14 patients who developed endocrine irAEs
in their study, 10 patients with thyroid dysfunction, 2 patients with pituitary dysfunction, 1 patient with primary
adrenal insufficiency, and 1 patient with type 1 diabetes mellitus were presented and were not analyzed separately.

To develop a specific prediction marker for ICI-induced secondary Al, we compared the pre-onset data in
the AI group and the data at irAEs in the thyroid irAE group. We chose patients with thyroid irAEs for compari-
son because thyroid irAEs are the most common among endocrine irAEs*. We demonstrated that an absolute
eosinophil count of 198.36/pL or a relative eosinophil count of 5.6%, and a difference of 65.25/uL or an increased
eosinophil count rate of 1.97 between the baseline and at pre-onset had better sensitivity and specificity for ICI-
induced Al screening in the standard examination.

Recently, the association between eosinophil counts and clinical outcome of ICI-treated patients has been
reported, and Simon et al. showed that absolute and/or relative eosinophil counts were associated with a better
clinical outcome in patients with various cancers®. The cut off value of the absolute and relative counts were
variable, and they did not report the Al incidence rate in their studies. Kobayashi et al. reported that ICI-induced
pituitary irAEs were associated with better overall survival in malignant melanoma and non-small cell lung
carcinoma in their prospective study’. However, they did not show whether the eosinophil counts had changed
during this period. Patients who developed AI with eosinophilia may show better clinical outcomes, which should
be further explored in prospective studies.

The strengths of this study are that it provides real-world data focused on the identification of a simple diag-
nostic marker for Al using standard biochemical examinations. To the best of our knowledge, no clinical studies
have focused on the change in eosinophil counts at pre-symptom onset. In addition, we excluded factors that may
influence eosinophil counts, that is, myelosuppression, glucocorticoid use, infection, allergy, and drug reaction.
This enabled an accurate diagnosis of Al. There are some limitations of our study, including its retrospective
design and the relatively small AI population, which results in a lack of power. We used the thyroid irAE group as
a control, and thus this is not real case—control comparison. Al incidence and the period between pre-onset and
Al diagnosis might be underestimated because ACTH and cortisol were not measured in all patients at all visits.

In conclusion, this is the first report to demonstrate that eosinophil counts can be a predictor of AI due to
irAEs. We propose a protocol for the assessment of ICI-treated patients to predict Al as follows. (1) Check
absolute/relative eosinophil counts at all visits and if absolute or relative eosinophil counts are more than 198.4/
uL or 5.6% respectively, or the ‘difference’ or ‘rate’ of the eosinophil counts at the baseline and at pre-onset are
more than 65.3/uL or 2.0 respectively, exclude other causes of increased eosinophils. (2) Measure ACTH and
cortisol, then inform the patients to be aware of the possibility of AI symptom development and visit as soon as
possible at onset. (3) When transient ACTH elevation is confirmed at a previous visit, future AI development
may be suspected. (4) Diagnose Al accurately and treat sufficiently. (5) Repeat (2) and (3) if eosinophil counts
further increase. This strategy can greatly assist early diagnosis and the timing of referral to an endocrinologist.
Further investigation in a prospective study is necessary for validation of the protocol and the cut-off values.

Methods

This retrospective cohort study was performed using the medical records of patients who started ICI at Hirosaki
University Hospital between 1 September 2014 and 31 January 2021. The follow-up period of each patient was
at least 3 months.

Ethics approval and consent to participate. This study was approved by the Institutional Review
Board and Ethics Committee of the Hirosaki University Graduate School of Medicine (approval number, 2021-
075), and was conducted in accordance with the principles of the Declaration of Helsinki. Informed consent was
waived by the Institutional Review Board and Ethics Committee of the Hirosaki University Graduate School of
Medicine as retrospective study.

Consent for publication. We provided each patient with the opportunity to opt out of the study using our
website.
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Assessments. ACTH and cortisol were tested before starting ICI; thereafter, patients with symptoms sug-
gestive of Al were tested, while other patients were tested at the discretion of the treating physician. ACTH
deficiency was first suspected according to low levels of ACTH and/or cortisol. Then, the patients were referred
to our department, and secondary Al was defined according to the Japan Endocrine Society clinical guidelines®.
The cut-off for diagnosis of ACTH deficiency was decreased peak serum cortisol value (<18 pg/dL) and/or
impaired responses of ACTH (< twofold of baseline) in corticotropin-releasing hormone loading tests or insulin
tolerance tests. Then the date of diagnosis of the secondary AI was defined as the day on which low levels of
ACTH and/or cortisol were confirmed.

Statistical analysis. Comparisons of longitudinal data were performed by Friedman'’ test and corrected
by Bonferroni’s method. The statistical significance of the difference in clinical data values between two groups
(nonparametric) was assessed by Mann-Whitney U test. Univariable logistic analysis were performed with fac-
tors that are known to be related to Al Then, sodium, C-reactive protein (CRP), and plasma glucose (Glc) were
included to calculate the correlation of eosinophil counts with Al in the multivariate logistic models. Receiver
operating characteristic (ROC) curve analysis was performed to determine a cut-off value of the eosinophil
counts to predict AL. All analyses were performed using JMP pro version 15.0 (SAS Institute Japan Ltd., Tokyo,
Japan) or EZR version 1.54 (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graph-
ical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria).

Data availability
Data are available on reasonable request.
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