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Abstract

Objective: Benign adrenocortical tumours are diagnosed in ~5% of adults and are associated with cortisol excess in 30%-50% of cases. Adrenal
Cushing’s syndrome (CS) is rare and leads to multiple haematological alterations. However, little is known about the effects of the much more
frequent mild autonomous cortisol secretion (MACS) on immune function. The aim of this study was to evaluate the haematological alterations in
benign adrenocortical tumours with different degrees of cortisol excess.

Design and methods: \We investigated 375 patients: 215 with non-functioning adrenal tumours (NFAT), 138 with MACS, and 22 with CS. We
evaluated the relationship between the degree of cortisol excess and full blood count as well as multiple inflammation-based scores, including the
neutrophil-to-lymphocyte ratio (NLR), the lymphocyte-to-monocyte ratio (LMR), and the systemic immune-inflammation index (Sll).

Results: \We observed a gradual and significant increase of leucocytes, neutrophils, and monocytes across the spectrum of cortisol excess, from
NFAT over MACS to CS. Neutrophil-to-lymphocyte ratio and Sll were significantly higher in both MACS and CS when compared to NFAT (P < .001
and P=.002 for NLR and P=.006 and P=.021 for Sll, respectively). Conversely, LMR was lower in MACS and CS than in NFAT (P=.01 and
<.001, respectively) but also significantly lower in CS compared to MACS (P=.007).

Conclusions: Neutrophil-to-lymphocyte ratio, Sll, and LMR correlated with the degree of cortisol excess in benign adrenocortical tumours and
were altered in patients with CS and MACS. These findings suggest that, similar to clinically overt CS, MACS also affects the immune function,
potentially contributing to the MACS-associated comorbidities.
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Significance
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Our study showed that patients with overt cortisol-producing adenomas and mild autonomous cortisol secretion (MACS)
present with more alterations in multiple serum inflammation-based scores than patients with non-functioning adrenal tu-
mours. In particular, the levels of leucocytes, neutrophils, and monocytes as well as the derived inflammation-based scores
showed a correlation with the degree of cortisol excess, regardless of the presence of clinical signs of Cushing’s syndrome.
Our findings suggest that a mild excess of cortisol can adversely affect the levels and relationship of circulating immune cells.
Similarly to overt hypercortisolism, MACS disrupts the immune system function, potentially contributing to the comorbid-
ities observed even in the absence of overt Cushing’s syndrome. Our findings may offer valuable insights for informed
decision-making in patients with MACS, but further longitudinal studies are required.

Introduction

Adrenal masses are incidentally discovered in ~5% of cross-
sectional imaging studies."* Benign adrenocortical adenomas
are the most represented entity, accounting for up to 90% of
cases.” Non-aldosterone-secreting adrenocortical adenomas
can be either non-functioning adrenal tumours (NFAT) or as-
sociated with autonomous cortisol excess.* Clinically overt
cortisol excess (Cushing’s syndrome [CS]) represents <5%
of adrenocortical adenomas and is characterised by typical
signs and symptoms (eg, easy bruising, purple striae, proximal
myopathy, and facial plethora) and significant cardiovascular
and metabolic morbidity.* In contrast, cortisol-producing ad-
enomas (CPAs) with mild autonomous cortisol secretion
(MACS)—defined by the failure to suppress cortisol sufficient-
ly during the 1 mg overnight dexamethasone suppression test
(1 mg DST) in the absence of classical features of CS’—
account for up to 45% of adrenocortical adenomas cases.*
Recent large-scale studies have shown that patients with
CPA-MACS carry a high cardiometabolic burden including
hypertension, type 2 diabetes, dyslipidaemia, and osteopor-
osis and are at increased risk of cardiovascular events and
mortality.*®”

Inflammation and immune system function are modulated
by cortisol. In CS, there is a combination of low-grade
inflammation and a selectively impaired immune response
that are postulated to play a role in the pathogenesis of
CS-related comorbidities, including diabetes, visceral adipos-
ity, atherosclerosis, osteoporosis, and cognitive impairment.®
Moreover, multiple alterations of haematological parameters,
such as leucocytosis, lymphopaenia, and eosinopaenia, are ob-
served in CS, which contribute to increased susceptibility to in-
fections in these patients.® It has also been shown that changes
induced by cortisol excess in the full blood count (FBC) correl-
ate with the severity of CS and improve after the resolution of
hypercortisolaemia.”™"!

Serum inflammation-based scores reflect systemic inflamma-
tion and predict outcomes in several diseases, like myocardial in-
farction, ischaemic stroke, and various solid tumours."*™** In
particular, the neutrophil-to-lymphocyte ratio (NLR) is a surro-
gate marker of cellular immune activation and is widely used as
a consistent and readily available marker of immune response
to various infectious and non-infectious stimuli.'’ Previous
studies have demonstrated higher levels of NLR in CS compared
to controls.'"*'® Higher NLR values have been reported in 185
patients with CPA-CS compared to 185 patients with NFAT.'”
Neutrophil-to-lymphocyte ratio and other inflammation-based
scores, eg, platelet-to-lymphocyte ratio (PLR), systemic
immune-inflammation index (SII, a composite indicator integrat-
ing platelet, neutrophil, and lymphocyte counts), and

lymphocyte-to-monocyte ratio (LMR) have been found to be dif-
ferent in malignant CS (adrenocortical carcinoma or ectopic se-
cretion of adrenocorticotropin hormone [ACTH]) compared to
CS caused by a benign pituitary or adrenal tumour, reflecting a
higher grade of inflammation.'*'®

Little is known about the impact of different degrees of
cortisol excess on haematological alterations and inflammation-
based scores, used as surrogates of systemic inflammation. The
aim of this study was to evaluate multiple inflammation-based
scores in patients with non-aldosterone-producing adrenocorti-
cal adenomas and their relationship with the degree of cortisol
excess, with a particular focus on CPA-MACS.

Methods

Patient cohort

This was a retrospective study on patients with newly diag-
nosed adrenal masses referred and followed up in the
Adrenal Tumour Service at the Queen Elizabeth Hospital
Birmingham (Birmingham, United Kingdom). We screened
1080 patients referred to our centre between January 2005
and September 2022. Inclusion criteria were diagnosis of
non-aldosterone-secreting adrenocortical adenomas, age >
18 years, available FBC results at the time of adrenal tumour
diagnosis and before any active intervention (either adrenalec-
tomy or cortisol-lowering medications), available 1 mg DST
results and clinical assessment for CS signs and symptoms at
the time of diagnosis, and radiological characteristics of the
adrenal mass. Adrenocortical adenomas were diagnosed
based on benign radiological characteristics according to cur-
rent guidelines.” When bilateral adenomas were found, the
diameter of the largest adenoma was reported. Patients with
adrenal masses other than non—-aldosterone-secreting adreno-
cortical adenomas, ie, phaeochromocytoma, aldosterone-
producing adenomas, other non-cortical adrenal masses, and
adrenocortical carcinoma were excluded. Patients with condi-
tions that could significantly affect FBC values at the time of
blood testing, such as known infections, haematological dis-
eases, severe cardiomyopathy, active malignancy, active auto-
immune diseases, or treatment with oral glucocorticoids or
other immunomodulatory drugs, were also excluded. A flow-
chart for patient inclusion is shown in Figure S1.

The definition of adrenal hormone excess was in accordance
with the European guidelines on the management of patients
with newly diagnosed adrenal masses.” The CPA-CS was de-
fined by the presence of clinical features of CS, suppressed
plasma ACTH levels, and more than one positive screening
test for hypercortisolism (late-night salivary cortisol, 1 mg
DST, and 24-h urine-free cortisol). The CPA-MACS was de-
fined by the failure to suppress cortisol after the 1 mg DST
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in the absence of overt clinical features of CS. Moreover, pa-
tients were further sub-classified as possible MACS
(CPA-MACS-1), if cortisol level after the 1 mg DST was be-
tween 50 and 138 nmol/L, and as definitive MACS
(CPA-MACS-2), if cortisol level was above 138 nmol/L.
Adrenocortical adenomas with normal 1 mg DST results
were classified as NFAT.

This study has been conducted in accordance with
the Declaration of Helsinki. Institutional review board ap-
proval for retrospective data review from patients undergoing
routine clinical care was obtained from the University
Hospital Birmingham NHS Foundation Trust (reference
CARMS-18109).

Data collection

We collected clinical, radiological, and laboratory data by re-
viewing the electronic medical records. All patients underwent
an assessment at the time of referral, which included the fol-
lowing: demographics; past medical history, including the
presence of comorbidities potentially related to cortisol excess
such as hypertension and type 2 diabetes (clinical outcomes
defined as per Prete et al.*); comprehensive laboratory workup
(including FBC, albumin, plasma metanephrines, plasma re-
nin and aldosterone, cortisol after the 1 mg DST, plasma
ACTH, and serum dehydroepiandrosterone sulphate
[DHEAS] levels); and radiological characteristics of the ad-
renal mass (side, maximum diameter, and tumour density ex-
pressed as Hounsfield units during non—contrast-enhanced
computed tomography).

Inflammation-based scores

Inflammation-based scores were calculated starting from FBC
and serum albumin as follows (Table S1): NLR by dividing the
absolute neutrophil count by the absolute lymphocyte count;
PLR by dividing the absolute platelet count by the absolute
lymphocyte count; SII by multiplying the absolute platelet
count and NLR; LMR by dividing the absolute lymphocyte
count by the absolute monocyte count; prognostic nutrition
index (PNI) by the formula [albumin level (g/L)+ (5 X total
lymphocyte count)]; neutrophil-to-platelet score (NPS) giving
a score of 0 if neutrophils <7.5 x 10°/L and platelets < 400 x
10°/L, a score of 1 if neutrophils > 7.5 x 10°/L or platelets >
400 x 10°/L, or a score of 2 if neutrophils > 7.5 x 10°/L and
platelets > 400 x 10%/L.'»120

Statistical analysis

Continuous data are shown as median and interquartile range.
Categorical variables are expressed as numbers and percen-
tages. The comparison of non-parametric continuous data
was performed by using the Mann—Whitney test or Kruskal-
Wallis test followed by Dunn’s post hoc test. The categorical
variables were compared by 4> test or Fisher’s test, as appro-
priate. The relationship between continuous variables was de-
termined by linear regression (Pearson’s correlation coefficient
if the 2 variables were normally distributed or Spearman’s cor-
relation coefficient for not normally distributed variables). For
the FBC parameters and inflammation-based scores that were
found to be different between MACS and NFAT, the receiver
operating characteristic (ROC) curves were performed to
establish optimal cut-off values and their associated sensitiv-
ities, specificities, and areas under the curve (AUC) for
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distinguishing MACS from NFAT. The Youden index (] =
sensitivity + specificity — 1) was used to identify the most ap-
propriate cut-off. P values of less than .05 were considered
statistically significant. Quade’s non-parametric analysis of
covariance has been used to adjust for variables (age and
body mass index [BMI]) that could influence the relationship
between FBC values, inflammation-based scores, and cortisol
secretion parameters. General linear modelling has been used
to adjust for potential confounders (ie, diabetes) in assessing
the differences in NLR values between patients with NFAT,
CPA-MACS, and CPA-CS.

Statistical analysis was performed by SPSS version 28.0 stat-
istical package (IBM Corporation), JMP (JMP® Pro, Version
16. SAS Institute Inc., Cary, NC, 1989-2021), and GraphPad
Prism version 9 (GraphPad Software).

Results

Characteristics of the study cohort

A total of 375 patients were included: 215 with NFAT
(59.1%), 138 with CPA-MACS (35.3%), and 22 with
CPA-CS (5.6%).

The demographic, hormonal, and radiological data are de-
tailed in Table 1. The 3 groups differed in terms of age,
BMI, and adrenal tumour maximum diameter and laterality.
Most patients were women with a higher predominance in
CPA-CS. As expected, we observed significant differences in
1 mg DST, ACTH, and DHEAS results, which correlated
with the degree of cortisol excess. Patients with CPA had a
higher prevalence of hypertension whilst the prevalence of
type 2 diabetes was similar across the groups.

Patients with CPA-MACS were further sub-classified as
CPA-MACS-1  (possible MACS, 122 patients) and
CPA-MACS-2 (definitive MACS, 26 patients), according to
cortisol levels after 1 mg DST.® Data are shown in Table S2.
Patients with CPA-MACS-1 had smaller tumours than
CPA-MACS-2, whilst the other clinical characteristics were
similar between the 2 groups.

Relationship between haematological parameters
and hormone levels

We observed a positive correlation between the cortisol levels
after the 1 mg DST and the absolute number of leucocytes (r =
0.249, P < .001), neutrophils (r=0.297, P < .001), and mono-
cytes (r=0.273, P<.001; Figure S2). At the same time, a
negative correlation was found between ACTH and leucocytes
(r=-0.288, P<.001), neutrophils (r=-0.272, P<.001),
and monocytes (r=—0.208, P < .001). Furthermore, total leu-
cocytes and neutrophils, but not monocytes, negatively corre-
lated with DHEAS levels (r=—0.111,7=-0.147, P = .03, and
P =.003, respectively; Figure S3).

Concerning the inflammation-based scores, a significant
positive correlation with cortisol levels after the 1 mg DST
was found for both NLR (r=0.280, P<.001) and SII
(r=0.224, P <.001), whilst they negatively correlated with
LMR (r=-0.239, P<.001; Figure 1A). Systemic
immune-inflammation index negatively correlated with both
ACTH (r=-0.137, P=.01) and DHEAS (r=-0.162,
P=.002), whilst NLR negatively correlated only with
DHEAS (r = —0.157, P = .0026; Figure 1B).
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Figure 1. Correlation between cortisol after 1 mg DST, DHEAS, and ACTH with inflammation-based scores in patients with adrenocortical adenomas.
(A) Correlation between cortisol after 1 mg DST and NLR, LMR, and Sll in patients with adrenocortical adenomas. (B) Correlation between DHEAS and
NLR, DHEAS and SlI, and ACTH and Sl in patients with adrenocortical adenomas. P values were determined with Spearman’s correlation coefficient.
1 mg DST, 1 mg overnight dexamethasone suppression test; DHEAS, dehydroepiandrosterone sulphate; ACTH, adrenocorticotropin hormone; NLR,
neutrophil-to-lymphocyte ratio; Sll, systemic immune-inflammation index; LMR, lymphocyte-to-monocyte ratio.

Relationship between haematological parameters
and adrenocortical tumour groups

We observed a gradual and significant increase of leucocyte,
neutrophil, and monocyte counts across the spectrum of corti-
sol excess, from NFAT over CPA-MACS to CPA-CS, whilst
platelets, lymphocytes, eosinophils, and basophils were simi-
lar (Table 2; Figure S4A).

In particular, NLR and SII were significantly higher in both
CPA-MACS (median 2.69 [2.02-3.61] and 727 [465.98-
953.32], respectively) and CPA-CS (median 3.80 [1.92-4.37]
and 859.55 [459.71-1355.20], respectively) compared to
NFAT (median 2.2 [1.71-2.93] and 558.26 [413.4-803.71],
respectively; Table 2 and Figure 2A). Conversely, LMR was
lower in CPA-MACS (median 3.12 [2.42-4.5]) and CPA-CS
(median 2.23 [1.82-3.47]) than in NFAT (median 3.66
[2.98-4.6]) but also significantly lower in CPA-CS compared
to CPA-MACS (Table 2 and Figure 2A). These results were
substantially confirmed even after adjustment for age, BMI
(Table 2), and the presence of diabetes mellitus (data not
shown).

We further stratified the patients with MACS according to
cortisol levels after 1 mg DST into CPA-MACS-1 (cortisol lev-
els between 50 and 138 nmol/L) and CPA-MACS-2 (cortisol
levels above 138 nmol/L). We observed that leucocytes, neu-
trophils, and monocytes gradually increased from NFAT to
CPA-MACS-1, CPA-MACS-2, and CPA-CS.

In particular, patients with CPA-MACS-2 had significantly
higher values of leucocytes and neutrophils when compared
to NFAT (P=.029 and P=.002, respectively), whilst only
monocytes were significantly different between CPA-MACS-1
and NFAT (P =.009; Table S2 and Figure S4B). The increasing
trend was observed also for NLR and SII scores, whilst LMR
showed a decreasing trend across the 4 groups. Of note, NLR

was significantly different when comparing CPA-MACS-1,
CPA-MACS-2, and CPA-CS with NFAT (P=.026, P=.003,
and P=.004, respectively), whilst LMR was higher in
CPA-CS compared to both CPA-MACS-1 and NFAT (P =.01
and P <.001, respectively; Table S2; Figure 2B). No differences
in FBC values and inflammation-based scores were observed in
the comparison between CPA-MACS-2 and CPA-MACS-1.

Sexual dimorphism of haematological parameters

Full blood count and inflammation score results for men and
women are reported in Table S3, Figure 3, and Figure SS.
We observed a gradual reduction of eosinophils across the
spectrum of cortisol excess (NFAT/CPA-MACS/CPA-CS) in
men but not in women; similarly, leucocytes were significantly
increased in women only, yet with less marked sex differences.
We also found that platelets were significantly higher in wom-
en in all groups, and monocytes were lower in women (except
for CS, which may not have reached statistical significance due
to the small number of men with CS), as expected due to
physiological differences. Both men and women showed simi-
lar increases in NLR and SII from NFAT over CPA-MACS to
CPA-CS, but the trend was significant in men only.
Interestingly, LMR decreased with increasing cortisol excess
in both sexes (both P<.001), but women had persistently
higher values than men (P <.001).

The discriminatory power of haematological
parameters to identify MACS

After excluding patients with CPA-CS, we assessed the per-
formance of different FBC parameters and inflammation-
based scores in distinguishing patients with NFAT (2 =215)
from CPA-MACS (7 =138). Neutrophil-to-lymphocyte ratio
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Figure 2. Inflammation-based scores in patients with adrenocortical adenomas. (A) Inflammation-based scores in patients with NFAT, CPA-MACS, and
CPA-CS. (B) Inflammation-based scores in patients with NFAT, CPA-MACS-1, CPA-MACS-2, and CPA-CS. Data are shown as median and interquartile
range, and the upper and the lower whiskers represent, respectively, the 90 and the 10 percentiles. *P< .05, **P< .01, and ***P < .001 (statistical
analysis were performed by the Kruskal-Wallis test followed by Dunn’s post hoc test). NFAT, non-functioning adrenal tumours; CPA-MACS,
cortisol-producing adenomas with mild autonomous cortisol secretion; CPA-CS, cortisol-producing adenomas with overt Cushing’s syndrome;
CPA-MACS-1, possible mild autonomous cortisol secretion; CPA-MACS-2, definitive mild autonomous cortisol secretion; NLR, neutrophil-to-lymphocyte
ratio; Sll, systemic immune-inflammation index; LMR, lymphocyte-to-monocyte ratio.

showed the highest discriminatory power with an AUC of
0.620 (95% CI 0.558-0.682); the cut-off value with the best
compromise between sensitivity (59.1%) and specificity
(64.5%) was 2.38 (Table S4). The discriminatory power of
NLR was slightly better in men (AUC 0.656, 95% CI
0.563-0.749).

Discussion

In the present study, by dissecting the results of blood tests
routinely obtained in clinical practice, we showed for the first
time that patients with CPA-MACS may have a higher degree
of inflammation compared to patients with NFAT. This was
suggested by differences in multiple serum inflammation-
based scores, such as NLR, SII, and LMR, which are used as
surrogates of systemic inflammatory response. In particular,
these scores correlated with the degree of cortisol excess and
were altered not only in patients with CPA-MACS but also
in those with CPA-CS, compared to NFAT.

Cortisol excess in overt CS can remarkably influence haem-
atopoiesis and circulating immune cells, as well as the degree

of systemic inflammation. Different studies have reported
FBC changes in patients with CS, eg, an increased number of
leucocytes and neutrophils and a decreased number of lym-
phocytes,”'*! which correlate with the severity of the disease
and improve after the resolution of CS.”~'"'®*! In our study,
we showed that the degree of cortisol excess—measured by
cortisol levels after 1 mg DST—correlated with leucocyte,
neutrophil, and monocyte levels in patients with non—
aldosterone-secreting adrenocortical adenomas regardless of
the presence of clinical signs of CS, suggesting that even mild
cortisol excess can adversely affect the levels of circulating im-
mune cells. This hypothesis is in keeping with the negative cor-
relation between the same FBC parameters and both ACTH
and DHEAS levels, in line with the ACTH-independent nature
of cortisol excess in CPA-MACS and CPA-CS.* However, due
to the weakness of these associations, the results should be in-
terpreted with caution.

Moreover, we showed that patients with CPA-MACS have
higher leucocyte and neutrophil counts as well as higher NLR
and SII scores compared to NFAT, potentially reflecting a
higher degree of systemic inflammation. These trends persisted
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Figure 3. Full blood count values and inflammation-based scores in patients with adrenocortical adenomas divided by sex. (A) Full blood count values in
men and women with NFAT, CPA-MACS, and CPA-CS. (B) Inflammation-based scores in men and women with NFAT, CPA-MACS, and CPA-CS. Data are
shown as median and interquartile range, and the upper and the lower whiskers represent, respectively, the 90 and the 10 percentiles. *P< .05,
**P<.01,and ***P<.001 (statistical analysis were performed by the Kruskal-Wallis test followed by Dunn’s post hoc test). NFAT, non-functioning
adrenal tumours; CPA-MACS, cortisol-producing adenomas with mild autonomous cortisol secretion; CPA-CS, cortisol-producing adenomas with overt
Cushing'’s syndrome; NLR, neutrophil-to-lymphocyte ratio; SlI, systemic immune-inflammation index; LMR, lymphocyte-to-monocyte ratio.

also when we analysed separately patients with possible
(CPA-MACS-1) or definitive MACS (CPA-MACS-2), suggest-
ing that even milder degrees of cortisol excess can affect im-
mune function. Our findings suggest that patients with
CPA-MACS, similarly to CPA-CS, have compromised immun-
ity, which may increase their risk of infections. This is in ac-
cordance with a recent study showing that patients with
CPA-MACS have a self-reported increased rate of urinary
tract infections and flu compared with healthy subjects,??
but data from systematic studies are lacking. This is of major
clinical relevance considering the high prevalence of
CPA-MACS in adults, and because impaired immunity in
CPA-MACS may not only affect the risk of infection but
also contribute to other adverse health outcomes, including tu-
mourigenesis; indeed, CPA-MACS have remarkably high mor-
tality from cancer.”

To our knowledge, only 1 previous study proposed NLR to
differentiate NFAT from CPA (including both CS and MACS)
and reported that a cut-off for NLR of 2.2 had a sensitivity of
80% and a specificity of 54%.'” Our study confirmed that
NLR had the best discriminatory power among all the
inflammation-based scores. We performed this analysis to
compare our findings with previous data'” and determine their
potential ability to differentiate NFAT from CPA-MACS. Our
results demonstrate that NLR, SII, and LMR effectively distin-
guish NFAT from CPA-MACS. Nevertheless, due to the low
AUC levels, this association should be interpreted with cau-
tion, and we do not recommend using these scores as a stand-
alone diagnostic tool. However, inflammation-based scores at
baseline and during follow-up may provide insights for the
management of MACS when opting for conservative treat-
ment vs targeted interventions. However, further larger

studies, including longitudinal monitoring, are required be-
fore the use of inflammation-based scores can be implemented
in clinical practice.

In relation to sexual dimorphism, we observed that women
exhibited higher values than men in the LMR for the NFAT,
CPA-MACS, and CPA-CS groups. Additionally, men with CPA-
MACS had higher NLR compared to women with CPA-MACS
and demonstrated slightly superior performance in distinguish-
ing between these 2 groups.

These findings suggest that there may be intrinsic differences
in immune response between men and women, particularly in
response to cortisol excess. It is possible that cortisol excess in-
duces a distinct inflammatory response and immune system
activation based on sex.*® The significance of sex as a deter-
minant of the outcome of glucocorticoid receptor signalling
has been demonstrated by Duma et al.** who reported sexual-
ly dimorphic glucocorticoid receptor signalling in rat livers. In
particular, they observed that dexamethasone displayed stron-
ger anti-inflammatory activity in males compared to females,
inhibiting pro-inflammatory cytokines like IL-6 and tumour
necrosis factor (TNF)-a. This divergent glucocorticoid recep-
tor signalling in male compared to female rats can alter func-
tion and impact the progression of diseases with gender
difference in prevalence. In conclusion, these results suggest
that there may be a disparity in inflammation levels between
men and women with CPA-MACS. To establish a deeper
understanding of the sexual dimorphic action of cortisol and
its potential relationship with inflammation levels and conse-
quently potential differences in complications or treatment ap-
proaches, further research is needed.

Finally, we observed significant changes in monocyte levels
and monocyte-based score (LMR) in patients with CPAs.
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Monocytes are circulating precursors of macrophages and
play a fundamental role in inflammatory activation, innate
and adaptive immunity, and tissue repair.

However, studies in humans showed that monocytes are in-
creased in patients with CS and MACS, in line with our re-
sults.'® In our study, monocytes were also higher in
men than in women, but this was in accordance to known
physiological gender differences.>® Aside from total numbers,
how myeloid precursor populations are influenced by elevated
circulating cortisol in MACS and the impact this has on their
function and immune-regulatory properties has yet to be as-
certained. However, meta-inflammation, with altered macro-
phage polarization states, has been linked to insulin
insensitivity, atherosclerosis, inflammatory bowel disease,
cancer, and autoimmunity.?®

This study has some limitations. Firstly, the retrospective
design prevents us from drawing clear conclusions on the
causal effects of cortisol secretion on the FBC values and the
inflammation-based scores. Furthermore, data on the post-
operative FBC levels that could help to explore a causal role
were frequently not available (mostly because patients with
NFAT and the majority of CPA-MACS patients do not usually
undergo surgery). Another limitation due to the retrospective
nature of the study is the limited availability of data on
ethnicity, smoking status, and metabolic control of diabetes
mellitus—factors that have been shown to be related to inflam-
mation and, specifically, to potentially increase NLR.*~>°
Furthermore, data on other inflammation markers, such as
levels of C-reactive protein and pro-inflammatory cytokines,
were either missing or only available for a small subset of pa-
tients. Finally, we did not measure the lymphocyte and mono-
cyte sub-populations, which could help to better understand
cortisol-induced changes.

In conclusion, this study provides evidence that, similarly to
overt CS, mild degrees of cortisol autonomy influence the im-
mune system function and inflammatory response, which may
contribute to MACS-related comorbidities. We also speculate
that inflammation levels and immune response may differ
between men and women, highlighting the need for further re-
search to understand the potential impact of sex on
cortisol-induced inflammation and its implications for disease
progression and management. Our data inform the connec-
tion between cortisol excess and inflammation and offer in-
sights for potential interventions and surveillance strategies
in patients with CPA-MACS.

Acknowledgments

The authors thank the core members of the Queen Elizabeth
Hospital Birmingham Adrenal Tumour Multidisciplinary
Team for their support in the management of patients with ad-
renal masses.

Supplementary material

Supplementary material is available at European Journal of
Endocrinology online.

Funding

A.P. receives support from the National Institute for Health
and Care Research (NIHR) Birmingham Biomedical
Research Centre at the University Hospitals Birmingham
NHS Foundation Trust and the University of Birmingham

525

(grant reference number NIHR203326). R.H. receives sup-
port from the National Institute for Health and Care
Research (NIHR) Birmingham Biomedical Research Centre
(grant number BRC-1215-20009). The views expressed are
those of the authors and not necessarily those of the NIHR
or the Department of Health & Social Care.

Conflict of interest: 1.C. has served on the advisory boards of
HRA Pharma and Corcept Therapeutics. C.L.R. has received a
research grant from HRA Pharma Rare Disease. All other au-
thors have nothing to disclose.

Author contributions

Vittoria Favero (Data curation [equal], Formal analysis
[equal], Validation [equal], Writing—original draft [equal],
Writing—review & editing [equal]), Alessandro Prete
(Supervision [equal], Validation [equal], Visualization [equal],
Writing—original draft [equal], Writing—review & editing
[equal]), Alessandra Mangone (Data curation [equal],
Validation [equal], Visualization [equal]), Yasir S. Elhassan
(Supervision [equal], Validation [equal], Visualization [equal],
Writing—review & editing [equal]), Valentina Pucino
(Conceptualization [equal], Methodology [equal], Validation
[equal], Writing—review & editing [equal]), Miriam Asia
(Data curation [equal], Validation [equal], Visualization
[equal], Writing—review & editing [equal]), Rowan Hardy
(Supervision [equal], Validation [equal], Visualization [equal],
Writing—review & editing [equal]), Iacopo Chiodini
(Supervision [equal], Validation [equal], Visualization [equal],
Writing—review & editing [equal]), and Cristina L. Ronchi
(Conceptualization [equal], Supervision [equal], Validation
[equal], Visualization [equal], Writing—original draft [equal],
Writing—review & editing [equal]).

Data availability

All the relevant data underlying this article are available in the
article and in its online supplementary material. Additional
data will be shared on reasonable request to the corresponding
author.

References

1. Song JH, Chaudhry FS, Mayo-Smith WW. The incidental adrenal
mass on CT: prevalence of adrenal disease in 1,049 consecutive ad-
renal masses in patients with no known malignancy. Am |
Roentgenol. 2008;190(5):1163-1168. https:/doi.org/10.2214/ajr.
07.2799

2. Reimondo G, Castellano E, Grosso M, et al. Adrenal incidentalo-
mas are tied to increased risk of diabetes: findings from a prospect-
ive study. | Clin Endocrinol Metab. 2020;105(4):¢973-¢981.
https:/doi.org/10.1210/clinem/dgz284

3. Bancos I, Taylor AE, Chortis V, et al. Urine steroid metabolomics
for the differential diagnosis of adrenal incidentalomas in the
EURINE-ACT study: a prospective test validation study. Lancet
Diabetes Endocrinol. 2020;8(9):773-781. https:/doi.org/10.1016/
$2213-8587(20)30218-7

4. Prete A, Subramanian A, Bancos I, et al. Cardiometabolic disease
burden and steroid excretion in benign adrenal tumors: a cross-
sectional multicenter study. Anmn Intern Med. 2022;175(3):
325-334. https://doi.org/10.7326/m21-1737

5. Fassnacht M, Arlt W, Bancos I, et al. Management of adrenal inci-
dentalomas: European Society of Endocrinology Clinical Practice
Guideline in collaboration with the European Network for the

202 Iudy €2 uo }sanb Aq 991021 ./. 1 G/G/681 /o101 Ee/opus(e/wod dno-dlwapese//:sdjy woly papeojumoq


http://academic.oup.com/ejendo/article-lookup/doi/10.1093/ejendo/lvad151#supplementary-data
https://doi.org/10.2214/ajr.07.2799
https://doi.org/10.2214/ajr.07.2799
https://doi.org/10.1210/clinem/dgz284
https://doi.org/10.1016/s2213-8587(20)30218-7
https://doi.org/10.1016/s2213-8587(20)30218-7
https://doi.org/10.7326/m21-1737

526

10.

11.

12.

13.

14.

15.

16.

17.

Study of Adrenal Tumors. Eur | Endocrinol. 2016;175(2):G1-G34.
https:/doi.org/10.1530/eje-16-0467

Elhassan YS, Alahdab F, Prete A, et al. Natural history of adrenal
incidentalomas with and without mild autonomous cortisol excess:
a systematic review and meta-analysis. Ann Intern Med.
2019;171(2):107-116. https:/doi.org/10.7326/m18-3630
Deutschbein T, Reimondo G, Di Dalmazi G, et al. Age-dependent
and sex-dependent disparity in mortality in patients with adrenal in-
cidentalomas and autonomous cortisol secretion: an international,
retrospective, cohort study. Lancet Diabetes Endocrinol. 2022;
10(7):499-508. https:/doi.org/10.1016/s2213-8587(22)00100-0
Hasenmajer V, Sbardella E, Sciarra F, Minnetti M, Isidori AM,
Venneri MA. The immune system in Cushing’s syndrome. Trends
Endocrinol Metab. 2020;31(9):655-669. https:/doi.org/10.1016/j.
tem.2020.04.004

Tatsi C, Boden R, Sinaii N, et al. Decreased lymphocytes and in-
creased risk for infection are common in endogenous pediatric
Cushing syndrome. Pediatr Res. 2018;83(2):431-437. https:/doi.
org/10.1038/pr.2017.278

Detomas M, Altieri B, Chifu I, et al. Subtype-specific pattern of
white blood cell differential in endogenous hypercortisolism. Eur
J Endocrinol. 2022;187(3):439-449. https:/doi.org/10.1530/¢je-
22-0211

Wurth R, Rescigno M, Flippo C, Stratakis CA, Tatsi C.
Inflammatory biomarkers in the evaluation of pediatric endogenous
Cushing syndrome. Eur | Endocrinol. 2022;186(4):503-510.
https:/doi.org/10.1530/eje-21-1199

Bugada D, Allegri M, Lavand’homme P, De Kock M, Fanelli G.
Inflammation-based scores: a new method for patient-targeted
strategies and improved perioperative outcome in cancer patients.
Biomed Res Int. 2014;2014:142425. https:/doi.org/10.1155/
2014/142425

Wang R, Wen X, Huang C, Liang Y, Mo Y, Xue L. Association be-
tween inflammation-based prognostic scores and in-hospital out-
comes in elderly patients with acute myocardial infarction. Clin
Interv Aging. 2019;14:1199-1206. https:/doi.org/10.2147/cia.
$214222

Oh SW, Yi HJ, Lee DH, Sung JH. Prognostic significance of various
inflammation-based scores in patients with mechanical thrombec-
tomy for acute ischemic stroke. World Neurosurg. 2020;141:
e710-e7e7. https:/doi.org/10.1016/j.wneu.2020.05.272

Zahorec R. Neutrophil-to-lymphocyte ratio, past, present and fu-
ture perspectives. Bratisl Lek Listy. 2021;122(7):474-488. https:/
doi.org/10.4149/b11_2021_078

Paja M, Merlo I, Rodriguez-Soto J, et al. White blood cell count: a
valuable tool for suspecting Cushing’s syndrome. | Endocrinol
Invest. 2023;46(1):141-149. https:/doi.org/10.1007/s40618-022-
01892-6

Wang W, Wang J, Shen C, Zhu S, Gao Y, Zhang J.
Neutrophil-lymphocyte ratio as an initial screening biomarker
for differential diagnosis of Cushing’s syndrome from

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

European Journal of Endocrinology, 2023, Vol. 189, No. 5

nonfunctional adenoma in patients with an adrenal mass. Biomed
Res Int. 2021;2021:6635594. https:/doi.org/10.1155/2021/
6635594

Mangion J, Imbroll MG, Craus S, Vassallo J, Gruppetta M.
Epidemiology and blood parameter changes in Cushing’s syn-
drome—a  population-based  study. Hormones (Athens).
2022;21(3):467-476. https://doi.org/10.1007/s42000-022-00384-9
Marques P, de Vries F, Dekkers OM, et al. Pre-operative serum
inflammation-based scores in patients with pituitary adenomas.
Pituitary. 2021;24(3):334-350. https:/doi.org/10.1007/s11102-020-
01112-5

Marques P, de Vries F, Dekkers OM, Korbonits M, Biermasz NR,
Pereira AM. Serum inflammation-based scores in endocrine tumors.
J Clin Endocrinol Metab. 2021;106(10):e3796-ee819. https:/doi.
org/10.1210/clinem/dgab238

Masri-Iraqi H, Robenshtok E, Tzvetov G, Manistersky Y, Shimon 1.
Elevated white blood cell counts in Cushing’s disease: association
with hypercortisolism. Pituitary. 2014;17(5):436-440. https:/doi.
org/10.1007/s11102-013-0522-0

Minnetti M, Hasenmajer V, Sbardella E, et al. Susceptibility and
characteristics of infections in patients with glucocorticoid excess
or insufficiency: the ICARO tool. Eur | Endocrinol. 2022;187(5):
719-731. https:/doi.org/10.1530/eje-22-0454

Kroon J, Pereira AM, Meijer OC. Glucocorticoid sexual dimorph-
ism in metabolism: dissecting the role of sex hormones. Trends
Endocrinol Metab. 2020;31(5):357-367. https:/doi.org/10.1016/j.
tem.2020.01.010

Duma D, Collins JB, Chou JW, Cidlowski JA. Sexually dimorphic
actions of glucocorticoids provide a link to inflammatory diseases
with gender differences in prevalence. Sci Signal. 2010;3(143):
ra74. https:/doi.org/10.1126/scisignal.2001077

Chen Y, Zhang Y, Zhao G, et al. Difference in leukocyte compos-
ition between women before and after menopausal age, and distinct
sexual dimorphism. PLoS One. 2016;11(9):e0162953. https:/doi.
org/10.1371/journal.pone.0162953

Li C, Xu MM, Wang K, Adler AJ, Vella AT, Zhou B. Macrophage
polarization and meta-inflammation. Transl Res. 2018;191:29-44.
https:/doi.org/10.1016/j.trs1.2017.10.004

Adane T, Melku M, Worku YB, et al. The association between
neutrophil-to-lymphocyte ratio and glycemic control in type 2 dia-
betes mellitus: a systematic review and meta-analysis. | Diabetes
Res. 2023;2023:3117396. https:/doi.org/10.1155/2023/3117396
Kao YH, Lin WT, Thomas CL, Lin HY, Tseng TS. Association be-
tween smoking and neutrophil to lymphocyte ratio among prostate
cancer survivors: the National Health and Nutrition Examination
Survey. Transl Cancer Res. 2019;8(54):S346-S354. https:/doi.org/
10.21037/tcr.2019.05.23

Guadagno E, Russo D, Pignatiello S, Del Basso De Caro M.
Inflammation in the neoplasms of the adrenal gland: Is there a prog-
nostic role? An immunohistochemical study. Pathol Res Pract.
2020;216(9):153070. https://doi.org/10.1016/j.prp.2020.153070

202 Iidy €2 Uo 1s9nB Aq 9910212/ 1.5/5/68 L /9121LE/0pUsfe/woo"dno-ojwapese//:sdny woly papeojumoq


https://doi.org/10.1530/eje-16-0467
https://doi.org/10.7326/m18-3630
https://doi.org/10.1016/s2213-8587(22)00100-0
https://doi.org/10.1016/j.tem.2020.04.004
https://doi.org/10.1016/j.tem.2020.04.004
https://doi.org/10.1038/pr.2017.278
https://doi.org/10.1038/pr.2017.278
https://doi.org/10.1530/eje-22-0211
https://doi.org/10.1530/eje-22-0211
https://doi.org/10.1530/eje-21-1199
https://doi.org/10.1155/2014/142425
https://doi.org/10.1155/2014/142425
https://doi.org/10.2147/cia.S214222
https://doi.org/10.2147/cia.S214222
https://doi.org/10.1016/j.wneu.2020.05.272
https://doi.org/10.4149/bll_2021_078
https://doi.org/10.4149/bll_2021_078
https://doi.org/10.1007/s40618-022-01892-6
https://doi.org/10.1007/s40618-022-01892-6
https://doi.org/10.1155/2021/6635594
https://doi.org/10.1155/2021/6635594
https://doi.org/10.1007/s42000-022-00384-9
https://doi.org/10.1007/s11102-020-01112-5
https://doi.org/10.1007/s11102-020-01112-5
https://doi.org/10.1210/clinem/dgab238
https://doi.org/10.1210/clinem/dgab238
https://doi.org/10.1007/s11102-013-0522-0
https://doi.org/10.1007/s11102-013-0522-0
https://doi.org/10.1530/eje-22-0454
https://doi.org/10.1016/j.tem.2020.01.010
https://doi.org/10.1016/j.tem.2020.01.010
https://doi.org/10.1126/scisignal.2001077
https://doi.org/10.1371/journal.pone.0162953
https://doi.org/10.1371/journal.pone.0162953
https://doi.org/10.1016/j.trsl.2017.10.004
https://doi.org/10.1155/2023/3117396
https://doi.org/10.21037/tcr.2019.05.23
https://doi.org/10.21037/tcr.2019.05.23
https://doi.org/10.1016/j.prp.2020.153070

	Inflammation-based scores in benign adrenocortical tumours are linked to the degree of cortisol excess: a retrospective single-centre study
	Introduction
	Methods
	Patient cohort
	Data collection
	Inflammation-based scores
	Statistical analysis

	Results
	Characteristics of the study cohort
	Relationship between haematological parameters and hormone levels
	Relationship between haematological parameters and adrenocortical tumour groups
	Sexual dimorphism of haematological parameters
	The discriminatory power of haematological parameters to identify MACS

	Discussion
	Acknowledgments
	Supplementary material
	Funding
	Author contributions
	Data availability
	References


