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ABSTRACT

Objectives: Chronic hypercortisolism causes diverse alterations in the immune system and inflammatory disruptions. Serum in-
flammation-based scores (SIBS) are indicators of systemic inflammatory status. This study aims to determine the role of SIBS in the
diagnosis and evaluation of remission in patients with Cushing’s disease (CD).

Methods: This retrospective cross-sectional study was conducted on 195 participants; 52 patients diagnosed and followed up
after treatment with CD, 65 patients with subclinical Cushing’s syndrome (SCS), and 78 healthy individuals whose complete blood
counts (CBC) were obtained for analysis. Participants with additional diseases or drug use that could affect CBC were excluded
from the study. SIBS of the three groups were compared. Scores considered were neutrophil-to-lymphocyte ratio (NLR), mono-
cyte-to-lymphocyte ratio (MLR), platelet-to-lymphocyte ratio (PLR), and systemic immune-inflammation index (Sll). The correla-
tions between SIBS and initial diagnostic tests for hypercortisolism were analyzed. The SIBS of patients with CD at the diagnosis
were compared with those after remission. In addition, receiver operator characteristic curve analyses were used to determine the
diagnostic accuracy, specificity, and sensitivity of the scores significantly high in the CD group.

Results: MLR and Sl values were significantly higher in CD patients than in the healthy group (p<0.01). NLR and SII were signifi-
cantly higher in patients with CD than those with SCS (p<0.05). There were no significant differences between the SCS and the
control groups in all SIBS. We determine significant, positive, and moderately correlated findings between SIBS and initial diag-
nostic tests for hypercortisolism in the CD group (0.30<r<0.70; p<0.05). All of the scores evaluated were significantly lower in the
remission of the disease compared to the active period (p<0.001). An optimal cut-off MLR value of 0.20 showed the best diagnostic
value (p=0.003; sensitivity, 78.4%; specificity, 51.4%), and an optimal cut-off Sl value of 776.20 showed the best diagnostic value
(p=0.017; sensitivity, 54.9%; specificity, 70.0%).

Conclusion: The SIBS, which can be easily calculated with the data obtained from CBC and do not have additional costs, can con-
tribute to the diagnosis and assessment of remission in patients with CD.

Keywords: Cushing’s disease, monocyte-to-lymphocyte ratio, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, serum
inflammation-based scores, systemic immune-inflammation index

Please cite this article as "Canat MM, Yarkutay Turkkan C, Erhan H, Yener Ozturk F, Altuntas Y. The Role of Serum Inflammation-Based
Scores in Diagnosis and Assessing Remission in Cushing's Disease. Med Bull Sisli Etfal Hosp 2023;57(2):250-256"

Address for correspondence: Muhammed Masum Canat, MD. Department of Endocrinology and Metabolism, University of Health Sciences
Turkiye, Sisli Hamidiye Etfal Training and Research Hospital, Istanbul, Turkiye

Phone: +90 505 530 18 94 E-mail: mmasumcanat@gmail.com

Submitted Date: May 04, 2023 Revised Date: May 26, 2023 Accepted Date: May 26, 2023 Available Online Date: June 20,2023

©Copyright 2023 by The Medical Bulletin of Sisli Etfal Hospital - Available online at www.sislietfaltip.org
OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).



https://orcid.org/0000-0002-3178-056X
https://orcid.org/0000-0002-3178-056X
https://orcid.org/0009-0005-6938-0851
https://orcid.org/0009-0005-6938-0851
https://orcid.org/0009-0004-1380-9519
https://orcid.org/0009-0004-1380-9519
https://orcid.org/0000-0001-5584-4954
https://orcid.org/0000-0001-5584-4954
https://orcid.org/0000-0002-3559-035X
https://orcid.org/0000-0002-3559-035X

Canat et al., Serum Inflammation-Based Scores in Cushing’s Disease / doi: 10.14744/SEMB.2023.14306 251

Cushing’s syndrome (CS) is a serious endocrine disorder
characterized by chronic excessive tissue exposure to
circulating corticosteroids. External use of synthetic glu-
cocorticoids (GCs) is the most common cause of this syn-
drome and is called iatrogenic (or exogenous) CS. Endog-
enous CS is a rare condition resulting from heterogeneous
disorders leading to cortisol hypersecretion. The causes of
endogenous CS may be divided into those that are corti-
cotropin (ACTH) dependent and those that are ACTH in-
dependent. ACTH-dependent CS constitutes 80-85% of all
endogenous CS; the most common reason for this rate is
excessive ACTH production from a corticotroph adenoma
in pituitary gland, called Cushing’s disease (CD). The associ-
ation of chronic hypercortisolemia with several morbidities
has been well known, and if left untreated, it significantly
negatively impacts survival.

Specific symptoms and signs suggest the possible pres-
ence of CS. Unfortunately, none of these are pathogno-
monic, and many are non-specific (e.g., glucose intoler-
ance, hypertension, menstrual irregularity, and obesity).
Consequently, the diagnosis must be confirmed by bio-
chemical tests. The initial diagnostic tests for hypercorti-
solism are low-dose dexamethasone suppression tests,
24-h urinary-free cortisol (UFC) excretion, late-night sali-
vary cortisol, and late-night serum cortisol. Once the diag-
nosis is established, additional evaluation is done to iden-
tify the cause of the hypercortisolism.” However, none of
the initial tests have ideal sensitivity or specificity.® There-
fore, tests would be selected based on the individual’s clin-
ical history.

Autonomous glucocorticoid production from incidentally
detected adrenal tumors without signs and symptoms of
CSis entitled subclinical Cushing’s syndrome (SCS). In these
patients, glucocorticoid production is supposed to be in-
sufficient to cause CS. Only a minority of patients with SCS
progress to overt CS. Therefore, it is recommended to fol-
low these cases without treatment.

GCs play a substantial role in inflammation, and chronic
exposure causes various alterations in the immune system.
CS is associated with leukocytosis, lymphopenia, monocy-
topenia, and low eosinophils.®! After remission, patients
significantly recover their blood components.!

Serum inflammation-based scores (SIBS) are indicators
of systemic inflammatory status and predict outcomes in
inflammation-related diseases and cancer.”? Several SIBS
can easily be calculated from complete blood count (CBC)
data: Neutrophil-to-lymphocyte ratio (NLR),® mono-
cyte-to-lymphocyte ratio (MLR),”! platelet-to-lymphocyte
ratio (PLR),'” and systemic immune-inflammation index
(Sl1).nm

Strict conditions concerning sample collection and
methods induce difficulties in initial screening testing
for the diagnosis of CS, particularly in primary care clin-
ics. Therefore, more readily measurable biomarkers are
needed for screening and post-treatment follow-up for
CS.

This study aims to determine the role of SIBS in the diagno-
sis and evaluation of remission in patients with Cushing’s
disease (CD).

Methods

This retrospective cross-sectional study was conduct-
ed on 52 CD patients diagnosed and followed up after
treatment in the Endocrinology and Metabolism Clinic
between March 2020 and 2023. CS was diagnosed with
typical systemic symptoms, physical examination, and
laboratory results according to the last guidelines.”” The
diagnosis was confirmed by pathological evaluation af-
ter pituitary surgery. Biochemical remission was assessed
according to the current guidelines: Post-operative corti-
sol <1.8 mcg/dL, cortisol <5 mcg/dL measured 3 months
after surgery, normal UFC on two different samples, and
1 mg dexamethasone suppression to cortisol <1.8 mcg/
dL, as clinically appropriate.l'>™ A total of 65 SCS patients
and 78 healthy hospital staff were also included in the
study. The diagnosis of SCS is based on the presence of
the following three criteria: () The patient has an inciden-
tally detected adrenal adenoma; (1) the patient does not
have an evident cushingoid phenotype; and (lll) endo-
crine workup shows autonomous (ACTH independent)
cortisol secretion.*' Patients diagnosed with SCS have
been following up annually without medical or surgical
treatment. Healthy individuals, the control group (CG),
have had their CBC values checked for health screeningin
the past 6 months. The exclusion criteria for all individuals
were as follows: (I) Patients with hematological or chron-
ic inflammatory disease that may affect CBC; (ll) patients
with acute/chronic infections; (lll) cases who had been
taking corticosteroids and immunosuppressants; (IV) age
<18 and >70 years old; and (V) pregnancy.

The demographic, laboratory, clinical, and follow-up data
of cases were retrieved from the electronic patient records.
SIBS were used to assess systemic inflammatory status. The
scores, NLR, MLR, PLR, and SlI, were calculated using the
following formulas: NLR=neutrophils/lymphocytes, ML-
R=monocytes/lymphocytes, PLR=platelets/lymphocytes,
and Sli=(neutrophils x platelets)/lymphocytes.”'"! SIBS of
the CD group were compared with the other groups. Cor-
relations between SIBS and initial diagnostic tests for hy-
percortisolism were analyzed. The scores of cases with CD
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at diagnosis were compared with those after remission. In
addition, receiver operator characteristic (ROC) curve anal-
yses were used to establish a threshold value for diagnostic
accuracy, specificity, and sensitivity of the scores signifi-
cantly high in the CD group.

Ethical Standards

The study was conducted in accordance with the Declara-
tion of Helsinki (as revised in 2013). The institutional clinical
research ethic committee was approved this study proto-
col on December 13, 2022 (Approval number: 3738).

Statistical Analysis

Statistical analyses were conducted using IBM SPSS® Sta-
tistics for Windows, Version 17.0 (IBM Corp. Armonk, NY,
USA). The Kolmogorov-Smirnov test was used to deter-
mine whether data were normally distributed, and if not,
non-parametric assessments were used, including Spear-
man’s correlation of the different variables. Categorical
data were reported as percentages and compared using
the Chi-square test. In cases where the data did not show
normal distribution, Mann-Whitney U-test and Kruskal-
Wallis H-test were used for comparisons. ROC curve anal-
yses were used to obtain the optimal threshold value for
a particular variable predicting a certain outcome. p<0.05
was considered as statistically significant.

Results

The demographic and laboratory data of all subjects, in-
cluding 52 CD patients, 65 SCS patients, and 78 healthy
subjects, are shown in Table 1. The mean age of the SCS
group was significantly higher than the other groups. There
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was no significant difference in gender between the three
groups.

White blood cells (WBC), neutrophils, monocytes, platelets,
MLR, and Sl were significantly higher in the CD group when
compared with the CG. However, there were no significant
differences in NLR and PLR between the CD and CGs. A
comparison of the SIBS between the CD and SCS groups
showed that the NLR and SII were significantly higher in
patients with CD than in those with SCS; there were no sig-
nificant differences in the other scores. There were no sig-
nificant differences in all SIBS between the SCS group and
the CG; only lymphocytes were significantly higher in the
SCS group (Table 1).

Significant and positively correlated findings between
SIBS and initial diagnostic tests for hypercortisolism
were moderate in the CD group as follows: () Between
NLR and UFC (r=0.460, p=0.001) and late-night serum
cortisol (r=0.426, p=0.003) levels; (ll) between PLR and
UFC (r=0.348, p=0.017) levels; (lll) between MLR and UFC
(r=0.392, p=0.006) and standard 2-day 2 mg DST (r=0.295,
p=0.041) levels; and (IV) between Sl and UFC (r=0.443,
p=0.002) levels. There were no correlations in the SCS
group between SIBS and initial diagnostic tests for hyper-
cortisolism (Table 2).

The values of the SIBS in patients with CD at diagnosis
were compared with those after remission (Table 3). It was
determined that all of the scores evaluated were lower in
remission of the disease compared to the active period
(p<0.001).

ROC curve analyses were applied for the significantly high
MLR and Sll scores in the CD group. An optimal cut-off MLR

Table 1. The demographic and laboratory data of the CD group, SCS group, and control group

CD group (n=52) SCS group (n=65) Control group (n=78) P
n/Mean+SD n/Mean+SD n/Mean+SD
Gender (F/M) 42/10 56/9 59/19 0,459
Age (years) 49.88+11.99 60.23+8.92 45.1+£12.48 <0.001
WBC (10°/L) 9.29+3.61 7.93+2.19 7.05+2.00 <0.001
Neutrophils (10 °/L) 6.18+3.62 4.89+1.74 4.58+1.65 <0.001
Lymphocytes (10 /L) 2.21+0.82 2.35+0.74 1.9740.61 0,006
Monocytes (10 °/L) 0.59+0.21 0.46%0.13 0,43%0.15 <0.001
Platelets (10 °/L) 299.67+78.39 283.03+£84.22 260.6+56.99 0.006
NLR 3.83+7.39 2.23+0.97 2.65+1.67 0.011
PLR 161.26+107.13 132.33+61.04 149.65+61.81 0,086
MLR 0.29+0.12 0.21+0.06 0.24+0.10 <0.001
Sl 1239.46+2756.10 666.01+490.07 695.31+416.78 0.004

CD: Cushing'’s disease; SCS: Subclinical Cushing’s syndrome; F: Female; M: Male; WBC: White blood cell; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-
lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio; SlI: Systemic immune-inflammatory index.
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Table 2. Correlation between serum inflammation-based scores and initial diagnostic tests for hypercortisolism in the CD and SCS groups

NLR PLR MLR Sl
CcD SCS CcD SCS cD SCS cDh SCS

8 am serum cortisol

r 0.191 0.191 -0.044 0.042 0.086 0.123 0.175 0.117

p 0.178 0.127 0.761 0.742 0.547 0.328 0.220 0.355
Overnight 1 mg DST

r —-0.042 0.018 0.059 0.089 0.304 0.116 0.201 0.035

p 0.712 0.884 0.682 0.482 0.032 0.357 0.162 0.780
Standard 2-day 2 mg DST

r -0.011 0.077 0.181 0.094 0.295 0.011 0.219 0.064

p 0.927 0.551 0.219 0.464 0.041 0.929 0.134 0.617
UFC

r 0.460 0.040 0.348 0.016 0.392 -0.078 0.443 0.027

p 0.001 0.756 0.017 0.903 0.006 0.542 0.002 0.835
Late-night serum cortisol

r 0.426 0.028 0.130 0.019 0.249 0.076 0.377 0.011

p 0.003 0.831 0.388 0.885 0.096 0.563 0.010 0.935
Late-night salivary cortisol

r 0416 0.057 0.130 0.018 0.237 0.032 0.239 -0.003

p 0.007 0.659 0.419 0.889 0.136 0.801 0.132 0.984

NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio; SlI: Systemic immune-inflammatory index;

DST: Dexamethasone suppression test; UFC: 24-h urinary-free cortisol.

Table 3. Comparison of pre-operative and post-operative values of the serum inflammation-based scores in the CH group

Pre-operative value Post-operative-remission value p
(MeanzSD) (MeanzSD)
NLR 3.83+7.39 2.06+1.29 <0.001
PLR 161.26+107.13 124.81£59.23 0.002
MLR 0.29£0.12 0.21+0.08 <0.001
Sli 1239.46+2756.10 621.96+479.05 <0.001

NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio; SlI: Systemic immune-inflammatory index.

value of 0.20 showed the best diagnostic value (area un-
der the curve=0.659; 95% confidence interval: 0.560-0.758;
p=0.003; sensitivity, 78.4%; and specificity, 51.4%) (Figure
1). An optimal cut-off Sll value of 776.20 showed the best
diagnostic value (area under the curve=0.627; 95% confi-
dence interval: 0.525-0.729; p=0.017; sensitivity, 54.9%;
specificity, 70.0%) (Figure 2).

Discussion

This study provides information on the effectiveness of
SIBS in the diagnosis of patients with CD and the evalua-
tion of remission after treatment. The MLR and SlI levels
were significantly high in the CD group. In addition, we de-

termined cut-off values with diagnostic accuracy, sensitivi-
ty, and specificity for these scores that we concluded could
be used to diagnose CD. Moreover, we showed that all the
scores we evaluated (NLR, PLR, MLR, and Sll) were signifi-
cantly reduced after CD treatment.

Harvey Cushing considered that “the malady seems to
leave the patients with a definite susceptibility to in-
fections” when he discovered endogenous hypercorti-
solism."™ Increased glucocorticoid exposure in chronic
hypercortisolism influences all immune cells, leading to
defective immune responses.® It was shown in a study
that increased WBC counts in CS were associated with
hypercortisolemia.”® In addition, CS is associated with
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Figure 1. ROC curve of MLR with positive discrimination of CD diagnosis.
MLR: Monocyte-to-Lymphocyte Ratio.

neutrophilia, lymphopenia, low eosinophils, and variabil-
ity in monocyte counts.'® In our study, WBC, neutrophil,
monocytes, and platelet counts were significantly higher
in the CD group than in the SCS and CGs. Curiously, the
lymphocyte counts of the CD group were not lower than
the CG. However, the lymphocyte count of the CD group
was lower than in the SCS group, which was interpreted
as a supportive finding.

NLR, MLR, PLR, and SlI are the SIBS based on CBC. Levels
of these scores may better reveal a disease’s inflamma-
tory status than counting a single cell."”! Increased SIBS
are generally associated with poor clinical outcomes in
cancer.”# |n addition, they have been studied in the liter-
ature to establish the prognosis of various diseases.['8"!
In this study, we evaluated diagnostic role of these scores
in CD.

Early diagnosis is essential to prevent the complications
and excess mortality associated with CS. However, it takes
years for most patients to be diagnosed.?I This delay is due
to both the non-specificity of hypercortisolism symptoms/
signs and the complexity of screening tests (UFC, late-night
salivary and serum cortisol, and low-dose DSTs). There is
no initial screening test with ideal sensitivity or specifici-
ty. Moreover, the fact that special endocrine tests such as
UFC and salivary cortisol can only be performed in large
centers makes them unavailable. In addition, false-positive
and negative results may occur if the test selection is not
individualized to history and lifestyle.”

Figure 2. ROC curve of Sl with positive discrimination of CD diagnosis.
SlI: Systemic Immune-Inflammation Index.

Due to the close association of cortisol hormone with in-
flammatory processes and the easy accessibility of CBC,
SIBS can be a useful supportive method in Cushing’s
screening.

There are limited studies that employ SIBS to diagnose
endogenous hypercortisolism in the literature. These
few studies evaluated scores either in patients with cor-
tisol-producing adrenal adenomas or in patients with pi-
tuitary adenomas (PA). To the best of our knowledge, our
study is first to determine the value of SIBS in the diagnosis
of CD patients.

Wang et al.?? conducted a retrospective study that in-
cluded a total of 270 patients with CS and non-function-
al adrenal adenoma. They compared only the NLR score
between the two groups. NLR was significantly higher in
the CS group than in the CG. In a study conducted with
73 patients with CS (40 of them; CD), WBC counts and NLR
showed a significant difference between cases and con-
trols.?® Another study evaluated a panel of inflammatory
scores in 288 pediatric patients diagnosed with CS. NLR,
PLR, and MLR differed between patients with CS and con-
trols. In addition, the inflammatory scores correlated with
the tests of cortisol secretion, such as late-night serum cor-
tisol, UFC, and morning cortisol.?” However, in our study,
significant differences were not found in NLR between the
CD and CGs. Several studies have suggested that SIl may
more comprehensively represent the inflammatory state
than NLR.>! Consistent with these studies, we found that
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Sl was significantly higher in the CD group than in the SCS
and CG (p=0.004). In addition, MLR was also significantly
higher in the CD group (p<0.001). A study analyzed the
SIBS of 424 patients (72 acromegalies, 70 CD, 68 prolactino-
mas, 6 thyrotropinomas, and 208 non-functional pituitary
adenomas) who operated for PA. While SIBS (NLR, SllI, and
neutrophil-platelet ratio) were high in patients with CD,
they did not vary among other PA patients.? The most
significant difference between our study and similar pub-
lications is that we compared our study group not only
with the healthy group but also with the SCS patients with
less glucocorticoid production group. Comparing the CD
and SCS group’s scores showed that the NLR and SIl were
significantly higher in patients with CD than those with
SCS. The fact that NLR was not significantly higher in the
CD group compared to the CG but was significantly higher
than in the SCS group suggested that it could be important
in evaluating hypercortisolemia.

We determine significant, positive, and moderately correlat-
ed findings between SIBS and initial diagnostic tests for
hypercortisolism in the CD group. In particular, the UFC cor-
related with all four scores. Similarly, in the study of Wurth et
al.=?% SIBS were found to correlate with tests of hypercorti-
solism (such as midnight serum cortisol and UFC).

Another distinctive characteristic of our study is comparing
the values of the SIBS in patients with CD at diagnosis with
those after remission. Similar studies conducted in patients
with endogenous hypercortisolism did not evaluate the
post-treatment change in scores. However, this evaluation
was made in some of the studies conducted with patients
with malignancy. It was shown that the scores significantly
decreased after the treatment, similar to our study.!"®

In our study, ROC curve analyses were performed to eval-
uate the diagnostic sensitivity and specificity for MLR
and SllI, which were significantly high compared to the
CG among the four systemic inflammatory scores. MLR,
with an optimal cut off of 0.20, showed the best diagnos-
tic value with a sensitivity of 78.4% and a specificity of
51.4%. Wurth et al.”¥ also found a similar cut-off value
for MLR in their study. With an optimal cut off of 776.20,
Sl showed the best diagnostic value with a sensitivity of
54.9% and a specificity of 70.0%. Although sensitivity and
specificity seem low when evaluated separately, it is clear
that these values will increase when both scores are used
together.

Our study has several limitations. First, it is a single-center,
retrospective study. Therefore, data such as pro-inflamma-
tory cytokine levels and CRP could not be evaluated. In ad-
dition, the patients may have had underlying undiagnosed
conditions influencing the CBC. Second, the relationship

between hypercortisolemia and inflammation has been
shown. However, the direct effect of ACTH-POMC on in-
flammation has not been investigated here; larger volume
studies comparing ACTH-independent CS and ACTH-de-
pendent CS are needed.

Conclusion

The SIBS, SlI, MLR, NLR, and PLR are simpler to calculate
during routine blood testing than current initial tests for
CD. The Sll and MLR in patients with CD were significant-
ly higher than in patients with SCS and healthy controls.
If these scores are combined, their diagnostic value for CD
would be higher than applied individually. In addition, it
was shown that all four scores significantly decreased af-
ter the successful treatment of CD. Therefore, we think that
they may be an alternative parameter for CD to evaluate
clinical activity, follow-up and response to treatment.
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