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Abstract
Background and aim

Sarcoidosis is a multisystem inflammatory disease of unknown aetiology. This study aimed to evaluate the
relationship between systemic inflammatory parameters, the systemic immune-inflammation index (SII)
and the lymphocyte-to-monocyte ratio (LMR), and disease stage, clinical findings, and 18F-fluoro-2-deoxy-
D-glucose (18F-FDG) tomography/computed tomography (PET/CT) uptake.

Materials and methods

Our study included 73 patients. The general characteristics, radiological features, spirometric tests, PET/CT
findings, and laboratory parameters of the patients were recorded.

Results

Relapse and parenchymal fibrosis were not associated with metabolic parameters, such as LMR and SII.
Serum angiotensin-converting enzyme (ACE) levels were lower in the relapsed group than in the non-relapse
group. However, the patients’ PET/CT images indicated that 18F-FDG parenchym maximum standard uptake
value (SUV max), lymph node SUV max, lymph node short axis dimension, SII, and LMR were similar
between all patients, relapsed or not.

Conclusion

Although found to be significant in other inflammatory diseases, we found that SII and LMR alone did not
indicate disease prognosis in sarcoidosis due to the small number of patients and the lack of homogeneity
between the groups in our study. The usefulness of these markers for clinical use should be investigated by
studies that include those with extrapulmonary sarcoidosis, and that calculate these markers at the time of
disease diagnosis and during the post-treatment period.

Categories: Pulmonology
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Introduction

Sarcoidosis is a multisystem inflammatory disease of unknown aetiology characterised by the presence of
noncaseating granulomas that can involve all organs, especially the lungs and mediastinal lymph nodes. It is
more common in women and young adults. The disease can be self-limiting; however, many patients
experience a chronic course despite treatment. After excluding other possible pathologies, a diagnosis is
made using clinical, radiological, and laboratory findings and the presence of non-caseating granulomatous
inflammation [1]. When deciding on treatments, the clinical and radiological findings of patients and their
spirometric values are evaluated together. However, this approach may be insufficient for predicting the
severity and prognosis of inflammation in the lung [2,3].

Neutrophil, lymphocyte, and monocyte counts, which are easily obtained from a peripheral blood count,
play an important role in determining inflammation. The systemic immune-inflammation index (SII)
obtained from these parameters has been found to be significant in terms of disease activity and prognosis,
especially in patients with COVID-19 infection, inflammatory and cardiovascular diseases, and
malignancies. The SII is thought to be a good index of local immune response and systemic inflammation [4-
6].
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The lymphocyte-to-monocyte ratio (LMR) is a relatively new inflammatory marker that may reflect systemic
inflammation. Obtained from a peripheral blood count, it is easy and cost-effective. It is used to evaluate the
degree of inflammation and for prognoses in autoimmune, cardiovascular, and pulmonary diseases and
malignancies [7].

In the literature, it is recommended to determine the severity of sarcoidosis and to manage the treatment by
estimating the clinical course by using 18F-fluoro-2-deoxy-D-glucose (18F-FDG) positron emission
tomography/computed tomography (PET/CT) [8,9].

To our knowledge, no studies in the literature have evaluated 18F-FDG PET/CT findings with systemic
inflammatory markers such as LMR and SII. Our study aimed to evaluate the relationship between LMR and
SII and 18F-FDG PET/CT findings as a maximum standard uptake value (SUV max), and systemic
inflammatory parameters, disease stage, and clinical findings.

Materials And Methods

Patient characteristics

The medical files from our hospital records of 102 patients over the age of 18 who were diagnosed with
pulmonary sarcoidosis and followed up in our clinic with endobronchial ultrasound were reviewed
retrospectively. Patients who had not had pulmonary function tests (PFT) and PET/CT examinations at
baseline, and who had comorbidities that could affect inflammatory markers such as autoimmune disease
and malignancy were excluded from the study. The study included 73 patients who met these criteria.
Participants were divided into groups with and without fibrosis, with and without relapse, male and female,
and according to the stage of the disease; Inflammatory markers were evaluated in terms of PET/CT uptake
values and spirometric findings. The study was approved by the Ethics Committee of the University of
Health Sciences, Ataturk Sanatorium Training and Research Hospital (Date: 2022, Decision No: 2012-KAEK-
15/2555).

Data collection

Data on patient demographics (age, gender), disease characteristics (duration of disease, radiographic stage,
treatments), pulmonary function tests (% predicted values for forced vital capacity (FVC), forced expiratory
volume at 1 second (FEV1), DLCO/VA (transfer coefficient)), blood biochemistry, and hemogram findings
were retrieved from hospital records. FDG uptake by lesions in the mediastinal and lung parenchym on
PET/CT images was recorded retrospectively from the hospital’s electronic information system. SII was
calculated as SII = (neutrophil x platelet)/lymphocyte. The data were evaluated and recorded by the same
researchers.

Statistical evaluation

The Statistical Package for the Social Sciences, Version 21.0, was used for the statistical analyses. The
categorical variables were presented as numbers and frequencies. Continuous variables were assessed using
the Kolmogorov-Smirnov test and histograms to determine if they had a normal or skewed distribution.
Normally distributed parameters were compared using the Student’s t-test, and other variables were
compared using the Mann-Whitney U test. Categorical variables were compared using chi-square or Fisher
exact tests, where appropriate. The strength of the relationship between the two variables was determined
using Spearman or Pearson correlation coefficients. A statistical difference was considered when p < 0.05.

Results

A total of 73 patients diagnosed with sarcoidosis were included in the study, of which 52 (71.2%) were
female, and the mean age of the patients was 48.9 + 14.1. We observed a 22% (n = 16) relapse rate in the
whole sample. Two (12.5%), 13 (81.3%), and 1 (6.2%) patients relapsed in sarcoidosis stage 1, stage 2, and
stage 4, respectively (p = 0.055). Relapse occurred with a similar frequency in both genders. Relapse occurred
frequently in patients treated with corticosteroids, but this failed to reach significance (p = 0.058). Relapse
and parenchym fibrosis were not associated with metabolic parameters such as LMR and SII. Serum ACE
levels were lower in the relapsed group than in the non-relapsed group: 38 (10-150) vs 57 (21-147); p =
0.015. As determined by the patients’ PET/CT, parenchyma SUV max, lymph node SUV max, lymph node
short axis dimension, SII, and LMR were similar between relapsed and non-relapse patients. The patient
characteristics of the relapse and non-relapse groups are shown in Table 1.
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Total (n=73) No relapse (n=57) Relapse (n=16) p

Gender

Female, n(%) 52 (71.2) 38 (66.7) 14 (87.5) 0.128

Male, n(%) 21 (28.8) 19 (33.3) 2 (12.5)
Age, n+SD 48.9+14.1 48.3+13.8 51.5+154 0.425
Age 2 65 years, n(%) 11 (15.1) 9(15.8) 2 (12.5) 0.745
Stages

Stage 1 20 (27.4) 18 (31.6) 2(12.5)

0.055

Stage 2 40 (54.8) 27 (47.3) 13 (81.3)

Stage 4 13 (17.8) 12 (21.1) 1(6.2)
Steroid use, n(%) 21(28) 13 (22.8) 8 (50) 0.058
Parenchym suvmax, median (min-max) 6.41 (1.37-25.34) 6.86 (1.44-25.34) 5.08 (1.37-17.97) 0.748
Lymph node suvmax, median (min-max) 142+6.8 143+6.4 141+84 0.902
lymph node short axis dimension, n + SD 21.2+6.5 21.9+6.2 18673 0.078
LMR, median (min-max) 2.66 (0.73-10.19) 2.67 (0.73-6.75) 3.25(1.29-10.19) 0.167
Sll, median (min-max) 787.63 (272.31-3010.66) 759.67 (315.52-2224.40) 827.29 (272.31-3010.66) 0.709
FEV1,n+SD 86.02 + 19.85 85.59 + 20.04 87.17 +20.13 0.818
FVC,n+SD 93.44 +18.32 93.74 + 18.56 92.66 + 18.46 0.865
FEV1/FVC, n £ SD 80.57 £ 7.21 79.19 £ 6.26 84.56 + 8.64 0.053
DLCO, n + SD 93.88 £ 17.16 92.05+16.13 100.80 + 21.14 0.321
DLCO/VA, n + SD 107.14 £ 18.35 107.18 £ 18.18 107 £21.95 0.176
ACE, median (min-max) 53 (10-150) 57 (21-147) 38 (10-150) 0.015

TABLE 1: Main characteristics of the participants

LMR: lymphocyte to monocyte ratio, SlI: systemic immune-inflammation index, FEV1: forced expiratory volume in 1 s, FVC: forced vital capacity, DLCO:
carbon monoxide diffusion capacity, ACE: Angiotensin-converting enzyme

When we divided the patients into 2 groups, namely fibrosis and non-fibrosis, we found that SII and LMR did
not differ significantly. The patient characteristics of the fibrosis and no-fibrosis groups are shown in Table
2. The male patients were prone to more lung fibrosis than the female patients: 7 (33.3%) vs 6 (11.5%); p =
0.042 (Table 3). Although not statistically significant, the SII value was found to be lower in stage 1 patients
than in stage 2 and 4 patients (Table 4). We found no correlation between LMR, SII, parenchyma SUV max,
lymph node SUV max, and measured respiratory function (Table 5).
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Total (n=73) No fibrosis (n=60) Fibrosis (n=13) p
Gender
Female, n(%) 52 (71.2) 46 (76.7) 6 (46.2) 0.042
Male, n(%) 21 (28.8) 14 (23.3) 7 (53.8)
Age, n+SD 48.9 £ 14.1 48.8 £ 14.3 49.5+13.7 0.878
Age 2 65 years, n + SD 11 (15.1) 8(13.3) 3(23.1) 0.401
Steroid use, n(%) 21 (28) 16 (26.7) 5(38.5) 0.501
Parenchym suvmax, median (min-max) 6.41 (1.37-25.34) 6.24 (1.37-25.34) 6.86 (1.89-17.58) 0.558
Lymph node suvmax, median (min-max) 142+6.8 149+6.6 127 0.076
lymph node short axis dimension, n + SD 21.2+65 21560 19.3+8.7 0.281
LMR, median (min-max) 2.66 (0.73-10.19) 2.7 (0.73-10.19) 2.55 (1-4.20) 0.371
SlI, median (min-max) 787.63 (272.31-3010.66) 773.65 (272.31-3010.66) 809.67 (359.33-1596) 0.458
TABLE 2: Main characteristics of the participants
LMR: lymphocyte to monocyte ratio, SlI: systemic immune-inflammation index
Total (n=73) Male (n=21) Female (n=52) p

Age, n+SD 48.9 £ 14.1 399124 52.6+13.2 <0.001
Age 2 65 years, n(%) 11 (15.1) 1(4.8) 10 (19.2) 0.160
Fibrosis, n(%) 13 (17.8) 7(33.3) 6 (11.5) 0.042
Stages

Stage 1 20 (27.4) 3(14.3) 17 (32.7)

0.053

Stage 2 40 (54.8) 11 (52.4) 29 (55.8)

Stage 4 13 (17.8) 7(33.3) 6 (11.5)
Steroid use, n(%) 21 (28) 6 (28.6) 15 (28.8) 0.981
Parenchym suvmax, median (min-max) 6.41 (1.37-25.34) 6.52 (1.55-17.58) 6.30 (1.37-25.34) 0.951
Lymph node suvmax, median (min-max) 142+6.8 128+6.4 14.8+6.9 0.276
lymph node short axis dimension, n + SD 21.2+6.5 223+7.3 20.6+6.1 0.315
LMR, median (min-max) 2.66 (0.73-10.19) 2.33(0.75-6.75) 2.89 (0.73-10.19) 0.058
SlI, median (min-max) 787.63 (272.31-3010.66) 787.63 (298.24-2224.40) 796.39 (272.31-3010.66) 0.908

TABLE 3: Main characteristics of the participants

LMR: lymphocyte to monocyte ratio, SlI: systemic immune-inflammation index
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Stage 1 (n=20) Stage 2 (n=40) Stage 4 (n=13) p
Parenchym suvmax, median (min-max) 9(9-9) 6.24 (1.37-25.34) 6.86 (1.89-17.58) 0.621
Lymph node suvmax, median (min-max) 15.17 (6.06-28.62) 12.84 (4.33-35.22) 8.69 (2.87-26.54) 0.730
lymph node short axis dimension, n + SD 22.35+57 21.15+6.1 19.38+8.7 0.077
LMR, median (min-max) 2.60 (0.73-5.80) 2.71 (1-10.19) 2.55 (1-4.20) 0.555
SlI, , median (min-max) 678.84 (315.52-1456.57) 819.51 (272.31-3010.66) 809.67 (359.33-1596) 0.325

TABLE 4: Main characteristics of the participants

LMR: lymphocyte to monocyte ratio, SlI: systemic immune-inflammation index

LMR sii
Correlation coefficients -0.006 0.136
Lymph node suvmax

p-value 0.960 0.251

Correlation coefficients -0.048 0.035
Parenchym suvmax

p-value 0.739 0.808

Correlation coefficients -0.097 0.116

FEV1

p-value 0.531 0.452

Correlation coefficients 0.060 -0.020
FvC

p-value 0.703 0.899

Correlation coefficients 0.049 0.036
FEV1/FVC

p-value 0.779 0.837

Correlation coefficients 0.103 0.110
DLCO

p-value 0.631 0.609

Correlation coefficients 0.269 -0.149
DLCO/VA

p-value 0.238 0.518

TABLE 5: Correlation analysis

LMR: lymphocyte to monocyte ratio, SlI: systemic immune-inflammation index, FEV1: forced expiratory volume in 1 s, FVC: forced vital capacity, DLCO:
carbon monoxide diffusion capacity

Discussion

We investigated whether inflammatory markers, such as SII and LMR, which are reported to reflect systemic
inflammation in many chronic inflammatory diseases, can determine the severity and disease activation of
patients with pulmonary sarcoidosis. We found no difference between patients with pulmonary sarcoidosis
divided into groups according to their stage, relapse or non-relapse, and the presence of fibrosis in terms of
these markers. PET/CT imaging was not found to be associated with SUV max values. A significant negative
correlation was observed between ACE and relapse. Parenchymal fibrosis was higher in men.

SII, a parameter that combines three types of inflammatory cells (lymphocytes, neutrophils, and platelets),

is an improved marker for systemic inflammatory response. A high SII value has been found to be associated
with disease severity and poor prognosis in many diseases and malignancies, indicating a strong
inflammatory response and a weak immune response in patients [10,11]. First described by Hu et al. (2014), it
was defined as a useful index for the prognosis of patients with hepatocellular carcinoma [12]. In one study,
it was found that the SII in patients with ankylosing spondylitis was higher than in both healthy controls
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and other patients in the remission stage, and it showed a positive correlation with disease activity [13]. In
another study, SII was presented as a new biomarker for demonstrating the disease activity of rheumatoid
arthritis, as well as predicting rheumatoid arthritis-related interstitial lung disease [14]. However, we found
no studies evaluating SII in sarcoidosis in the literature. In our study, no correlation was found between
recurrence and SII, and the degree of radiological involvement. However, all the patients were stable at the
time of diagnosis; therefore, we suggest that it would be more significant if the SII value could be found in
the medical records and compared in those who had recurrence during the follow-up and started treatment
and when this treatment was started.

The literature indicates that LMR is an independent factor that affects disease activity in rheumatoid
arthritis [7]. A study showed a relationship between LMR and lung function and blood gas analysis in
patients with pneumoconiosis and indicated that it can be a sensitive indicator in the evaluation of
pneumoconiosis [15].

High ACE levels have been reported in 56%-61% of sarcoidosis patients. Used in disease activity assessment
and treatment planning, it has been shown to be unrelated to disease severity, progression, and treatment
response [16-18]. In another study, significant correlations were found between high ACE levels and relapse
and clinical course [19]. In our study, it was found to be higher in non-relapse cases.

Chest radiography is the first imaging method to be used in the evaluation of pulmonary sarcoidosis, but
radiological scoring is insufficient to determine inflammatory activity. While CT allows for a detailed
anatomical examination, it cannot show the activity of inflammatory disease. Therefore, in recent years, the
usefulness of PET/CT in the staging of sarcoidosis, activity determination, and the evaluation of response to
treatment has been studied. Inflammatory cells, especially neutrophils and macrophages, are activated by
cytokines released by inflammation. In these activated cells, the expression of glucose transporters
increases, and there is an increase in the entry of 18F-FDG into the cells [9,20]. When determining new
inflammatory exacerbations developing in chronic sarcoidosis, serological examinations are negative;
therefore, FDG PET/CT can be used to evaluate inflammation in symptomatic patients and in stage 4
sarcoidosis patients with parenchymal fibrosis. PET/CT is mainly used in the diagnosis and follow-up of
malignant lesions; an SUVmax value of less than 2.5 suggests a benign lesion. Many studies have shown
increased FDG uptake in sarcoidosis. [21-23]. However, 18F-FDG uptake in sarcoidosis is nonspecific and is a
false-positive condition. In our study, mediastinal lymphadenopathy SUVmax (14.2 + 6.8) and lesion SUVmax
in the lung (6.41 (1.37-25.34) were found to be high. PET/CT can be a guide when determining the extent of
intrathoracic disease, detecting the presence of active disease, detecting extrathoracic sarcoidosis
involvement areas, and evaluating responses to treatment in patients with a sarcoidosis diagnosis. However,
in our study, it was not found to be associated with disease relapse, disease stage, or inflammatory markers.

The weakness of our study may be that it was retrospective, the data was obtained from file records and it
only included patients with pulmonary sarcoidosis.

Conclusions

Although SII has been found to be significant in other inflammatory diseases, we found that SIT and LMR
alone did not indicate disease prognosis in sarcoidosis. This was due to the small number of patients and the
lack of homogeneity between the groups in our study. Therefore, their use as stand-alone markers does not
seem appropriate. Future studies should investigate the usefulness of these markers for clinical use by
including patients with extrapulmonary sarcoidosis. This should be carried out by calculating these markers
at the time of disease diagnosis and in the post-treatment period.
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