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Irisin and Insulin Interplay in Thyroid Disorders: 
A Pilot Study
Amisha Malhotra, Gayathri M Rao, Aradhana Marathe, Sowmya Ananda Jothi, Vinod Chandran

Department of Biochemistry, Kasturba Medical College Mangalore, Manipal Academy of Higher Education, Manipal, India 

ABSTRACT
Background: This research was performed to evaluate Irisin and Insulin concentrations in Thyroid patients.
Material and methods: This investigation was performed as a cross-sectional study within the Biochemistry 
Department at KMC, Mangalore, and the Central Lab at KMCH-AT, Mangalore. Participants were classified into 
two cohorts: those having regular thyroid function as well as those having thyroid disorder, including both hypo-
thyroid and hyperthyroid patients, with 28 individuals (n = 28) in each category based on thyroid stimulating 
hormone (TSH) levels obtained during thyroid dysfunction screenings. Socio-demographic variables like height, 
weight, and body mass index were calculated, along with the assessment of hypertensive or hypotensive condi-
tions. Insulin levels were quantified using an automated analyzer system. Statistical analyses were performed 
utilizing Easy-R (EZR) version 1.55, developed by Jichi Medical University in Saitama, Japan. The normal distribu-
tion of the parameters was evaluated through normality tests, with t-tests and Kruskal-Wallis tests applied as 
appropriate.
Results: Irisin levels significantly declined in hypothyroid individuals while showing an insignificant rise in hyper-
thyroidism. Insulin levels significantly increased in hyperthyroid patients compared to normal and hypothyroid 
groups. A positive correlation between insulin and irisin was found in hypothyroidism, while a negative correla-
tion was observed in hyperthyroidism.
Conclusion: Preliminary findings of this study indicate a potential interdependence between Irisin and thyroid 
levels. Investigating the interaction between the thyroid profile and irisin can pave the way for considering irisin 
as a biomarker for novel treatment strategies in thyroid disorders and metabolic conditions. 
Keywords: Adipose tissue, Irisin, Metabolic changes, Thyroid disorders

functions, can impact various metabolic processes. The 
uncoupling protein 1 (UCP1), also called thermogenin, is 
responsible for distinguishing cellular respiration from heat 
production and is found in the mitochondrial membranes of 
brown adipose tissue. Beige or brown fat cells produce ther-
mogenic cells, which can help prevent obesity (1).

Thyroid hormones appear to function as natural thermo-
genins by disrupting the process of mitochondrial ATP syn-
thesis, thereby generating heat instead of producing ATP. 
These hormones significantly influence lipid profiles and 
insulin sensitivity, with one potential outcome being obesity 
(2,3). The incidence of hyperthyroidism is notably higher in 
Asian populations compared to European populations. Both 
hyperthyroidism and hypothyroidism are common medical 
conditions, with spontaneous hypothyroidism occurring in 
approximately 1% to 2% of the population. Individuals exhib-
iting clinically or subclinically impaired thyroid function are 
at an increased risk for cardiovascular issues, complications 
associated with abnormal lipid metabolism, and disorders of 
the musculoskeletal system (4).

Introduction
Sedentary behavior is related to a greater likelihood of 

various health disorders like obesity, diabetes, cardiac disor-
der, certain cancers, as well as neurological disorders. Irisin, 
a hormone produced during exercise, is derived from the 
proteolysis of FNDC5, a cell membrane protein, and plays a 
crucial role in connecting muscles with other tissues. Recent 
research has highlighted the numerous beneficial effects of 
irisin, including the browning of adipocytes, modulation of 
metabolic processes, and regulation of bone metabolism. 
White adipocytes, which are associated with endocrine 
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Brown adipocytes and skeletal muscle cells, which are 
derived from myf5-expression, are under the regulation of 
transcriptional regulators such as PRDM16, PGC1a, and oth-
ers. A recent animal model study demonstrated that chronic 
rosiglitazone, a PPARγ agonist, activation of mouse preadi-
pocytes from epididymal white adipose tissue revealed that 
UCP1-expressing adipocytes have the ability for thermogen-
esis but lack the expression of BAT transcription factors like 
ZIC1 and PRDM16. These cells are known as “brute” (brown-
in-white) adipocytes. The transition from PGC1 overexpres-
sion in mouse skeletal muscle, as well as exercise-induced 
expression of the FNDC5 gene, has been previously over-
looked despite the initial reports of the mouse sequence 
of FNDC5 in 2002 by two distinct groups. FNDC5 is highly 
expressed in adult murine tissues but to a lesser extent in 
skeletal muscle. The protein FNDC5 is a precursor peptide, 
which, upon proteolytic cleavage, gives rise to irisin. Previous 
studies have shown that the FNDC5 gene is also associated 
with the development of myoblasts and neurons (5).

Recent research has shown that irisin has the capacity 
to impact the functionality of pancreatic islets. More spe-
cifically, irisin has been proven to boost insulin production as 
well as hasten glucose-stimulated insulin release in pancre-
atic cells by means of a process that relies on protein kinase 
A (PKA). In situations marked by elevated levels of glucose or 
fat, irisin has displayed the capability to enlarge cell size while 
decreasing cell death within pancreatic islets. Additionally, 
it promotes cell growth, enhances insulin production and 
secretion, and has the ability to affect insulin signaling. For 
example, in mouse C2C12 myoblasts, the overexpression of 
irisin led to heightened glucose absorption, glycogen synthe-
sis, and activation of AMPK/insulin receptor subunit/ERK1/2 
following insulin administration. Another recent investigation 
demonstrated that irisin counteracts the inhibition of insu-
lin signaling caused by palmitic acid in rat cardiomyocytes, 
underscoring its potential to amplify insulin-triggered glu-
cose absorption through activation (6).

Material and methods
Inclusion criteria

Age group 18-35 years, both male and female, non- 
alcoholic, non-smoking individuals. Newly diagnosed thyroid 
disorder patients were included in the study.

Exclusion criteria

Known diabetics, known malignancies, patients with can-
cer therapy, women with pregnancy, lactation, menopause or 
on oral contraceptives were excluded.

This investigation was performed as a cross-sectional 
study within the patients who were referred for thyroid stim-
ulating hormone (TSH) investigations to the Biochemistry 
laboratory section at the Central Lab at KMCH-AT, Mangaluru. 
Participants were classified into two groups based on their 
TSH levels: those with normal thyroid function and those 
with thyroid disorders, both hypothyroid and hyperthyroid 
patients, constituting 28 individuals (n = 28) in each group. 

Socio-demographic variables like height and weight were 
recorded, and Body Mass Index was calculated, along with the 

assessment of hypertensive or hypotensive conditions using 
medical records. Insulin levels were quantified using ELISA kits 
obtained from DRG diagnostics. Irisin levels were measured 
using ELISA kits procured from Origin Labs. (The detection range 
was 15.63-1000 pg/ml, and sensitivity was 6.9 pg/ml) TSH levels 
were analyzed by ECLIA using Roche-COBAS Pro Immunomodule 
autoanalyzer at KMC hospital Attavar. Statistical analysis was 
performed using EZR (Easy-R) version 1.55, developed by Jichi 
Medical University in Saitama, Japan. The normal distribution 
of the parameters was evaluated through normality tests, with 
t-tests and Kruskal-Wallis tests applied as appropriate.

Results

TABLE 1 - Descriptive statistics of study groups with parameters 
expressed as Mean ± SD for normal data and median with (Q1, Q3) 
for skewed data

Parameters Normal Hypothyroid Hyperthyroid
Age 25.89 ± 6.2 26.8 ± 5.09 28.5 ± 4.71
Weight 66.0 ± 13.4 73.0 ± 14.01 62.3 ± 11.33
BMI 23.9 ± 5.17 27.2 ± 4.68 22.6 ± 4.11
Irisin 1.01 (0.44, 1.26) 1.57 (1.27, 1.86) 0.98 (0.5, 1.22)
TSH 2.23 (1.51, 3.08) 6.94 (5.41, 14.4) 0.24 (0.03, 0.40)
Insulin 29.39 

 (15.35, 67.57)
9.54 (3.72, 33.03) 32.79  

(14.43, 87.06)

TABLE 2 - Inter-group comparisons showing p-values (only) 

Statistical 
Analysis

Hyperthyroid 
vs Hypothy-

roid

Normal vs 
Hyperthy-

roids

Normal vs 
Hypothy-

roids

Hyper-Hypo- 
Normal

TSH <0.001 <0.001 <0.001 <0.001
Insulin 0.0287 0.954 0.0047 <0.001
Irisin <0.001 1 <0.001 <0.001
BMI <0.001 0.307 0.0156 0.00138

The above table shows the level of significance obtained between the three 
groups (p < 0.01). Parametric Independent sample t-test and non-parametric 
Mann-Whitney U test were done to analyze the data between the two 
groups. 
One-way ANOVA and Kruskal-Wallis were done to find the significant change 
between all three groups.

FIGURE 1 - Median values for insulin levels. * denotes p < 0.005 in 
comparison with the normal group. # denotes p < 0.005 in compa-
rison with the hyperthyroid group.
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FIGURE 2 - Median values for Irisin levels. * denotes p < 0.005 in 
comparison with the normal group. # denotes p < 0.005 in compa-
rison with the hyperthyroid group.

There had been a marked decline in irisin concentrations 
in individuals with hypothyroidism, while there was a statisti-
cally insignificant rise in irisin concentrations in those hav-
ing hyperthyroidism. The difference in irisin levels among the 
three groups was deemed significant. On the other hand, 
the insulin levels exhibited a highly significant increase in the 
hyperthyroid group when compared to both the normal and 
hypothyroid groups. Additionally, there had been a positive 
association between insulin as well as irisin concentrations in 
individuals with hypothyroidism, whereas a negative correla-
tion was noted in those with hyperthyroidism.

Discussion
Thyroid disorders represent chronic endocrine conditions 

that impact individuals globally. These disorders typically 
necessitate lifelong management and are linked to greater 
fatality rates as well as morbidity, especially among older 
populations. Balance in the circulating thyroid hormones is 
disturbed, leading to alterations in metabolic parameters and 
subsequent metabolic dysfunction. The irisin molecule has 
emerged as a potential agent for the prevention, monitoring, 
and management of significant metabolic disorders, includ-
ing polycystic ovarian syndrome (PCOS), obesity, diabetes, 
chronic renal disorder, ischemic heart disease, as well as high 
blood pressure (6). 

Despite the prevalence of thyroid diseases, the param-
eters utilized for monitoring treatment remain insufficient. 
In 2012, researchers identified irisin as a promising myo-
kine released from its precursor protein FNDC5 in response 
to physical activity, which facilitates the transformation of 
white adipose tissue (WAT) into brown adipose tissue (BAT). 
A variety of studies have highlighted the role of irisin in physi-
ological adaptations, particularly concerning exercise. For 
example, research conducted on murine models examined 
the role of irisin in promoting the browning of WAT as a result 
of exercise (7). There is limited or no proof that physical activ-
ity has an impact on WAT browning in humans. This investiga-
tion examines the connection between “irisin,” insulin, and 
TSH in hypothyroid and hyperthyroid individuals (8,9).

Irisin has the potential to impact the functioning of the 
thyroid gland. The communication of thyroid hormones 
occurs through both central and peripheral pathways, 

affecting energy expenditure. The central pathway involves 
the hypothalamus, which secretes “thyrotropin-releasing 
hormone (TRH)” in response to various stimuli like low lev-
els of thyroid hormones or exposure to cold temperatures. 
Once released into the bloodstream, T4 is transformed into 
the more active form, T3, in peripheral tissues like the liver, 
kidneys, and skeletal muscles. T3 then adheres to particular 
receptors in target tissues, including adipose tissue, muscle, 
and the central nervous system, activating genes related to 
metabolism and leading to increased energy consumption. 
Irisin influences metabolism by promoting the browning 
of subcutaneous white adipocytes, resulting in increased 
expression of UCP1 and subsequent enhancements in oxygen 
consumption and thermogenesis (9).

It is highly likely that fluctuations in irisin levels are influ-
enced by metabolic status due to the intricate interplay 
between irisin and thyroid hormones. Undoubtedly, further 
investigation into the physiology of irisin and its regulatory 
mechanisms will be imperative in the foreseeable future. 
Recent studies have indicated a correlation between thyroid 
function and irisin levels. Specifically, thyroid hormones, par-
ticularly T3, have been demonstrated to impact the produc-
tion and release of irisin in skeletal muscle tissue. Animal 
research has shown that hypothyroidism is linked to reduced 
irisin expression, while hyperthyroidism is associated with 
elevated irisin levels. These results align with our own study, 
raising intriguing questions about the complex relationship 
between the thyroid gland and the irisin hormone (10). 

Insulin and thyroid disorders have been connected, with 
interactions between the two systems influencing metabolic 
equilibrium. Thyroid hormones, such as thyroxine (T4) and 
triiodothyronine (T3), play a crucial role in energy metabo-
lism and glucose utilization. These hormones affect insulin 
sensitivity and glucose metabolism in various organs, includ-
ing the liver, muscle, and adipose tissue. Thyroid dysfunction, 
such as hypothyroidism (reduced thyroid activity) or hyper-
thyroidism (excessive thyroid activity), can disrupt insulin sig-
naling and glucose metabolism (11).  

Conclusion
In our study, we saw an inverse relationship between TSH 

levels and irisin. In hypothyroid subjects, irisin levels have sig-
nificantly decreased, and in hyperthyroid subjects, there is a 
rise, though insignificant. Evaluation of T3, T4, intermediates 
and enzymes of the thyroid metabolic pathway would pro-
vide more insights into the role of Irisin in the regulation of 
thyroid profile parameters. 

Limitations: Among thyroid profiles, Only TSH was estimated, 
Detailed thyroid function was not considered, and subjects 
were selected randomly and not classified based on gender. 
Correlation with lifestyle parameters and other demographic 
parameters were not evaluated. 
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ABSTRACT
Background: Rheumatoid arthritis (RA) is the most common inflammatory rheumatic disease, and it significantly 
increases the risk of cardiovascular disease and death. The evaluation of cardiovascular risk (CVR) is crucial in 
these patients, but it may be underestimated using the current criteria, as they do not include nontraditional 
CVR factors. Soluble ST-2, which is the circulating form of the IL-33 receptor, has been identified as a biomarker 
for cardiovascular and rheumatic diseases. In this study, we examined the role of sST-2 in assessing CVR in RA.
Methods: Monocentric, retrospective, observational trial. Inclusion of RA patients on variable DMARD therapy. 
Analysis of RA disease using established scores (DAS 28, VAS, HFQ), clinical findings (number of swollen and pain-
ful joints), and laboratory investigation. Documentation of numerous CVR variables. Quantification of soluble 
sST-2 by ELISA.
Results: In total, 129 individuals were included. Soluble sST-2 did neither correlate nor was associated with any 
variable of RA disease activity. In contrast, significant associations were identified between sST-2 and a number 
of established CVR markers.
Conclusions: The data indicates a novel role for sST-2 in CVR prediction in RA.
Keywords: RA, sST-2, Cardiovascular risk, Prediction

Introduction
Rheumatoid arthritis (RA) is the most common entity 

within inflammatory rheumatic diseases, with a prevalence 
of approximately 1% in Central Europe and the United States 
(1,2). It is characterized by chronic synovial inflammation of 
autoimmune origin, leading to recurrent joint inflammation 
with a typical pattern of involvement. If left untreated, RA 
typically causes irreversible joint and bone damage, poten-
tially resulting in disability for those affected.

In addition to its detrimental effects on joints, tendons, 
and bones, RA has also been identified as substantial risk fac-
tor for cardiovascular morbidity and mortality (3). The risk 
increases significantly due to the proatherogenic effects of 
systemic inflammation (4), as well as the hemodynamic and 

metabolic effects of medications used to control disease 
activity and progression (5). The influence of drug therapy 
should not be underestimated. NSAIDs and glucocorticoids 
have potentially strong proatherogenic effects (6,7). The 
observation of an increased risk of atherosclerosis in sys-
temic inflammatory conditions was not only made in the case 
of RA; rather, it is likely to be an almost unspecific phenom-
enon of chronic inflammatory conditions of autoimmune 
origin. The development of an EULAR guideline addressing 
cardiovascular risk (CVR) management in not only RA but also 
other inflammatory joint disorders is not without rationale 
(8). Finally, traditional CVR factors accumulate in RA in the 
same way as in individuals without RA. In general, assess-
ing CVR requires considering various variables, including 
the severity of arterial hypertension, glucose metabolism, 
end-organ damage, and cardiovascular sequelae. The ”2018  
ESC/ESH Guidelines for the management of arterial hyper-
tension“ (9), for example, provides a summary of relevant 
recommendations. However, these and other strategies used 
for evaluating CVR may not effectively identify the risk in 
patients with RA or other immune-mediated inflammatory 
disorders. The incorporation of CVR biomarkers has been 
suggested as a promising strategy in this regard (10–12).
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The cytokine Interleukin-33 (IL-33) belongs to the 
Interleukin-1 family (13). In RA and other autoimmune dis-
eases, it is believed to play a crucial role in facilitating interac-
tions between macrophages, mast cells, and other cell types 
(14). Its receptor, ST-2 has been identified on cell membranes 
and in the extracellular fluid, the latter being defined as sol-
uble ST-2 (sST-2) (15). The circulating IL-33 receptor isoform 
has been evaluated as a biomarker in rheumatic (16,17) and 
cardiovascular diseases (18–20). In a 2022 published study by 
Erfurt and colleagues (21), sST-2 was identified as a predictor 
of in-hospital survival in patients with acute kidney injury.

The aim of this study was to analyze the role of soluble 
ST-2 (sST-2) in assessing CVR and disease activity in patients 
with RA.

Methods
Design

Monocentric, retrospective, observational trial. The study  
was formally approved by the ethics committee of the 
Brandenburg Medical School (E-01-20200316). All partici-
pants provided written consent by signing a consent form.

Patients

All patients were recruited from the rheumatology outpa-
tient clinic of the Health Center of the Brandenburg University 
Hospital (Brandenburg Medical School). Inclusion criteria 
were: diagnosis of RA according to the ’ACR/EULAR 2010 
rheumatoid arthritis classification criteria’ (22). Additional 
inclusion criteria were as follows: individuals aged between 
18 and 90 years, of any gender, with newly initiated or estab-
lished disease receiving treatment with one or more conven-
tional or biologic disease-modifying anti-rheumatic drugs, 
and variable daily prednisolone doses adjusted based on 
disease activity. Exclusion criteria consisted of uncontrolled 
psychiatric disorders, presence of additional autoimmune-
mediated diseases, uncontrolled infectious diseases such 
as HIV, hepatitis B or C, and tuberculosis, uncontrolled drug 
or alcohol addiction, and pregnancy. The following patient 
characteristics were collected: nationality, height, weight, 
concurrent diseases, medications, smoking status, and family 
history of rheumatoid arthritis. Disease activity was assessed 
using the DAS28-CRP score. Remission, low, moderate, and 
high disease activity were defined by scores of <2.6, 2.6 to 
3.2, 3.2 to 5.1, and >5.1, respectively. Additional tools for 
measuring disease activity included the visual analog scale 
(VAS), which ranges from 0 (no pain) to 10 (maximum pain 
imaginable), as well as the assessment of swollen and pain-
ful joints, and the Hannover Functional Questionnaire (HFQ) 
(23). The following therapy-related data were collected: cur-
rent DMARD therapy (active substance and dosage), NSAID 
intake (active substance, dosage, and frequency of intake), 
and daily prednisolone dosage in mg. The assessment of CVR 
was conducted by capturing the following morbidities and 
laboratory parameters: arterial hypertension, diabetes mel-
litus including HbA1C (%), past and current smoking, total 
cholesterol (mmol/l), LDL (mmol/l), HDL (mmol/l), and Lp(a) 
(nmol/l). Various additional laboratory parameters were mea-
sured, including rheumatoid factor (RF) and anti-citrullinated 

protein antibodies (ACPA) titers, CRP levels (mg/l), complete 
blood count, serum creatinine (micromol/l), sodium, potas-
sium, AST (U/l), ALT (U/l), (U/l), and proteinuria (defined as 
Urine Proteine Creatinine-Ratio – UPCR – of >0.3 g/g in Spot 
Urine).

Quantification of serum soluble Interleukin-33 receptor

Quantification of serum soluble Interleukin-33 receptor 
(sST-2) was performed using an ELISA method as described in 
detail by Erfurt and colleagues (21). The commercially avail-
able kit used was the Human ST2/IL-33R Quantikine ELISA Kit 
(DST 200, R&D).

Statistics

Initially, categorical data were analyzed by the Chi-Squared 
test. Non-categorical data were assessed for normality using 
the Kolmogorov-Smirnov test. Normally distributed data 
were compared using the t-test for two groups or the Mann-
Whitney test for more than two groups. Non-normally dis-
tributed data were compared using ANOVA for two groups or 
the Kruskal-Wallis test for more than two groups. Correlation 
analyses were conducted using the Pearson correlation coef-
ficient. Statistical significance was defined as a p-value below 
0.05. Results were reported as percentages or as median with 
interquartile range (IQR), or as mean with standard error of 
the mean (SEM). All statistical analyses were conducted using 
the WIZARD application for the MacOS (version 2.0.14, devel-
oped by Evan Miller).

Results
Patients

A total of 129 patients were included in the study, with 
87 (67.4%) being females and 42 (32.6%) being males. The 
average age of all individuals was 62.3 ± 12 years. The aver-
age height was 1.67 ± 0.09 meters, and the mean weight was 
81.4 ± 17.2 kilograms. Rheumatoid factor (RF) and/or ACPA 
were detected in 73.6% of the patients. The mean DAS 28 at 
inclusion was 3.6 ± 1.5. The following disease-modifying anti-
rheumatic drugs (DMARDs) were used: methotrexate (MTX) 
alone in 27.1% of cases, MTX in combination with either 
leflunomide, sulfasalazine, or biologics in 27.1% of cases, a 
MTX-free regimen in 16.3% of cases, and no DMARD at all 
in 29.5% of cases. In 26.4% of cases, patients were included 
before initiating any DMARD therapy. Table 1 summarizes all 
baseline characteristics, including morbidities, medication, 
and the results of CVR assessment.

sST-2 and RA disease activity and management

The serum levels of sST-2 did not show a significant cor-
relation with the DAS 28 (p = 0.63). Additionally, there was 
no significant correlation observed between sST-2 levels and 
the HFQ (p = 0.19). The ratings on the visual analog scale 
were assigned to one of six categories (VAS 0≤ and <1, 1≤ 
and <3, 3≤ and <4, 4≤ and <5, 5≤ and <7, 7≤ and <10). Similar 
sST-2 concentrations were found in all categories (p = 0.067). 
Also, there were no correlations between sST-2 and the num-
bers of swollen or painful small or large joints, respectively  
(p-values: swollen small – 0.31, painful small – 0.66, swollen 

TABLE 1 - Baseline characteristics of all included patients (abbrevia-
tions: SD – standard deviation; m – metres; kg – kilograms; DMARD 
– Disease Modifying Anti-Rheumatic Drugs; VAS – Visual Analogue 
Scale; HFQ – Hannover Functional Questionnaire; NSAID – Non-
Steroidal Anti-Inflammatory Drugs) 

Variable Result
gender females 87, males 42
age (years ± SD) 62.3 ± 12
height (mean m ± SD) 1.76 ± 0.09
weight (mean kg ± SD) 81.4 ± 17.2
DAS 28 (mean ± SD) 3.6 ± 1.5
VAS (mean ± SD) 4.1 ± 2.5
HFQ (mean % ± SD) 73.6 ± 23.2
DMARD therapy (substance in n)
 no DMARD
 early disease, untreated
 MTX alone
 MTX + other
 other

4
34
35
21

seropositivity (%) 73.6
C-reactive protein (mean mg/l ± SD) 5.7 ± 9.7
Erythrocyte Sedimentation Rate (ESR) in 
hour 1 (mean mm ± SD) 20.5 ± 15.5

serum creatinine (mean micromol/l ± 
SD)

72.4 ±1 6.5

total cholesterol (mean mmol/l ± SD) 5.4 ± 1.1
LDL (mean mmol/l ± SD) 3.1 ± 0.9
HbA1C (mean % ± SD) 5.7 ± 0.7
NT-proBNP (mean pg/mL ± SD) 188.7 ± 410
proteinuria (n) 57
regular NSAID intake (n) 33
arterial hypertension (%) 65.9
diabetes mellitus (%) 15.5
coronary artery disease (CAD) (%) 9.3
family history of CAD (%) 26.4
smoking (%) 32
stress (%) 34.9
regular exercise (%) 41.1
regular alcohol consumption (%) 40.5
pulmonary disease (%) 12.4
osteoporosis (%) 16.3
history of neoplasia (%) 6.2
ESR (mean mm in hour 1 ± SD) 19.3 ± 15.9
Framingham score (mean ± SD) 9.4 ± 8.1
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protein antibodies (ACPA) titers, CRP levels (mg/l), complete 
blood count, serum creatinine (micromol/l), sodium, potas-
sium, AST (U/l), ALT (U/l), (U/l), and proteinuria (defined as 
Urine Proteine Creatinine-Ratio – UPCR – of >0.3 g/g in Spot 
Urine).

Quantification of serum soluble Interleukin-33 receptor

Quantification of serum soluble Interleukin-33 receptor 
(sST-2) was performed using an ELISA method as described in 
detail by Erfurt and colleagues (21). The commercially avail-
able kit used was the Human ST2/IL-33R Quantikine ELISA Kit 
(DST 200, R&D).

Statistics

Initially, categorical data were analyzed by the Chi-Squared 
test. Non-categorical data were assessed for normality using 
the Kolmogorov-Smirnov test. Normally distributed data 
were compared using the t-test for two groups or the Mann-
Whitney test for more than two groups. Non-normally dis-
tributed data were compared using ANOVA for two groups or 
the Kruskal-Wallis test for more than two groups. Correlation 
analyses were conducted using the Pearson correlation coef-
ficient. Statistical significance was defined as a p-value below 
0.05. Results were reported as percentages or as median with 
interquartile range (IQR), or as mean with standard error of 
the mean (SEM). All statistical analyses were conducted using 
the WIZARD application for the MacOS (version 2.0.14, devel-
oped by Evan Miller).

Results
Patients

A total of 129 patients were included in the study, with 
87 (67.4%) being females and 42 (32.6%) being males. The 
average age of all individuals was 62.3 ± 12 years. The aver-
age height was 1.67 ± 0.09 meters, and the mean weight was 
81.4 ± 17.2 kilograms. Rheumatoid factor (RF) and/or ACPA 
were detected in 73.6% of the patients. The mean DAS 28 at 
inclusion was 3.6 ± 1.5. The following disease-modifying anti-
rheumatic drugs (DMARDs) were used: methotrexate (MTX) 
alone in 27.1% of cases, MTX in combination with either 
leflunomide, sulfasalazine, or biologics in 27.1% of cases, a 
MTX-free regimen in 16.3% of cases, and no DMARD at all 
in 29.5% of cases. In 26.4% of cases, patients were included 
before initiating any DMARD therapy. Table 1 summarizes all 
baseline characteristics, including morbidities, medication, 
and the results of CVR assessment.

sST-2 and RA disease activity and management

The serum levels of sST-2 did not show a significant cor-
relation with the DAS 28 (p = 0.63). Additionally, there was 
no significant correlation observed between sST-2 levels and 
the HFQ (p = 0.19). The ratings on the visual analog scale 
were assigned to one of six categories (VAS 0≤ and <1, 1≤ 
and <3, 3≤ and <4, 4≤ and <5, 5≤ and <7, 7≤ and <10). Similar 
sST-2 concentrations were found in all categories (p = 0.067). 
Also, there were no correlations between sST-2 and the num-
bers of swollen or painful small or large joints, respectively  
(p-values: swollen small – 0.31, painful small – 0.66, swollen 

TABLE 1 - Baseline characteristics of all included patients (abbrevia-
tions: SD – standard deviation; m – metres; kg – kilograms; DMARD 
– Disease Modifying Anti-Rheumatic Drugs; VAS – Visual Analogue 
Scale; HFQ – Hannover Functional Questionnaire; NSAID – Non-
Steroidal Anti-Inflammatory Drugs) 

Variable Result
gender females 87, males 42
age (years ± SD) 62.3 ± 12
height (mean m ± SD) 1.76 ± 0.09
weight (mean kg ± SD) 81.4 ± 17.2
DAS 28 (mean ± SD) 3.6 ± 1.5
VAS (mean ± SD) 4.1 ± 2.5
HFQ (mean % ± SD) 73.6 ± 23.2
DMARD therapy (substance in n)
 no DMARD
 early disease, untreated
 MTX alone
 MTX + other
 other

4
34
35
21

seropositivity (%) 73.6
C-reactive protein (mean mg/l ± SD) 5.7 ± 9.7
Erythrocyte Sedimentation Rate (ESR) in 
hour 1 (mean mm ± SD) 20.5 ± 15.5

serum creatinine (mean micromol/l ± 
SD)

72.4 ±1 6.5

total cholesterol (mean mmol/l ± SD) 5.4 ± 1.1
LDL (mean mmol/l ± SD) 3.1 ± 0.9
HbA1C (mean % ± SD) 5.7 ± 0.7
NT-proBNP (mean pg/mL ± SD) 188.7 ± 410
proteinuria (n) 57
regular NSAID intake (n) 33
arterial hypertension (%) 65.9
diabetes mellitus (%) 15.5
coronary artery disease (CAD) (%) 9.3
family history of CAD (%) 26.4
smoking (%) 32
stress (%) 34.9
regular exercise (%) 41.1
regular alcohol consumption (%) 40.5
pulmonary disease (%) 12.4
osteoporosis (%) 16.3
history of neoplasia (%) 6.2
ESR (mean mm in hour 1 ± SD) 19.3 ± 15.9
Framingham score (mean ± SD) 9.4 ± 8.1

Patients regularly taking NSAIDs did not show different sST-2 
concentrations compared to individuals without regular use 
of NSAIDs (p = 0.28). RF and/or ACPA positive patients did 
not differ in sST-2 levels compared to seronegative subjects 
(p = 0.47). Finally, serum sST-2 did not correlate with either 
C-reactive protein (p = 0.21) or the erythrocyte sedimenta-
tion rate in hour 1 ( p = 0.13). Table 2 shows all variables and 
the p-values in detail.

TABLE 2 - sST-2 and RA disease activity (abbreviations: DMARD – 
Disease Modifying Anti-Rheumatic Drugs; VAS – Visual Analogue 
Scale; HFQ – Hannover Functional Questionnaire; NSAID – Non-
Steroidal Anti-Inflammatory Drugs)

Correlation analysis
Variable p-value
DAS 28 0.63
HFQ 0.19
number of swollen 
small joints 0.31

number of painful 
small joints 0.66

number of swollen 
large joints 0.45

number of painful 
large joints 0.26

C-reactive protein 0.21
ESR (hour 1) 0.13

Categorical analysis
Variable Results p-value
VAS
 0≤ and <1
 1≤ and <3
 3≤ and <4
 4≤ and <5
 5≤ and <7
 7≤ and <10

20,920 ± 2,745 pg/mL
17,816 ± 1,433 pg/mL
14,154 ± 2,191 pg/mL
15,347 ± 3,449 pg/mL
16,560 ± 1,128 pg/mL
18,637 ± 2,065 pg/mL

0.067

DMARD therapy

0.4

 no DMARD 12,933 ± 3,981 pg/mL
 �early disease, 

untreated 18,835 ± 1,591 pg/mL

 MTX alone 15,937 ± 915 pg/mL
 MTX + other 15,706 ± 1,274 pg/mL
 other 19,531 ± 2,788 pg/mL
systemic 
glucocorticoid therapy

0.35
 �0≤ and <2.5 mg 

daily 15,522 ± 1,216 pg/mL

 �2.5≤ and <5 mg 
daily 16,423 ± 1,675 pg/mL

 5≤ and <20 mg daily 18,227 ± 1,136 pg/mL

regular NSAID intake yes: 15,939 ± 1,510 pg/mL;  
no: 17,206 ± 841 pg/mL 0.28

Seropositivity positive: 16,802 ± 876 pg/mL; 
negative: 18,045 ± 1,562 pg/mL 0.47

large – 0.45, painful large – 0.26). No significant differences 
were found between the 5 DMARD treatment groups (p = 0.4).  
If systemic glucocorticoids were used (n = 118), patients 
were assigned to one of three dosage categories: 0≤ and 
<2.5 mg daily, 2.5≤ and <5 mg daily, and 5≤ and <20 mg daily. 
There was once again no significant difference observed 
in serum sST-2 levels between these categories (p = 0.35). 
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sST-2 and CVR in RA

The analysis of serum sST-2 in relation to various sur-
rogate markers of increased CVR (CVR) revealed numer-
ous significant findings in RA patients. Initially, significantly 
lower serum levels were observed in individuals with low 
CVR compared to those with moderate or high CVR accord-
ing to the Framingham score (low: 14,837 ± 846 pg/mL; mod-
erate: 19,034 ± 1,303 pg/mL; high: 21,685 ± 3,106 pg/mL;  
p = 0.009). Soluble ST-2 was also found to have a positive cor-
relation with the Framingham score (p < 0.001). It was higher 
in males than females (19,550 ± 1,308 pg/mL versus 15,961 
± 919 pg/mL; p=0.007) and positively correlated with age  
(p = 0.004). Patients who reported regular stress showed 
lower concentrations compared to those without stress 
(14,908 ± 1,055 pg/mL versus 18,558 ± 1,023 pg/mL; p = 0.02).  
Regular physical activity was also associated with lower levels 
(14,578 ± 945 pg/mL versus 18,909 ± 1,075 pg/mL; p = 0.005).  
A negative family history of CAD and the presence of CAD in the 
patients themselves were associated with higher sST-2 (18,432 
± 973 pg/mL versus 13,625 ± 1,005 pg/mL; p = 0.004 and 
22,824 ± 2,367 pg/mL versus 16,546 ± 790 pg/mL; p = 0.006).  
The intake of statins (20,067 ± 1,616 pg/mL versus 16,278 ± 852 
pg/mL; p = 0.009), aspirin (20,328 ± 1,925 pg/mL versus 16,508 
± 823 pg/mL; p = 0.02), and antidiabetic medications (24,982 
± 3,712 pg/mL versus 16,250 ± 703 pg/mL; p = 0.01) were all 
associated with higher levels of sST-2, respectively. Diabetic 
individuals also showed higher sST-2 than non-diabetics  
(24,551 ± 2,493 pg/mL versus 15,768 ± 712 pg/mL;  
p < 0.001). Positive correlations were identified between sST-2 
and NT-proBNP (p < 0.001), serum creatinine (p < 0.001), HbA1C  
(p < 0.001), ALT (p = 0.02), and gGT (p = 0.001). Finally, negative 
correlations were found between the marker and total choles-
terol (p = 0.009) and LDL (p = 0.005). Table 3 and Figure 1 show 
all analyzed variables and the significant findings in detail.

Discussion
Our study reveals numerous associations between sST-2 

and anamnestic, clinical, and laboratory surrogate mark-
ers of increased CVR in individuals with seropositive and 
seronegative rheumatoid arthritis under DMARD therapy. 
Most variables that were characterized by differences in 
sST-2 concentration indicate higher levels in the presence 
of a proatherogenic surrogate marker: male gender, older 
age, lack of physical activity, diabetes mellitus, including 
HbA1C, NT-proBNP, coronary heart disease, and finally the 
Framingham score itself. However, the intake of aspirin, 
statins, or antidiabetic drugs were also associated with higher 
sST-2 levels. It is important to consider that direct pharmaco-
logical impacts on sST-2 homeostasis cannot be definitively 
excluded. Finally, the marker correlated inversely with a 
positive family history of cardiovascular diseases, specifi-
cally coronary heart disease, and with total cholesterol and 
LDL. The latter could be explained by the fact that despite 
the increased CVR, patients with active Rheumatoid Arthritis 
(RA) have paradoxically reduced lipid levels (24-26). In the 
past 10-15 years, it has become increasingly evident how 
much rheumatoid arthritis (RA) contributes to both cardio-
vascular morbidity and the associated risk of death (3,7,27). 

TABLE 3 - sST-2 and CVR variables in RA – significant findings  
(LDL – low density lipoproteins; ALT – alanine aminotransferase; 
gGT – gamma glutamyltransferase)

Correlation analysis
Variable p-value
Age 0.004, r = 0.24
Framingham 
score <0.001, r = 0.31

serum 
creatinine <0.001, r = 0.35

HbA1C <0.001, r = 0.34
NT-proBNP <0.001, r = 0.37
total 
cholesterol 0.009, r = -0.22

LDL 0.005, r = -0.24
ALT 0.02, r = 0.19
gGT <0.001, r = 0.28

Categorical analysis
Variable Results p-value

gender females: 15,961 ± 919 pg/mL;  
males: 19,550 ± 1,308 pg/mL 0.007

CVR
 low
 moderate
 high

14,837 ± 846 pg/mL
19,034 ± 1,303 pg/mL
21,685 ± 3,106 pg/mL

0.009

stress stress: 14,908 ± 1,055 pg/mL;  
no stress: 18,558 ± 1,023 pg/mL 0.02

regular 
physical 
activity

physical activity: 14,578 ± 945 pg/mL; 
no physical activity: 18,909 ± 1,075  

pg/mL
0.005

family 
history of 
CAD

family history: 13,625 ± 1,005 pg/mL; 
no family history: 18,432 ± 973 pg/mL 0.004

CAD CAD: 22,824 ± 2,367 pg/mL; no CAD: 
16,546 ± 790 pg/mL 0.006

aspirin aspirin: 20,328 ± 1,925 pg/mL; no 
aspirin: 16,508 ± 823 pg/mL 0.02

statins statins: 20,067 ± 1,616 pg/mL; no 
statins: 16,278 ± 852 pg/mL 0.009

antidiabetic 
medication

antidiabetic medication: 24,982 ± 3,712 
pg/mL; no antidiabetic medication: 

16,250 ± 703 pg/mL
0.01

diabetes 
mellitus

diabetes mellitus: 24,551 ± 2,493  
pg/mL; no diabetes mellitus:  

15,768 ± 712 pg/mL
<0.001

The increase in risk is the combined result of the inflamma-
tory activity of the underlying disease itself, as well as the 
almost routine proatherogenic substance groups such as glu-
cocorticoids and NSAIDs (5,10). The quantification of CVR is 
of utmost clinical and prognostic significance in rheumatoid 
arthritis (RA). According to the 2015/2016 updated EULAR 
recommendations for CVR management in patients with 
RA and other inflammatory joint disorders, CVR assessment 
should be performed at least every 5 years based on national 
guidelines (8). Considering the possibility of underestimating 
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FIGURE 1 - Positive correlations between sST-2 and selected CVR variables (for p-values see text and Table 3).

the CVR in RA patients using prediction models for the gen-
eral population, they concluded to an adaptation by adding 
a 1.5 multiplication factor for the calculated CVR. The same 
approach is recommended by the 2021 ESC guidelines on car-
diovascular disease prevention in clinical practice (28).

In this regard, according to the guidelines of the European 
Society of Cardiology (ESC) (9), CVR stratification must take 
into account five categories: the severity of potential arte-
rial hypertension, the presence of a diabetic metabolic 
condition, additional CVR factors, end-organ damage, and 
cardiovascular sequelae or comorbidities. The specifications 
do not take into account the potential additive increase in 
risk due to the presence of a proatherogenic inflammatory 
disorder or the regular use of substances such as glucocor-
ticoids or leflunomide (29). They also do not consider the 
influence of antiatherogenic agents like methotrexate (30). It 
has been shown that chronic inflammatory diseases increase 
the risk of vascular calcification, not only in the case of RA. 
Individuals with Spondyloarthritis are also affected by this 
issue (31). Patients with chronic inflammatory rheumatic dis-
eases may evade the CVR stratification system published by 
the ESC. This potential gap in the detection of a higher CVR 
could potentially be reduced in the future through the addi-
tion of biomarkers, such as sST-2. 

Popsecu et al. (10) recently summarized relevant studies 
on this topic. They also discussed markers whose activities 
correlate with CVR in RA, such as anti-β2GPI IgA (positive) or 
miR-425-5p (negative). Curtis and colleagues (11) published 
a promising approach for biomarker-based CVR prediction 
in rheumatoid arthritis (RA). Since 2010, the determination 
of a so-called MBDA score has been offered in the USA, and 

health insurance companies cover the costs when indicated 
correctly. The MBDA score, primarily established for assess-
ing RA activity, is calculated based on the quantification of 
12 RA-associated biomarkers (such as IL-6, TNF-R1, EGF, and 
others). In the cited study, the CVR predictive potential of the 
score was analyzed using a Cox proportional hazards regres-
sion model. The model tested the predictive probability of 
different risk constellations, such as “age and gender” or 
“age, gender, and smoking.” The MBDA score itself was also 
considered as a constellation. In total, 30,751 RA patients 
with a cumulative count of 904 cardiovascular events were 
included. Ultimately, the MBDA score showed a hazard 
ratio of 2.89 for cardiovascular events in the following three 
years. With the increasing prevalence of artificial intelligence 
algorithms, diagnostic and therapeutic approaches in med-
icine are expected to undergo fundamental changes also. 
Al-Maini et al. (12) recently discussed the incorporation of 
genomic-based biomarkers (GBBM) and non-invasive radio-
mic-based biomarkers (RBBM) into CVR assessment in RA. 
They proposed the integration of GBBM and RBBM into the 
“AtheroEdge model” (AtheroPoint, CA, USA), a deep learning 
algorithm for CVR risk prediction in RA.

Without doubt, additive biomarkers are gaining recogni-
tion in determining which RA patients are particularly at high 
CVR. sST-2 is the circulating isoform of the IL-33 receptor. 
In 2011, Hong and colleagues (17) published data on sST-2  
in RA, which revealed elevated serum levels of this marker 
in patients compared to healthy controls. Two additional 
studies have measured sST-2 levels in adult Still’s disease 
(32) and Sjögren syndrome (33), both of which found ele-
vated levels of the marker in affected patients. In addition 
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to inflammatory rheumatic diseases, serum sST-2 has also 
been studied in cardiovascular disorders, including coronary 
artery disease, arterial hypertension, arrhythmias, and other 
conditions (18). A study conducted by our group has identi-
fied sST-2 as a novel predictor of survival in patients expe-
riencing newly onset acute kidney injury (21). Therefore, 
sST-2 is suitable for identifying uncontrolled inflammatory 
and non-inflammatory disorders. However, it cannot be used 
as a universal “danger signal” in rheumatic diseases, as it 
does not provide a comprehensive assessment of RA disease 
activity on its own.

Limitations

One limitation is the low prevalence of coronary artery 
disease (CAD) (9.3%) or known CAD risk factors such as dia-
betes mellitus (15.5%) in the study cohort. Therefore, we 
cannot conclusively decide whether sST-2 is an even more 
potent CVR predictor in RA than in individuals without RA. 
To further enhance the understanding of sST-2 in assessing 
CVR, it would be beneficial to include larger numbers of RA 
patients with and without CAD. Another limitation is the lack 
of comprehensive follow-up data. On one hand, the marker 
was not found to correlate or be associated with variables of 
RA disease activity. However, analyzing the serum dynamics 
of sST-2 over time could potentially provide valuable infor-
mation for assessing RA activity and for predicting DMARD 
response.

Conclusions

In RA, sST-2 may be proposed as promising marker of 
increased CVR and additional studies must clarify its exact 
role in the identification of those individuals that potentially 
escape traditional CVR risk profiling but may benefit from 
additional sST-2 analysis.
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ABSTRACT
Background: Systemic inflammation is crucial in cancer cachexia, but the optimal measurement method remains 
unclear. This study compares markers of systemic inflammation (MoSI) in predicting weight loss in patients with 
metastatic cancer.
Methods: This prospective, observational multi-center study involved patients undergoing radiotherapy for 
bone metastases. Baseline assessments included demographics, clinical characteristics, previous weight loss, 
and appetite loss. MoSI included: C-reactive protein (CRP), albumin, white blood cells, neutrophil-to-lympho-
cyte ratio, monocyte-to-lymphocyte ratio, interleukin-6 (IL-6), modified Glasgow Prognostic Score (mGPS), and 
Prognostic Nutritional Index. Body weight was recorded at baseline, 3, and 8 weeks post-radiotherapy. Multiple 
linear regression assessed MoSI’s predictive ability for weight loss, adjusting for previous weight loss, appetite 
loss, and primary tumour type. Goodness-of-fit was assessed using adjusted R2.
Results: Out of 574 recruited patients, 540 and 470 were analyzed at 3 and 8 weeks, respectively. The median age 
(IQR) was 67 (15), 330 (61%) were male, and 397 (74%) had a Karnofsky performance status ≥70. In a base model 
without MoSI, significant predictors of weight loss at 3 weeks were appetite loss and urological, lung, and gastro-
intestinal cancer (adjusted R2 of 0.064), while at 8 weeks, urological and lung cancer were significant (adjusted R2 
of 0.035). At 3 weeks, all MoSI significantly improved the base model, with adjusted R2 between 0.078 and 0.091. 
At 8 weeks: CRP, mGPS, albumin and IL-6 improved the model; however only CRP and mGPS retained an adjusted 
R2 of ~0.09.
Conclusions: All MoSI predicted weight loss, but CRP and mGPS were the most optimal.
Keywords: Cancer, Cachexia, Biomarkers, Inflammation

Introduction
Cachexia is particularly prevalent in patients with 

advanced cancer, but also occurs in earlier stages of the 
disease (1). The condition results from altered metabolism 

and is characterized by loss of muscle, with or without loss 
of fat mass. Appetite loss, systemic inflammation, insulin 
resistance, and increased muscle protein breakdown are fre-
quently associated with cachexia, and unlike undernutrition, 
cachexia cannot be reversed by nutritional support alone (2). 

While cachexia is a major cause of weight loss in patients 
with cancer, there are also other etiologies of cancer- 
associated weight loss, such as bowel obstruction, treat-
ment-related nausea or other side effects, and psychoso-
cial factors. Differentiating between etiologies of weight 
loss or assessing their relative impact remains challenging. 
This is particularly challenging in clinical studies, where a 
lack of reliable biomarkers for cancer cachexia can result in 
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heterogenous study samples. To address this, study selection 
criteria often include a range of cachexia-associated param-
eters, such as weight loss, appetite loss, fatigue, various labo-
ratory tests, and primary tumor types highly associated with  
cachexia (3-5). 

Systemic inflammation is integral to the pathophysiology 
of cachexia (6,7), and this is recognized in the 2011 interna-
tional consensus paper on the definition of cachexia, but not 
implemented in the proposed diagnostic criteria, which are 
based on weight loss and body composition (2). To differenti-
ate between changes in weight and body composition due 
to either cachexia or undernutrition, the Global Leadership 
Initiative on Malnutrition (GLIM) has suggested that the 
presence of systemic inflammation is necessary to diagnose 
cachexia (8). However, the optimal method to measure sys-
temic inflammation in cancer cachexia is not established.

For a marker of systemic inflammation to be of value in 
clinical assessment of cachexia, it needs to be easily acces-
sible, reliable, discriminate against other conditions, and 
have the potential to predict cachexia development. While 
several inflammatory biomarkers have been associated with 
cachexia and proposed as potential diagnostic markers (9), 
their predictive strength has not been directly compared, 
leaving the choice of biomarker unclear.

Although optimal treatment strategies remain to be 
established, identifying biomarkers of cachexia is important 
to identify patients at risk and in need of special follow-up, 
nutritional advice, and treatment. Additionally, patients with 
cachexia have a poor prognosis and may have reduced tol-
erance to anti-cancer treatment (10,11) and identifying the 
condition can therefore affect cancer treatment decisions. 
Knowledge of biomarkers may also lead to improved patient 
selection in cachexia clinical trials and to greater insight into 
the pathophysiology of cancer cachexia (2,6,7). Moreover, 
markers of systemic inflammation are increasingly being 
used as targets for new treatment (12,13). 

Our group has previously proposed a model that predicts 
cachexia development in patients with incurable cancer, iden-
tifying primary tumor type, appetite loss, and early weight 
loss (<5%) as significant predictors (14). A weakness of this 
model is that it lacks a marker of systemic inflammation. 

In order to enable early detection and consequently 
facilitate prompt management of cachexia, the objective of 
this study is to evaluate and compare the ability of different 
markers of systemic inflammation (MoSI) to predict weight 
loss in a cohort of patients with metastatic cancer.

Material and methods
Patients

This study was a preplanned part of the Palliative 
Radiotherapy and Inflammation study (PRAIS) (15). Patients 
were recruited from seven European oncological centers 
(Norway, Italy, Spain and UK) between December 2013 and 
December 2017. Key eligibility criteria were age > 18, a 
verified cancer diagnosis, and about to undergo palliative 
radiotherapy for painful bone metastases. Other details are 
published previously (15). The reporting is guided by the 
STROBE checklist for cohort studies (16).

Assessments

Patients were assessed at baseline and at study visits 
3 and 8 weeks after the end of radiotherapy. Age, sex, pri-
mary tumor type, and Charlson Comorbidity Index were 
recorded at baseline. The Patient-Generated Subjective 
Global Assessment Short Form (PG-SGA SF) was used to 
assess weight loss in the 6 months prior to baseline (17) 
and European Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire (EORTC QLQ) C15 PAL 
was used to assess appetite loss (18). Appetite loss is scored 
on a single-item 4-point Likert scale and linearly transformed 
to a score between 0 and 100, where a higher score indicates 
worse appetite. Height was recorded at baseline and weight 
was measured with light clothing at each study visit. In case 
of missing weight measurements, the patient reported 
weight was accepted. Weight loss was chosen as the end-
point in this study in favor of cachexia to maximize the use of 
data. Choosing cachexia as the endpoint in this longitudinal 
study would necessitate discarding all observations related 
to patients already suffering from cachexia at baseline. The 
current definition of cachexia is based on weight loss and 
body composition, and a change in body composition over 
time would almost certainly be reflected by weight loss (2).

C-reactive protein (CRP) (mg/L), albumin (g/L), white blood 
cell count (WBC) (109/L), neutrophil to lymphocyte ratio (NLR), 
monocyte to lymphocyte ratio (MLR), Interleukin-6 (IL-6) (pg/
mL), modified Glasgow Prognostic Score (mGPS) and Prognostic 
Nutritional Index (PNI) were used to assess systemic inflamma-
tion at baseline. Clinical chemistry analyses were performed at 
local laboratory facilities at each study site. IL-6 was included in 
the analysis because it is a central mediator of cancer cachexia 
(6) and because we wanted to evaluate the predictive effect of 
a cytokine alongside more easily accessible MoSI. IL-6 analyses 
were performed with Bio-Plex ProTM Human Cytokine Plex-27 
Assay (Bio-Rad Laboratories, Hercules, CA, USA) at Nordland 
Hospital Trust (Bodø, Norway). The mGPS is based on CRP and 
albumin levels, and patients are scored 0 (CRP ≤ 10 mg/L, any 
albumin), 1 (CRP > 10 mg/L, albumin ≥ 35 g/L) or 2 (CRP > 10 
mg/L, albumin < 35 g/L). PNI is calculated as albumin (g/L) + 
5 × lymphocytes (109/L). The mGPS and PNI were included in 
the analyses in addition to CRP, albumin, NLR and MLR because 
they are well validated, accessible and frequently used scores 
to assess systemic inflammation and cancer prognosis (19,20). 
Further details on the analytical methods are published previ-
ously (15). 

Ethical considerations

This study was approved by The Regional Committee 
for Medical and Health Research Ethics in Central Norway 
(2013/1126) as well as medical research ethics committees in 
each participating country. The study was conducted in keep-
ing with the 1964 Declaration of Helsinki and its later amend-
ments. All patients gave written informed consent prior to 
the inclusion in the study. 

Statistical analysis

Sample size was estimated based on the primary out-
come of the PRAIS-study, and not on the outcome used in 
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this secondary analysis. A detailed justification for the sam-
ple size is provided in the protocol paper (21). Descriptive 
statistics were used to analyze baseline characteristics. To 
evaluate ability to predict weight loss after 3 and 8 weeks, 
linear regression was used with percentage weight loss from 
baseline to 3 and 8 weeks after end of radiotherapy, respec-
tively, as dependent variables. Two base models, one for  
3 weeks’ weight loss and one for 8 weeks’ weight loss, were 
created with primary tumor type and appetite loss as inde-
pendent variables, based on a previously published model 
(14). Both models were adjusted for reported weight loss 
prior to baseline. The different MoSI were added to the two 
base models one by one, and adjusted R2 were used to com-
pare goodness-of-fit between models. CRP, NLR, MLR and IL6 
were logarithmically transformed after a sensitivity analysis 
conducted to determine which inflammatory markers would 
benefit from such transformation. To aid clinical decision-
making, an analysis was performed to find the optimal 
cutoffs of the best-performing inflammatory marker(s). To 
accomplish this, regression analyses were performed mul-
tiple times with the inflammatory marker dichotomized with 
consecutive cutoffs, and the optimal cutoff was determined 
based on which regression model resulted in the highest 
explained variance in terms of adjusted R2. 

To maximize use of collected data and address bias due 
to missing data, multiple imputations with chained equa-
tions were applied, using all variables included in the regres-
sion analyses, as well as Charlson comorbidity index and 
survival time as auxiliary variables. Ninety imputations were 
performed. Estimates and variances were combined using 
Rubin’s rules (22). Stata MP ver. 18.0 (College Station, TX, 
USA) was used for the statistical analysis.

Results
Figure 1 shows the selection of patients for the final 

analysis. A total of 574 patients were recruited. Two patients 
were excluded for not meeting inclusion/exclusion criteria, 
two withdrew before completing the baseline case report 
form (CRF), and for one patient, the baseline CRF was lost. 
Additionally, 29 patients died before the first follow-up and 
99 patients died before the second follow-up. Consequently, 
the analysis 3 and 8 weeks after end of radiotherapy included 
540 and 470 patients, respectively. Regarding missing data, 
210 (38%) at 3 weeks and 189 (40%) at 8 weeks had at least 
one missing variable. The variable most frequently missing 
at both 3 and 8 weeks was weight loss with 106 (20%) and 90 
(19%) missing observations, respectively. Table 1 shows the 
baseline characteristics. For the full sample of 540 patients, 
the median age (IQR) was 67 (15), 210 (39%) were female 
and 397 (74%) had a Karnofsky performance status of 70 
or higher. The mean (SD) patient-reported weight loss prior 
to baseline was 3.1% (7.8) (2.7 kg [6.1]). The subsample of  
470 patients had a slightly longer time since diagnosis, but 
had otherwise similar baseline characteristics, which are 
shown in Table 1. 

The mean (SD) weight loss from baseline to 3 weeks 
was 1.5% (4.2) (1.1 kg [3.2]) and the mean (SD) weight loss 
after 8 weeks was 1.9% (5.6) (1.5 kg [4.1]). Tables 2a and 

2b shows the results of the regression analysis. Lung cancer 
and urological cancer were predictive of weight loss in both 
3 and 8 weeks. GI-cancer and appetite loss were predictive 
of weight loss in 3 weeks, but not in 8 weeks. Adjusted R2 for 
the base model was 0.064 in 3 weeks and 0.035 in 8 weeks. 
All MoSI significantly improved prediction of weight loss in 3 
weeks. CRP, Albumin, mGPS, and IL6 improved prediction of 
weight loss in 8 weeks, of which CRP and mGPS yielded the 
highest explained variance. Adjusted R2 for all models using 
MoSI to predict weight loss in 3 weeks ranged from 0.076 to 
0.091. Only the two models using CRP and mGPS maintained 
this level of goodness-of-fit after 8 weeks, with adjusted R2 of 
0.096 and 0.093, respectively. 

As CRP, which proved to be one of the more robust and 
predictive markers, is a continuous variable, an exploratory 
analysis was performed to establish the optimal cutoff for 
predicting weight loss. Figure 2 shows the explained variance 
of weight loss after 3 and 8 weeks using consecutive cutoffs 
of CRP from 5 to 100 in increments of 5. A cutoff of 25 yielded 

574 pa�ents 
recruited

569 pa�ents with 
baseline 

registra�ons

5 pts excluded due 
to not mee�ng 

selec�on criteria 
(2)/ withdrawal (2)/

CRF lost (1)

29 pa�ents died 
before 3 week FU

540 pa�ents 
included in analysis 

at 3 weeks

70 pa�ents died 
between 3 and 8 

week FU

470 pa�ents 
included in analysis 

at 8 weeks

FIGURE 1 - Patient selection.
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the highest explained variance at 3 weeks, with adjusted R2 
of 0.095, while a cutoff of 30 yielded the highest explained 
variance at 8 weeks, with adjusted R2 of 0.093. However, 
cutoffs between 10 and 60 or 10 and 45, all yielded com-
parable explained variance for the 3- and 8-week cohorts, 
respectively.

Discussion
In this study, we demonstrate that MoSI improve pre-

diction of weight loss compared to other clinical markers. 
Specifically, CRP and the partly CRP-derived mGPS predict 
weight loss with higher accuracy and reliability than other 
MoSI included in this analysis. 

In a previous longitudinal observation study, we identi-
fied early weight loss (<5%), primary tumor type and appetite 
loss as predictors for future development of cachexia (14). 
Building on this model, our aim was to evaluate whether 
MoSI would improve the ability to predict future weight loss 
in a similar patient population. In the current study we con-
firm that both primary tumor type and appetite loss predict 
weight loss in the short term. Although gastrointestinal can-
cer was not statistically significant in predicting weight loss 
after 8 weeks, urological and lung cancer remained highly 
significant in this time frame. The association between 
cachexia and certain primary tumor types has been shown 
in several cross-sectional studies (1,10,23). In the present 
study, we show that effect of tumor type remains significant 
even when contrasted by MoSI. This suggests that the asso-
ciation between weight loss and specific tumor types cannot 
be solely attributed to the tumor’s ability to trigger systemic 
inflammation. 

Contrary to the effect of systemic inflammation, effect of 
appetite loss seemed to dissipate over time as appetite loss 
was not significant in predicting weight loss after 8 weeks. 
This may indicate that weight loss associated with non-
inflammatory appetite loss may have a greater potential for 
recovery. This is supported by a finding in a small retrospec-
tive study evaluating predictors of the appetite stimulant 
anamorelin, where MoSI negatively predicted the effect of 

TABLE 1 - Baseline characteristics

3 wk. cohort 8 wk. cohort
N   540 470
Age (years) median (IQR) 67 (15) 67 (14)
Sex f (%)
  Male 330 (61) 283 (60)
  Female 210 (39) 187 (40)
Primary tumor type f (%)
  Breast cancer 110 (20) 104 (22)
  Prostate cancer 140 (26) 131 (28)
  Lung cancer 95 (18) 82 (17)
  Gastrointestinal cancer 87 (16) 67 (14)
  Urological cancer 59 (11) 47 (10)
  Other 49 (9) 39 (8)
Location of metastases outside 
bone f (%)

Lung 156 (29) 129 (27)
Liver 139 (26) 111 (24)
CNS 34 (6) 26 (6)
Other 219 (41) 184 (39)
None 207 (38) 194 (41)

Time since diagnosis (wks.)  
median (IQR) 82 (230) 96 (246)
KPS f (%)
  0-60 143 (26) 103 (22)
  70-100 397 (74) 367 (78)
WL (%) at baseline mean (SD) 3.1 (7.8) 2,6 (7.5)
BMI (kg/m2) mean (SD) 25.9 (4.6) 26 (4.6)
Lack of appetite at baseline f (%)
  Not at all 228 (43) 207 (44)
  A little 158 (29) 139 (30)
  Quite a bit 89 (17) 76 (16)
  Very much 61 (11) 44 (9)
Skeletal region of radiation f (%)

Vertebral column 277 (51) 231 (49)
Pelvis 206 (38) 183 (39)
Extremities 60 (11) 53 (11)
Thorax (excl. vertebral column) 58 (11) 53 (11)
Other 12 (2) 12 (2)

Radiation dosea) f (%)
8 Gy x 1 189 (35) 167 (36)
4 Gy x 5 155 (29) 132 (28)
3 Gy x 10 144 (27) 125 (27)
Other 52 (10) 46 (10)

Concurrent systemic anti-cancer 
treatment (within 6 wks.) f (%)

Yes 353 (72) 319 (74)
No 139 (28) 111 (26)

Abbreviations: Wk, week; IQR, Interquartile Range; f, frequency; KPS, Karnof-
sky performance status; WL, weight loss; SD, standard deviation; BMI, body 
mass index.
a) for the 119 patients that received two parallel treatments, the highest 
total dose is reported.

FIGURE 2 - Explained variance in weight loss after 3 and 8 weeks 
according to CRP cutoff. Cutoffs of CRP between 10 and 60 or  
10-45 yields an explained variance of weight loss (adjusted R2) > 0.08  
after 3 and 8 weeks, respectively.
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the treatment (24). Thus, weight loss associated with sys-
temic inflammation seems more refractory, aligning with the 
treatment resilience seen in cancer cachexia.

Patient-reported weight loss at baseline did not have any 
effect on future weight loss. This might seem surprising as 
one would believe that patients with a history of weight loss 
would be at risk of further weight loss. Lack of effect could 
possibly be attributed to the uncertainty of patient report-
ing; however, it also should be noted that the time frame 
for assessment of baseline weight loss is six months prior to 
baseline. Thus, the lack of observed effect of prior weight 
loss could mean that many have experienced weight loss 
some time ago, but that body weight is now stabilized (but 
not regained) due to anti-cancer treatment or other inter-
ventions. If weight loss closer to baseline had been assessed, 
the results might have been different.

Systemic inflammation occurs when pro-inflammatory 
cytokines are released from immune cells and chronically 
activates the innate immune system. Systemic inflammation 
can lead to development or progression of several diseases 
such as cardiovascular disease, diabetes mellitus, chronic 
kidney disease or cancer (25). MoSI have known prognostic 
value in cancer (19,26,27), and have been shown to be associ-
ated with weight loss and cachexia in cross-sectional studies 
(28,29). Recently, also a longitudinal analysis was published, 
showing that activation of several pro-inflammatory path-
ways and circulating growth differentiation factor 15 (GDF15) 
was predictive of cachexia in lung cancer (30). In the present 
longitudinal study, we now show that readily available MoSI 
predict weight loss independent of tumor type, appetite loss 
and previous weight loss, and may therefore serve as mark-
ers of cachexia development or progression.

Although all evaluated MoSI significantly improved pre-
diction of weight loss at three weeks, CRP and mGPS dem-
onstrated the highest levels of explained variance. Notably, 
these two markers were the only ones retaining the same 
level of explained variance at 8 weeks. This suggests that 
CRP and mGPS are the most robust predictors of weight loss, 
indicating a stronger and more sustained relationship with 
weight loss than the other MoSI in this study. mGPS scores 
systemic inflammation from 0-2 based on serum elevation of 
CRP and/or albumin (19). CRP and albumin are acute phase 
proteins synthesized in the liver. While CRP is upregulated in 
response to pro-inflammatory cytokines, albumin is down-
regulated, thus they are termed positive and negative acute 
phase proteins, respectively. Neither CRP nor albumin has a 
known direct role in the pathophysiology of cachexia (31). 
However, the regulation of both CRP and albumin depends 
on pro-inflammatory cytokines such as Interleukin-1 (IL-1), 
Tumor Necrosis Factor alpha (TNFα), Transforming Growth 
Factor beta (TGFβ), and IL6 (32), which are all implicated 
in cachexia pathophysiology (6). CRP and albumin, which 
are more readily available in clinical practice, may there-
fore serve as surrogate markers of cytokine activation and 
cachexia. Notably, both CRP and albumin more accurately 
predicted weight loss than IL-6 in this study.

According to our model, predicted weight loss increased 
with increasing CRP. In order to find the cutoff most accu-
rately predicting weight loss, we explored several consecutive 

cutoffs of CRP and found that an optimal compromise for both 
short- and long-term prediction is a CRP cutoff in the lower 
end of the scale (between 10 and 45). The mGPS uses a CRP 
cutoff of 10 and with the addition of low albumin (mGPS 2), 
the predicted weight loss increased considerably compared 
to patients with elevated CRP only (mGPS 1). However, the 
explained variance was similar between CRP and mGPS. This 
means that although addition of low albumin increases the 
amount of predicted weight loss, it did not explain more of the 
variation in future weight loss. Thus, combining low albumin 
and elevated CRP as a required criterion for cachexia probably 
means that many patients with relevant weight loss will not 
be detected. Consequently, a slightly elevated CRP seems like 
the most optimal inflammatory marker to diagnose cachexia. 
However, mGPS is useful to grade severity of cachexia.

In this study, weight loss in patients with metastatic can-
cer was chosen as the outcome. The rationale behind this 
decision is that the cachexia diagnostic criteria are mainly 
based on weight loss. A 5% weight loss in the last 6 months 
in patients with normal or obese body composition, or 2% in 
patients with lean body composition is diagnostic of cachexia, 
and while the definition additionally states that the weight 
loss is caused by metabolic alterations and cannot be reversed 
by nutritional intervention alone, this is not integrated in the 
diagnostic criteria (2). Weight loss in cancer may have sev-
eral different causes, many of which may not be related to 
cachexia, according to the definition. Typical examples are 
weight loss related to dysphagia or other types of malignant 
bowel obstruction, in which weight loss often can be signifi-
cantly improved by nutritional intervention. Using weight loss 
as the only diagnostic criterion is thus not sufficiently specific. 
An obvious pitfall is that patients with weight loss not related 
to cachexia might be recruited to cachexia intervention stud-
ies, potentially obscuring the actual effect of the intervention 
on the outcome. Consequently, many intervention studies in 
the later years have used additional ad hoc criteria to diag-
nose cachexia, such as appetite loss, fatigue, or laboratory 
markers, including various MoSI (4,33,34). In the GLIM crite-
ria for malnutrition, it is advocated that systemic inflamma-
tion is a necessary criterion for cachexia; however, no specific 
marker for systemic inflammation was named (8). Our results 
show that MoSI are indeed predictive of weight loss in can-
cer and may serve as biomarkers of cachexia development. 
Furthermore, we identify CRP and mGPS as the most robust 
and predictive markers among several other MoSI, and they 
should be considered implemented in the diagnostic criteria 
of cachexia and used in future clinical trials as selection crite-
ria to identify patients with cachexia. 

Limitations

This is a preplanned secondary analysis of a study, whose 
primary objective was to identify predictors of response to 
palliative radiotherapy for painful bone metastases (21). The 
strengths of this study include the availability of MoSI in a 
longitudinal dataset of patients with metastases from vari-
ous primary tumor types and with a considerable spread in 
weight loss. A limitation is that all patients have bone metas-
tases, thus the sample is not representative of the total pop-
ulation of patients with metastatic cancer. However, bone 
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metastases are common in advanced cancer and found in 
85% of patients dying from prostate, breast, and lung cancer  
(35). Furthermore, animal models of cancer-induced bone 
pain have been shown to be a useful platform to study can-
cer cachexia (35). Additionally, all patients in this study 
received palliative radiotherapy after baseline observations, 
and although this treatment is generally very well tolerated, 
this may have affected development of symptoms such as 
appetite loss. It is difficult to deduce the significance of these 
two limitations, and the results should be interpreted with 
caution. Adjusted R2 of the investigated models can be per-
ceived as low with a value around 0.09 for the best models 
(CRP and mGPS), meaning that 9% of the variance in weight 
loss is explained by the predictors in the model. This may be 
owed to the multifactorial nature of weight loss, meaning 
that other factors not included in the models are important 
to the prediction of weight loss. The aim of this study was not 
to identify all relevant predictors, but to compare predictive 
ability of several MoSI. With respect to that, we chose to rely 
on a previously published model when selecting prior weight 
loss, primary tumor type, and appetite loss as covariates for 
the base model (14). The observed increase in R2 following 
the addition of MoSI indicates that these markers significantly 
enhance the predictive accuracy for weight loss. The measure-
ments of IL6 were not standardized to a specific time of day. 
As IL6 is known to have some diurnal variation (36), this may 
have introduced variance in the measurements, weakening a 
possible association with weight loss. As is common in studies 
with patients with advanced cancer, the attrition was high. To 
compensate for the bias that might arise from this, we have 
performed multiple imputations of missing values at baseline, 
and for patients still alive, but with missing data at follow-up. 
The results of this study are not validated in another patient 
cohort and should be considered exploratory. The results must 
therefore be seen in conjunction with previous publications, 
and future multi-center studies on the subject are necessary.

Conclusion
Systemic inflammation is an important biomarker for 

cachexia/cancer associated weight loss, and several specific 
MoSI are applicable. However, CRP and mGPS seem the most 
accurate and robust in predicting weight loss both short- and 
long-term. Smaller elevations in CRP serum levels seem to 
optimally stratify risk of future weight loss, while mGPS is 
useful for grading severity of future weight loss. 
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ABSTRACT
Background: Sepsis is a life-threatening condition and a major cause of hospital mortality worldwide. This study 
investigated the diagnostic utility of monocyte mean volume (MONO MEAN-V), monocyte distribution width 
(MDW), monocyte mean conductivity (MONO MEAN-C), and monocyte standard deviation conductivity (MONO 
Sd-C) for sepsis, compared to conventional markers.
Methods: A prospective cohort study was conducted in two centers, enrolling adult patients classified into three 
groups: sepsis, septic shock, and febrile. Blood was drawn from septic patients on days 1, 3, and 5 of admission. 
MDW and other inflammatory parameters were measured in all patients.
Results: Patients with sepsis or septic shock exhibited significantly elevated MONO MEAN-V, MDW, and MONO 
MEAN-C and lower MONO Sd-C compared to febrile patients. Among the biomarkers evaluated, MDW emerged 
as a reliable predictor of sepsis. A cut-off MDW value of 25.1 on day 1 demonstrated optimal diagnostic perfor-
mance, with an area under the ROC curve of 0.84 (95% CI: 0.77-0.91), sensitivity of 75%, and specificity of 91.2%. 
Conclusions: MDW appears to be a cost-effective, rapid marker for sepsis detection, performing at least as effec-
tively as existing biomarkers. Our findings corroborate other published studies, highlighting MDW’s potential to 
enhance early sepsis recognition.
Keywords: Biomarker, Diagnosis, MDW, Sepsis

which was employed to describe the sequence of complica-
tions of severe disease and acute patient mortality under 
different circumstances (2,3). Septic shock is a serious com-
plication of sepsis involving metabolic, cellular, and circula-
tory anomalies, which leads to an increased risk of mortality 
compared with sepsis alone (1). It constitutes a global health 
problem and indicates a steady increase in incidence, with 49 
million cases and 11 million sepsis-related deaths worldwide 
in 2017 (4). Cases of sepsis due to fungi have increased in 
recent years, and the MDW is more efficient than biomarkers 
like C-reactive protein (CRP) and procalcitonin (PCT) (8).

Diagnosis and early detection of sepsis are crucial for 
improving patient survival and reducing healthcare costs (5). 
The use of biomarkers is vital in the early diagnosis, recog-
nition of organ dysfunction, prognosis, and stratification of 
patients, leading to individualization of medical intervention. 
It also contributes to the avoidance of the overconsumption 

Introduction
Sepsis, according to the Sepsis-3 conference, is a life-

threatening condition characterized by the dysregulation 
of the host immune reaction as a response to an infec-
tion, which leads to systemic inflammation and multiple 
organ failure (1). The importance of organ dysfunction has 
been stressed during the last decade by the creation of the 
sequential organ failure assessment (SOFA) score in 1994, 
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of antibiotics, which otherwise may lead to an increase in 
antimicrobial resistance. According to the National Institutes 
of Health (NIH) Biomarkers Definitions Working Group, a 
biomarker is objectively measured and evaluated as an indi-
cator of normal biological processes, pathogenic processes, 
or pharmacological responses to a therapeutic interven-
tion”(6).In 2001, a series of biomarkers, such as CRP and 
PCT, were included in the diagnosis of sepsis, and there has 
been an exponential growth of studies analyzing various bio-
markers (5,7,8). A series of various biomarkers have been 
employed in the diagnosis and monitoring of sepsis; these 
include acute phase proteins such as high sensitivity CRP 
(hsCRP), complement proteins such as complement com-
ponent 5amonocyte chemo (C5a) and Pentatrexin (PTX-3), 
cytokines such as interleukin-10(IL-10), monocyte chemoat-
tractant protein-1 (MCP-1), tumor necrosis factor-a (TNF-a), 
interleukin-1b (IL-1b) and interleukin-6 (IL-6), damage-asso-
ciated molecular patterns (DAMPs) such as calprotectin and 
high mobility group box-1 protein (HMGB-1), endothelial cell 
and blood-brain barrier (BBB) markers such as syndecan-1, 
very late antigen-3 (VLA-3), angiopoietin-1 (Ang-1), angio-
poietin-2 (Ang-2), claudin-5 (CLDN-5), occludin (OCLN), plas-
minogen activator inhibitor-1 (PAI-1), soluble intercellular 
adhesion molecule-1 (sICAM-1), calcium-binding protein B 
(S100B) and E-selectin (5). 

Several other biomarkers have been explored, focusing 
on the parameters included in complete blood count (CBC). 
CBC is a simple examination and has several advantages: it 
is a first-line test, can be easily performed, is inexpensive, 
quick, and available in all medical facilities. The CBC param-
eters that have been studied include the absolute number of 
neutrophils, lymphopenia (9, 10), monocytosis or monocyto-
penia (11,12), eosinopenia (13), basocytopenia (14), anemia 
(as defined by hemoglobin (Hb) <12 g/dl) (15), an increased 
red cell distribution width (RDW) (>15%) (13,16,17), a low 
platelet (PLT) count (PC) (18), neutrophil-to-lymphocyte 
ratio (NLR) (19-22), monocyte-to-lymphocyte ratio (MLR)and 
PC-to-mean PLT volume (MPV) ratio (PC/MPV) (23-25). Novel 
indicators produced by modern hematology analyzers have 
also been employed, such as delta neutrophil index (26-28), 
immature PLT fraction (IPF) (29), mean neutrophils volume 
(NEUTRO MEAN-V), and mean monocytes volume (MONO 
MEAN-V) (30-31).

Monocytes play a central role in sepsis and in the mecha-
nisms of natural and acquired immunity. A new CBC param-
eter provided by a modern analyzer with new-generation 
volume-conductivity-scatter (VSC) technology is the MDW, 
which depicts the anisocytosis of circulating monocytes, 
represents the standard deviation (SD) of a set of monocyte 
cell volumes and seems to be an important diagnostic and 
prognostic tool for the development and progression of sep-
sis (49). COULTER VCS established white blood cell (WBC) 
leukocyte-type technology using three measurements: sin-
gle-cell volume, high-frequency conductivity, and laser light 
scattering. The combination of low-frequency current, high-
frequency current, and light scattering technology provides 
information about each cell that can be expressed in data 
plots (two- and three-dimensional nephelograms), as well as 
surface plots).

In 2019, the Food and Drug Administration (FDA) autho-
rized the clinical application of MDW for the detection of 
sepsis in adult patients in the emergency room (ER). This bio-
marker has also been tested in other clinical settings, such as 
the intensive care unit (ICU) and infectious disease units, as 
well as in vitro stability tests (8,32-41). The role of MDW and 
other monocyte parameters in sepsis prognosis has been the 
focus of much research in recent years.

The aim of our study was to investigate the role of MDW 
and other monocyte parameters in sepsis prognosis and to 
compare these parameters with other biomarkers widely 
used to predict sepsis.

Materials and Methods
Patients and identification of high-risk patients

A comparative, prospective study was carried out with 136 
patients (68 patients with sepsis and 68 non-septic patients) 
from the Emergency Department of the General Hospital of 
New Ionia Konstantopouleio-Patision and Eginitio. Sepsis was 
defined based on the guidelines of the third international 
consensus on sepsis and septic shock (1). The Sepsis-3 defi-
nitions suggest that patients with at least two of the three 
clinical variables mentioned below may be prone to poor 
outcomes typical of sepsis: (1) low systolic blood pressure 
(SBP ≤ 100 mmHg), (2) high respiratory rate (≥22 breaths per 
min), or (3) altered mental status (Glasgow Coma Scale < 15). 
Quick SOFA(qSOFA) score includes one point for each of the 
above three criteria. A qSOFA score ≥ 2 with suspected infec-
tion was suggestive of sepsis or septic shock. Originally, 136 
patients were screened for sepsis and were divided into two 
groups, with 68 patients each: those with possible infection 
and worse prognosis and a qSOFA score ≥2 and those with-
out a possible infection and a qSOFA score < 2. This is how 
the “septic” patients came about. Patients with hematologi-
cal malignancies or those undergoing recent chemotherapy 
or taking medications affecting the monocyte population, 
such as injectable growth factors, were excluded from our 
study. Αlso, pediatric cases were excluded due to the non-
availability of pediatric clinics in the two survey hospitals. 
Patients who scored qSOFA ≥2 either came directly to the 
emergency department of the General Hospital of New Ionia 
Konstantopouleio-Patision or were already hospitalized in 
one of the two hospitals, and their clinical profile changed, 
resulting in them also having a qSOFA score ≥2. Septic 
patients were classified into two categories based on sepsis-3 
classifications, “sepsis“and “septic shock.” So, according to 
the aforementioned parameters, three categories of patients 
emerged, “febrile,” “patients with sepsis,” and “patients with 
septic shock.” 

Measurement of sepsis biomarkers

Several sepsis indicators have been studied (PCT, IL-6, and 
CRP), including The following tests were performed for all 
patients: CBC, prothrombin time (PT/INR), PT-INR-activated 
partial thromboplastin time (aPTT or APTT), aPTT- fibrinogen-
d-dimers, serum PCT, CRP, arterial blood gas (ABG), lactate 
(LAC), serum ferritin (FER), serum TNF-α, and IL-6. For CBC 
and MDW calculation, blood samples were collected in K2 
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EDTA vials using the Coulter DXH900 hematology analyzer 
(Beckman Coulter Diagnostics SA, California, US), and PT-INR-
aPTT-FIB and d-dimers were measured in sodium citrate 
vials using a BCS-XP Siemens analyzer (Siemens Healthcare 
Diagnostics, Illinois, US). For FER, CRP, PCT, TNF-a, and IL-6 
serum was isolated from gel clot activator blood tubes; 
FER was measured by chemiluminescence immunoassay at 
the UniCel DxI 800 Access Immunoassay System (Beckman 
Coulter Diagnostics SA, California, US), CRP by immunotur-
bidimetric method at the Roche cobas c501 system (Roche 
Diagnostics, Indianapolis, USA), PCT by chemiluminescence 
at the Abbott Alinity C system (Abbott Diagnostics, Illinois, 
USA), and TNF-a and IL-6 by ELISA at the Brio 2 (Diachel). The 
LAC and ABGs were measured using an ABL 800 FLEX(RADIO 
METER) ABG analyzer. Below, the statistical analysis presents 
some of the biomarkers measured in the patients.

For each patient with sepsis before the initiation of anti-
microbial therapy, 10 ml of blood was drawn in Bactec culture 
vials (one pair for each patient) and incubated for a total of 5 
days in the BD Bactec™ FX Blood system (Becton Dickinson, 
New Jersey, US). One blood culture set was collected from 
patients, except for those for whom endocarditis was sus-
pected, for whom three sets were collected. Biological sam-
ples were cultured and incubated in common culture media 
and were evaluated. Microbial isolates were identified using 
the Vitek 2 Compact system (Biomerieux SA, Craponne, 
France), and antibiograms were obtained using the MIC and 
the E-test method using the standard criteria EUCAST.

In all patients with sepsis, the hematological markers were 
measured from morning samples one hour after sampling on 
the 1st, 3rd, and 5th day to check their prognostic value for 
the patient’s outcome. In febrile patients, the hematological 
markers were measured in the same way only on the 1st day. 
Blood cultures were taken from all patients, as well as other 
biological samples such as urine, sputum, bronchoalveolar 
lavage, and CSF, in order to identify the possible source of 
infection before the initiation of empirical antibiotic therapy. 
We evaluated the clinical history of each patient, including 
various comorbidities or any factors contributing to immuno-
suppression, co-administration of other drugs, family history 
of dementia, and the status of the patient.

Statistical analysis

Quantitative variables are represented by mean values 
(standard deviation) and median (interquartile range), while 
categorical variables are represented by absolute and rela-
tive frequencies. Chi-square tests were used to compare the 
proportions. Students’ t-tests were used to compare the 
ages of septic patients and febrile. The Mann–Whitney test 
was used to compare data between the two groups. ROC 
curves were used to estimate the predictive ability of MONO 
MEAN-V, MONO MEAN-C, monocyte volume standard devia-
tion (MONO Sd-V), and monocyte standard deviation con-
ductivity (MONO Sd-C). The sensitivity and specificity were 
calculated for the optimal cut-off values. The area under the 
curve (AUC) was also calculated. All the reported p-values 
were two-tailed. Statistical significance was set at p < 0.05, 
and analyses were conducted using the SPSS statistical soft-
ware (version 26.0).

Results

TABLE 1 - Sample characteristics in the total sample and by outcome

  Group P

Sepsis and 
septic shock  
(n = 68, 50%)

Febrile  
(n = 68, 50%)

n % n %

Gender Women 37 54.4 35 51.5 0.731+

Men 31 45.6 33 48.5

Age (years), 
mean (SD)

73,4 (16,1) 58,1 (19,1) <0.001++

+ Pearson’s chi-square test; ++Student’s test

One hundred thirty-six patients were included in the 
study. Half of them (n = 68; 50%) had sepsis or septic shock, 
and the other half were febrile (n = 68; 50%). The mean age 
of septic patients was 73.4 years (SD = 16.1 years), and the 
mean age of febriles was 58.1 years (SD = 19.1 years) .Τhe 
majority of both groups were women, 54.4% of septic patients  
and 51.5% of febriles. Their characteristics are presented in 
Table 1 for the total sample and by outcome. A significant 
difference was found between septic patients and febriles, as 
far as age is concerned.  

The comorbidities of patients with sepsis are described in 
Table 2. 36.8% of the patients suffered from arterial hyper-
tension and 33.8% from heart failure.

TABLE 2 - Comorbidities

Comorbidities n %

Diabetes mellitus 14 20.6

Arterial hypertension 25 36.8

Heart failure 23 33.8

COPD 10 14.7

Immunosuppression 11 16.2

Other disease 53 77.9

ΜΟΝΟ MEAN-V, MDW, MONO MEAN-C, and MONO-SdC 
values by a group of “septic,” “septic shock,” and “febrile” 
patients are presented in Table 3.

On the 1st day, there were significant differences in 
MONO MEAN-V, MDW, MONO MEAN-C, and MONO-SdC 
among the three groups. More specifically, after Bonferroni 
correction, it was found that febrile cases had significantly 
lower ΜΟΝΟ MEAN-V and MDW compared to the sepsis 
group (p = 0.001 and p < 0.001, respectively) and significantly 
greater MONO MEAN-C compared to the sepsis group (p < 
0.001). In addition, febrile patients had significantly lower 
MONO-SdC and MDW than the sepsis group (p < 0.001 for 
both groups) and significantly greater MONO MEAN-C than 
the septic shock group (p = 0.002). No significant differences 
were found between the sepsis and septic shock groups after 
Bonferroni correction for measurements on the 1st day. In 
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TABLE 3 - MONO MEAN-V, MONO MEAN-C, MDW, MONO Sd-C values by outcome. Values of p < 0.05 are marked in bold

Group

PSepsis
(n = 22; 16.2%)

Septic shock
(n = 46; 33.8%)

Febriles
(n = 68; 50%)

Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD) Median (IQR)

MONO MEAN-V

1st day 189.2 (11,2) 191.5 (186-195) 186.9 (12.8) 184 (178-195) 18.2 (10.3) 182 (174-188) 0.003+

3rd day 186.9 (11,8) 187 (181-191) 183 (9.8) 181 (179-193.5) – – 0.586++

5th day 182.4 (10.3) 181 (177-185) 179.9 (10.2) 182 (172.185) – – 0.820++

MONO MEAN-C

1st day 119.5 (4,9) 120.5 (117-123) 120.2 (8.4) 121 (118-125) 123.9 (3.8) 123 (121.5-
125.5)

<0,001+

3rd day 120.9 (3,1) 123 (119-123) 122.3 (5.2) 124 (120.5-125.5) – – 0.030++

5th day 122.6 (3.3) 123 (120.5-124.5) 114.7 (17.2) 121 (116-125) – – 0.526++

MDW

1st day 26.3 (2.9) 26.1 (25.1-28,8) 28.8 (5.4) 29.6 (24.8-32.4) 22.6 (2.3) 22.2 (21.2-24.2) <0.001+

3rd day 25.7 (3.3) 25 (23.5-27.3) 27.8 (4.8) 28.4 (23.5-31,1) – – 0.213++

5th day 23.3 (2.3) 23.5 (21.6-24.5) 29.1 (6.6) 29.2 (24.6-32.1) – – 0.003++

MONO Sd-C

1st day 12.6 (11.7) 6.9 (4.8-14.6) 15.1 (12.3) 9.4 (5.4-20.3) 7.3 (4.9) 5.4 (4.8-6.3) <0.001+

3rd day 25 (41.7) 6.6 (4.6-21) 13.8 (9.6) 11.1 (8.3-16,4) – – 0.153++

5th day 6.8 (6.3) 5.3 (4.9-5.5) 17.4 (18.1) 7 (5.1-24.1) – – 0.104++

+Kruskal–Wallis test; ++Mann–Whitney test 

contrast, MONO MEAN-C on day 3 and MDW on day 5 were 
significantly greater in the septic shock group.

Some other indicators that are currently used to predict 
sepsis have been measured, and the results are shown in 
Table 4.

LAC, PCT, TNF-a, IL-6, and CRP values were significantly 
lower in febrile patients compared to septic patients (sepsis 
and septic shock).

In febrile cases, no significant correlation was found 
between ΜΟΝΟ MEAN-V, MDW, MONO MEAN-C, MONO 
Sd-C and LAC, PCT, TNFa, IL-6, CRP, and NLR values on the 1st 
day (results are shown in Table 5). 

In contrast, in sepsis cases, it was found that greater LAC, 
PCT, and CRP values were significantly associated with greater 
MONO MEAN-V and greater TNFa values with lower MONO 
MEAN-V.In addition, greater TNFa and lower NLR were sig-
nificantly associated with greater MONO Sd. Furthermore, 
greater PCT, CRP, and NLR, as well as lower TNFa and IL-6 lev-
els, were significantly associated with greater MDW. Lower 
TNFa and greater NLR were significantly associated with 
greater MONO-SdC.

In septic shock cases, greater TNFa values were signifi-
cantly associated with lower MONO MEAN-V and higher 
MDW and MONO Sd-C. Also, greater IL-6 values were sig-
nificantly associated with lower MONO MEAN-V and higher 
MDW.

The predictive ability of MONO MEAN-V, MONO MEAN-C, 
MDW, and MONO Sd-C between febrile and septic events 
during the first day was examined via ROC curves, the results 
of which are presented in Table 6. All factors had a signifi-
cant predictive ability. More specifically, for MEAN–V, the 
optimal cut-off was set at 180.5, with 72.1% sensitivity and 
48.5% specificity. For MEAN-C, the optimal cut-off was set at 
120.5, with 48.5% sensitivity and 88.2% specificity. For MDW, 
the optimal point was 25.1, with 75.0% sensitivity and 91.2% 
specificity, and for MONO Sd-C, the optimal point was 6.9, 
with 58.8% sensitivity and 80.9% specificity.

Discussion
Our results indicated that MDW, a biomarker that can 

be easily measured using a common CBC test, can be used 
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for the detection of sepsis. The MDW and other correlated 
parameters, such as MONO MEAN-V and MONO MEAN-C 
mono, can be easily calculated from the CBC (42). This could 
be of crucial importance since the management of patients 
with sepsis remains a major problem in clinical practice.

Studies have shown the importance of MDW in detecting 
sepsis as a reliable diagnostic marker for the early detection 
of sepsis compared to classic biomarkers, such as PCT and 
CRP, in various patient populations (13,32-34,36,38,44-60) 
published a score incorporating the modified early warning 
score (MEWS), neutrophil-to-lymphocyte ratio (NLR), MDW, 
and CRP, and showed that MEWS ≥3 with white blood cell 
(WBC) count ≥11 × 109/L, NLR ≥8, and MDW ≥20 demon-
strated the highest diagnostic accuracy in all age subgroups 
in detecting sepsis in an early stage (61) suggested the incor-
poration of MDW along with NLR and PLR to improve sepsis 
scores. Early detection of sepsis is crucial because it is associ-
ated with the early initiation of broad-spectrum antibiotics, 
which can be lifesaving for patients with sepsis (43). In con-
clusion, the value, mainly, of MDW as a biomarker for sepsis 
prediction in comparison with existing sepsis biomarkers was 
confirmed in this study as well as in other similar studies (43).

In our study, MDW, MONO MEAN-V, MONO Sd-C, and 
MONO MEAN-C acted as biomarkers for the diagnosis of 
sepsis since septic patients had significantly higher values of 
MDW, MONO MEAN-V, MONO Sd-C, and significantly lower 
MONO MEAN-C, on the first day. In addition, our study did 
not find significant differences in the abovementioned bio-
markers between septic and septic shock patients on the first 
day. Τhe above indicates that these biomarkers could be very 
useful tools for the early diagnosis of sepsis. Furthermore, 
significant differences were found between septic and sep-
tic shock patients for MONO MEAN-C on day 3 and MDW on 
day 5, indicating that some monocyte parameters could also 
be useful tools for the diagnosis of septic shock. These find-
ings are in line with those of other studies that suggest the 
use of MDW in combination with WBC for the diagnosis of 
sepsis (58,63). Furthermore, our findings are in agreement 
with other studies that have found that increased monocyte 
parameters, such as MDW or MONO MEAN-V, contribute to 
the early diagnosis of sepsis (33,64,65). The same applies to 
MONO MEAN-C, as other studies have found what we have 
found, that septic patients have significantly lower values of 
MONO MEAN-C.

TABLE 4 - LAC, CRP, PCT, TNFa, IL-6, and NLR values by outcome. Values of p < 0.05 are marked in bold

  Outcome P

Febriles (n = 68, 50%) Sepsis and septic shock (n = 68; 50%)

n Mean (SD) Median (IQR) n Mean (SD) Median (IQR)

LAC (mmol/L)              

   Day 1 68 1.34 (0.51) 1.35 (1-1,8) 68 5.26 (3.29) 4.45 (3.1-6,8) <0.001

   Day 3 0 – – 49 3.6 (3) 2.8 (2.2-4.1) –

   Day 5 0 – – 49 2.78 (2.55) 1.8 (1.2-3.2) –

CRP (mg/L)            

   Day 1 68 151.28 (108.61) 135.5 (67-248.84) 68 202.18 (121.98) 169 (106-259.5) 0.017

   Day 3 0 – – 51 170.22 (97.01) 149 (90-234) –

   Day 5 0 – – 50 144.42 (105.89) 123 (66-188) –

PCT (ng/L)            

   Day 1 68 0.47 (0.57) 0.28 (0.07-0.8) 68 22.19 (29.08) 4.7 (1.12-43.5) <0.001

   Day 3 0 – – 51 11.38 (16.77) 4.62 (0.89-15.76) –

   Day 5 0 – – 48 7.98 (18.84) 2.44 (0.51-6.01) –

TNFa (pg/mL)            

   Day 1 67 69.16 (20.57) 62.9 (54.4-84.4) 68 104.86 (31.43) 101 (76.15-135.5) <0.001

   Day 3 0 – – 46 48.37 (55.02) 16.5 (15.2-129) –

   Day 5 0 – – 43 33.84 (57.67) 5.2 (3.7-5.9) –

IL-6 (pg/mL)            

   Day 1 67 20.16 (10.12) 17.9 (12.9-26.1) 68 63.53 (46.34) 51.25 (4.1-108.4) <0.001

   Day 3 0 – – 46 42.65 (44.58) 40.15 (3-103.2) –

   Day 5 0 – – 44 80.01 (27.37) 80.85 (58.45-100.7) –
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TABLE 5 - LAC, CRP, PCT, TNFa, IL-6, and NLR values by outcome. Values of p < 0.05 are marked in bold 

      MONO MEAN-V MONO MEAN-C MDW MONO Sd-C

Febriles LAC (mmol/L) rho −0,13 0.05 −0.03 0.16

P 0.305 0.714 0.839 0.182

PCT (ng/L) rho −0.08 −0.08 −0.04 0.00

P 0.503 0.500 0.729 0.971

TNFa (pg/mL) rho −0.10 −0.02 0.06 0.08

P 0.413 0.867 0.616 0.540

IL-6 (pg/mL) rho −0.12 −0.04 0.03 0.08

P 0.324 0,743 0.835 0.518

CRP (mg/L) rho −0.18 0.00 0.06 0.11

P 0.137 0.990 0.655 0.379

NLR rho −0.16 −0.17 −0.04 0.07

P 0.202 0.166 0.748 0.557

Sepsis LAC (mmol/L) rho 0.57 0.05 0.42 0.24

P 0.006 0.841 0.053 0.276

PCT (ng/L) rho 0.63 −0.07 0.52 0.06

P 0.002 0.760 0.014 0.792

TNFa (pg/mL) rho −0.45 0.42 −0.61 −0.43

P 0.037 0.050 0.003 0.046

IL-6 (pg/mL) rho −0.26 0.37 −0.48 −0.35

P 0.243 0.087 0.023 0.106

CRP (mg/L) rho 0.50 −0.16 0.48 0.22

P 0.017 0.485 0.023 0.334

NLR rho 0.26 −0.53 0.69 0.51

P 0.233 0.011 <0.001 0.015

Septic shock LAC (mmol/L) rho 0.10 0.04 0.39 0.27

P 0.528 0.777 0.007 0.075

PCT (ng/L) rho 0.09 −0.07 0.19 0.22

P 0.535 0.660 0.204 0.146

TNFa (pg/mL) rho −0.34 −0.23 0.34 0.30

P 0.019 0.121 0.020 0.045

IL-6 (pg/mL) rho −0.31 −0.17 0.37 0.28

P 0.038 0.262 0.012 0.064

CRP (mg/L) rho 0.20 −0.18 0.21 0.11

P 0.183 0.233 0.152 0.469

NLR rho −0.09 0.08 −0.22 −0.02

P 0.540 0.605 0.138 0.903

In our study, the significant predictive ability of MONO 
MEAN-V, MONO MEAN-C, MDW, and MONO Sd-C was found 
via ROC analysis. For MONO MEAN-V, the optimal cut-off was 
found to be 180.5, with a sensitivity of 72.1% and specificity 
of 48.5%. For MONO MEAN-C, it was found to be 120.5, with 
a sensitivity of 48.5 % and specificity of 88.2 %. For MDW, 

the optimal cut-off was found to be 25.1, with a sensitivity 
of 75.0% and specificity of 91.2%, and for MONO Sd-C was 
found to be 6.9, with a sensitivity of 58.8 % and specificity of 
80.9%. The cut-off of MDW is in line with other studies that 
find cut-offs of 20-25 units for the detection of sepsis, with 
values >25 generally indicating higher severity (49). Overall, 
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our results point out that MDW is an independent predictor 
of outcomes in septic patients administered in the ICU. The 
predictive value of MDW in the diagnosis of sepsis has been 
confirmed, and it is demonstrated why researchers are now 
focusing on this particular marker, as it is a monocyte param-
eter that can provide a low-cost, rapid, and reliable solution 
for the diagnosis of sepsis.

Αs mentioned above, patients with hematological malig-
nancies or those undergoing recent chemotherapy or tak-
ing medications affecting the monocyte population, such 
as injectable growth factors, were excluded from our study. 
Αlso, pediatric cases were excluded due to the non-availabil-
ity of pediatric clinics in the two survey hospitals. Moreover, 
the sample could have been bigger, but due to the limitations 
of COVID-19, this was not possible. More research should be 
carried out in the future. For example, the diagnostic abil-
ity of the MDW in pediatric cases and the correlation of the 
diagnostic ability of the MDW with various pathogenic fac-
tors should be clarified. Also, it would be useful to compare 
the results of our research with those of studies where the 
sample is larger.
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ABSTRACT
Introduction: Blood biomarkers play a crucial role in the diagnosis and prognosis of tumor. The present research 
was designed to study the diagnostic effect of serum biomarkers, namely carcino-embryonic antigen (CEA), can-
cer antigen 15-3 (CA15-3), and plasma biomarker viz., circulating cell-free DNA (cfDNA); and their correlation with 
cytological and histopathological results. 
Methods: A total of 60 blood samples were collected. Out of which 36 samples were from the dogs affected with 
canine mammary tumors, and 24 samples were from the apparently healthy dogs. CEA and CA15-3 were esti-
mated using Sandwich ELISA, and cfDNA was estimated by the ccfDNA kit. A significant Positive correlation was 
observed between tumor blood biomarker levels, cytology and histopathological grades of the tumors.
Results: We found that CA15-3 can be a more effective serum tumour biomarker than CEA for diagnosing canine 
mammary gland tumours. This finding showed a positive correlation with the clinical grade of the disease. The 
concentration of serum markers and cfDNA in animals affected with malignant mammary gland tumours was 
higher compared to the benign entity of tumours and healthy control groups. The ROC curve analysis revealed 
that the sensitivity (Se) and specificity (Sp) of CEA and CA15-3 biomarkers improved when used together. IN 
comparison to healthy controls, canines with both benign and malignant neoplasia showed significantly higher  
(p < 0.05) cfDNA concentrations. 
Conclusion: This study highlights the role of blood tumor biomarkers for routine screening of animals in early 
diagnosis of tumors, further treatment, and prognosis. 
Keywords: CA15-3, CEA, cfDNA, Cytology, Histopathology, Mammary gland tumors 

Introduction
Cancer is the most common ailment and the leading 

cause of death in aged canines and humans despite advances 
in cancer therapies (1). According to the World Health 
Organization, cancer was responsible for nearly one in six 
deaths globally in 2020, underscoring its status as a major 
health burden for both humans and animals. Among the 
various types of cancer, breast cancer is one of the most 
commonly diagnosed malignancies in women, with its inci-
dence continuing to rise due to a combination of genetic 

predispositions and environmental influences (2). Similarly, in 
female dogs, canine mammary gland tumours (CMTs) repre-
sent the second most common cause of tumour-related mor-
tality, with fatality rates ranging from 50% to 75%, depending 
on the tumour type, stage of disease, and the treatment regi-
men employed (3). Notably, Canine mammary gland tumours 
(CMTs) exhibit significant morphological, behavioural, and 
genetic similarities to human breast cancer, making dogs 
a valuable comparative model for studying the disease in 
terms of diagnosis, prognosis, and therapeutic interven-
tion  (4). Early detection of cancer is critical for improving 
survival outcomes. Tumour markers have emerged as vital 
tools in the early screening, prognostication, and monitoring 
of therapeutic responses in malignancies (5). These biomark-
ers may be produced directly by tumour cells or elicited in 
the host as a response to tumour presence. An ideal tumour 
marker is characterized by high sensitivity and specificity, 
enabling the accurate detection of malignancy at an early 
stage to facilitate timely clinical intervention and enhance 
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screening efficacy (6). Carcino-embryonic antigen (CEA) is a 
glycoprotein expressed in the gastrointestinal mucosa and in 
low concentrations in epithelial cell membranes. It is mark-
edly overexpressed in various malignancies, including those 
of the colon, breast, and lung (7). CEA contributes to inter-
cellular adhesion and is clinically valuable in cancer diag-
nosis, staging, recurrence detection, and the monitoring of 
therapeutic responses, particularly during chemotherapy (8). 
Cancer antigen 15-3 (CA15-3) is a mucinous glycoprotein 
that belongs to the MUC1 family. During malignant trans-
formation, CA15-3 is overexpressed on the cell membrane 
and in the cytoplasm. In this state, MUC1 can function as 
an anti-adhesive molecule, promoting tumour cell detach-
ment, invasion, and metastasis  (9). Additionally, circulating 
cell-free DNA (cf-DNA), which consists of extracellular nucleic 
acid fragments released by tumour cells through apopto-
sis, necrosis, or active secretion, holds promise as a mini-
mally invasive biomarker for early cancer detection. Under 
physiological conditions, cf-DNA levels remain low, but they 
increase significantly in various pathological states, includ-
ing inflammation, diabetes, and cancer (10). The aim of this 
study is to evaluate the diagnostic and prognostic potential 
of the combined detection of blood-based biomarkers—CEA, 
CA15-3, and cf-DNA—in canine mammary gland tumours. 
This combinatorial approach is expected to enhance sensitiv-
ity and specificity in early diagnosis and case prognosis.

Materials and Methods
Sample Collection

Samples for this prospective study were collected during 
the period from January 2024 to October 2024 from the ani-
mals presented at the Veterinary Clinical Complex, Pandit Deen 
Dayal Upadhyaya Pashu Chikitsa Vigyan Vishwavidyalaya Evam 
Go-Anusandhan Sansthan, Mathura (DUVASU), Mathura, UP, 
India. A total of sixty blood samples of dogs were collected 
with the owner’s consent. Out of these, thirty-six are from 
dogs affected with canine mammary tumours, and twenty-
four were from healthy dogs. The study was approved by the 
Institutional Animal Ethics Committee, DUVASU, Mathura, 
India, with certification No. IAEC/22/2/4 and letter No. 145/
IAEC/24/1/27, dated 05-03-2024. All selected cases subjected 
to a thorough clinical examination and owner’s contact infor-
mation;  age, sex; breed and body weight of animals; location 
of the lesion(s); number of mammary glands involved; size of 
the affected gland; colour, texture, and consistency of the neo-
plastic growth; duration of the illness; history of prior inflam-
mation or injury; history of parity and spaying were recorded. 
Ultrasonographic and/or radiographic examinations carried 
out to determine the spread of tumour to distance lymph 
nodes and visceral organs. Out of 36 selected neoplastic cases, 
31 cytology, 36 serum, 36 plasma, and 21 tissue samples were 
obtained for examinations (Table 1).

TABLE 1 - Clinical history of cases showing occurrence of canine mammary tumor (n = 36) 

Case 
No.

Breed Age Body wt. No. of glands 
affected

Gland effected Size (cm) Consistency

1. Labrador 11 yrs. 41 Kg 2 Right inguinal & right caudal 
abdominal 5−6 cm Hard

2. Rottweiler 4 yrs. 36 Kg 4
Left & right Inguinal  4−5 cm

Soft
Left & right caudal abdominal 2−3 cm

3. Beagle 8 yrs. 11 Kg 2 Left & right Inguinal 6−7 cm Soft

4. German 
Shepherd 9 yrs. 39 Kg 1 Left caudal abdominal 4−5 cm Semi-hard

5. German 
Shepherd 12 yrs. 42 Kg 2 Left & right caudal thoracic 12−13 cm Semi-hard

6. Rottweiler 9 yrs. 45 Kg 1 Left inguinal 4−5 cm Semi-hard

7. Indian Spitz 11 yrs. 10 Kg 1 Left inguinal 7−8 cm Semi-hard

8. Pomeranian 9 yrs. 6 Kg 1 Right inguinal 9−10 cm Soft

9. Indian Spitz 11 yrs. 9 Kg 1 Left inguinal 5−6 cm Soft

10. German 
Shepherd 3 yrs. 38 Kg 1 Left cranial abdominal 4−5 cm. Semi-hard

11. Indian Spitz 10 yrs. 8 Kg 1 Right inguinal 5−6 cm. Hard

12. Labrador 2.5 yrs. 41 Kg 1 Left inguinal 7−8 cm. Semi-hard 

13. German 
Shepherd 3 yrs. 41 Kg 1 Left caudal abdominal 5−7 cm. Semi-hard

14. Labrador 4 yrs. 46 Kg 1 Left inguinal 7−8 cm. Hard

15. Non-descript 12 yrs. 36 Kg 1 Left inguinal 2−3 cm. Semi-hard

16. German 
Shepherd 6 yrs. 47 Kg 2 Right inguinal & caudal abdominal 15−18 cm. Semi-hard to 

hard
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Blood collection

Peripheral blood samples were aseptically collected 
from the cephalic or saphenous vein of dogs using sterile, 
single-use 5 mL vacutainer tubes. A total of 4 mL of blood 
was collected from each subject, divided equally between 
two vacutainers depending on the intended analysis. For 
cfDNA quantification, 2 mL of blood was drawn into an 
EDTA-coated vacutainer to prevent clotting. The sample 
was gently inverted several times to ensure proper mix-
ing with the anticoagulant. These samples were processed 
immediately. Plasma was separated by centrifugation at 
3500 × g for 10 minutes at room temperature. The super-
natant (plasma) was carefully aspirated and transferred into 
a sterile, labelled plain 2 mL micro-centrifuge tube. Plasma 
samples were stored at −80°C until cfDNA extraction. cfDNA 
was isolated using the QIAamp MinElute ccfDNA Mini Kit 
(QIAGEN, Germany; Catalogue No. 55204). For estimation of 
serum tumour biomarkers— CEA and CA15-3, an additional 
2 mL of blood was collected into plain vacutainer tubes with-
out anticoagulant. These samples were allowed to clot at 
room temperature, and the serum was separated out after 
clotting of the blood. The resulting serum was transferred 

to labelled sterile 2 mL micro-centrifuge tubes and stored at 
−80°C until further analysis. CEA concentrations were mea-
sured using a canine-specific Carcinoembryonic Antigen 
ELISA Kit (Bioassay Technology Laboratory, Shanghai, China; 
Catalogue No. E0157Ca), while CA15-3 levels were deter-
mined using a Canine Carbohydrate Antigen 15-3 ELISA Kit 
(Bioassay Technology Laboratory, Shanghai, China; Catalog 
No. E0156Ca). All plasma and serum samples were appropri-
ately labelled with animal identification, date of collection, 
and sample type, and stored at −80°C until further use. 

Fine needle aspiration cytology (FNAC)

Prior to sampling, strict aseptic protocols were followed. 
The overlying skin of the affected mammary gland region was 
clipped and cleansed thoroughly using sterile gauze swabs 
soaked in 70% isopropyl alcohol. The area was allowed to 
air-dry to ensure complete disinfection and reduce the risk of 
contamination during aspiration. Fine needle aspiration (FNA) 
was performed using a 22-gauge sterile needle attached to a 5 
mL disposable syringe. The needle was carefully inserted per-
cutaneously into the mammary gland mass, targeting the cen-
tral region of the growth. Multiple passes (2-3) were made in 

Case 
No.

Breed Age Body wt. No. of glands 
affected

Gland effected Size (cm) Consistency

17. German 
Shepherd 9 yrs. 38 Kg 2 Left & right inguinal 9−10 cm. Soft

18. German 
shepherd 10 yrs. 43 Kg 1 left inguinal 8−9 cm. Semi-hard

19. Indian Spitz 8 yrs. 10 Kg 1 Right cranial abdominal 2−3 cm. Soft

20. German 
shepherd 6 yrs. 44 Kg 2 Left cranial abdominal 7−8 cm. Semi-hard

21. Pomeranian 5 yrs. 8 Kg 1 Right inguinal 5−6 cm. Hard

22. Pomeranian 8 yrs. 9 Kg 1 Left inguinal 8−9cm. Semi-hard

23. Non-descript 8 yrs. 42 Kg 2 Left inguinal & caudal abdominal 6−7 cm. Semi-hard

24. Non-descript 7 yrs. 21 Kg 2 Right inguinal & caudal abdominal 10−11 cm. Semi-hard

25. German 
shepherd 9 yrs. 40 Kg 1 Right caudal abdominal 3−4 cm. Soft

26. Rottweiler 4 yrs. 32 Kg 1 Left inguinal 6−7 cm. Soft

27.  Non-descript 8 yrs. 19 Kg 1 Right cranial thoracic 5−6 cm. Hard

28.  Non-descript 13 yrs. 39 Kg 1 Right caudal thoracic 4−5 cm. Semi-hard

29. Great dane 1.5 yrs. 34 Kg 1 Right cranial thoracic  7−8 cm. Soft

30. Rottweiler 8 yrs. 42 Kg 1 Left cranial thoracic 5−7 cm Soft to semi-hard

31. Non-descript 8 yrs. 37 Kg 1 Left cranial abdominal 3−4 cm Soft 

32. Rottweiler 8 yrs. 41 Kg 2 Left & right caudal abdominal 8−9 cm Semi-hard

33. Labrador 10 yrs. 46 Kg 1 Right cranial abdominal 3−4 cm Semi-hard

34. Non-descript 7 yrs. 17 Kg 4
Right & left caudal thoracic 7−8 cm

Semi-hard
Left cranial & caudal abdominal 2−3 cm

35. Pomeranian 7 yrs. 9 Kg 1 Left inguinal 4−5 cm Soft to semi-hard

36. German 
shepherd 9 yrs. 65 Kg 2 Right inguinal & caudal abdominal 13−15 cm Semi-hard
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different directions within the same insertion site to ensure 
representative sampling of the lesion. Negative pressure was 
applied gently to aspirate cellular material into the syringe. 
Care was taken to minimize blood contamination and ensure 
adequate cellularity. Upon obtaining the aspirate, the needle 
was detached from the syringe, and a small volume of air was 
drawn into the syringe. The needle was then re-attached, 
and the aspirated material was expelled onto a clean, dry, 
grease-free glass microscope slide. Using another slide, a thin 
smear was prepared. The prepared smears were stained with 
Giemsa stain following standard cytological staining proto-
cols. Stained slides were then examined under a light micro-
scope for cytomorphological evaluation of the neoplastic 
cells. Parameters such as cellularity, nuclear pleomorphism, 
chromatin pattern, nucleolar prominence, mitotic activity, 
and cytoplasmic features were assessed. Cytological grading 
of the mammary tumor was conducted based on the criteria 
outlined in Robinson’s grading system, which provides a stan-
dardized method for classifying canine mammary tumours 
according to cytological features indicative of tumour aggres-
siveness and malignancy (11).

Histopathology

This technique is considered a gold standard for deter-
mining the changes in tissue and identification of tumour 
types, and the grade of malignancy. Tissue samples obtained 
from the mammary gland masses were immediately fixed in 
10% neutral buffered formalin (NBF) for a minimum of 24 
to 48 hours to ensure optimal preservation of cellular and 
tissue morphology. Following fixation, tissues were sub-
jected to standard histological processing, which involved 
dehydration through a graded series of ethanol (70%, 80%, 
95%, and absolute), clearing in xylene, and embedding in 
paraffin wax. Paraffin-embedded tissue blocks were sec-
tioned at a thickness of 4-5 µm using a rotary microtome. 
Sections were mounted onto clean, albumin-coated glass 
slides and allowed to dry, followed by deparaffinization in 
xylene and rehydration through a descending alcohol series 
(absolute, 95%, 70%) to distilled water. The slides were 
then stained with Harris’s Hematoxylin for 5-10 minutes to 
visualize nuclear detail, followed by rinsing in running tap 
water. Differentiation was performed using 1% acid alcohol. 
Subsequently, slides were counterstained with Eosin Y for 
1-2 minutes to stain the cytoplasm and extracellular matrix. 
Finally, the stained sections were dehydrated through 
ascending grades of alcohol, cleared in xylene, and mounted 
with a coverslip using a resinous mounting medium. The 
prepared slides were then examined under a light micro-
scope for histopathological evaluation of tumor architecture 
and cellular characteristics (12). The histopathological sec-
tions were then analyzed and classified based on the criteria 
established by Goldschmidt et al. (13), classification criteria, 
and histopathological grading of CMTs based on the Elston 
and Ellis system of classification (14).

Statistical Analysis

Statistical analysis was performed using SPSS 27.0 soft-
ware. A general linear model of one-way ANOVA based on 
Fisher’s Least Significant Difference method was used, and 

significant values were further analyzed using Duncan’s 
Multiple Range Test. Results are expressed as mean ± stan-
dard error (SE). Statistical significance was set at p < 0.05, 
while p < 0.01 was considered highly significant.

The sensitivity, specificity, and accuracy of tumour mark-
ers in the diagnosis of canine mammary gland tumours are 
as follows:

Sensitivity = (True positive/True positive + False negative)
Specificity = (True negative/True negative + False positive)
Accuracy = �(True positive + True negative)/(True positive + 

True negative + False positive + False negative)

The boundary value of the tumour markers is defined by 
the method of the receiver operating characteristic curve of 
the subject, or ROC curve. The higher the area under the curve 
(AUC), the higher the diagnostic value. Accuracy reaches its 
highest when AUC > 0.9. Specificity and sensitivity of tumour 
markers in canine mammary gland tumours evaluated using 
the ROC curve. The area under the curve (AUC) 1.0 is consid-
ered the ideal index. There is no diagnostic value if AUC < 0.5.

Results 
Epidemiological characteristics of mammary gland tumours 
in dogs

A total of eight dog breeds with mammary gland tumours 
were included, and the results showed that German 
Shepherds had the highest incidence of canine mammary 
tumours (27.77%), with pure breeds being the most affected. 
Animals older than seven years of age were frequently 
affected. The 7-12 years age group had the highest incidence 
of tumours (19/36 – 52.7%). In comparison to the anterior 
pairs of mammary glands, the posterior pairs had a higher 
frequency of tumors, inguinal (47.06%), caudal abdomi-
nal (25.49%), cranial abdominal (11.76%), caudal thoracic 
(9.80%), and cranial thoracic (5.89%) glands were involved in 
decreasing order. Only four animals (11%) out of the 36 ani-
mals in the current study had undergone spaying. 

Cytology

Based on cytology, tumours classified as grade 1 were 
deemed benign, whereas grade 2 or 3 were deemed malig-
nant (15). The maximum sample was from the grade II cat-
egory (65%) (Fig. 1b), followed by grade I (29%) (Fig. 1a) 
and then grade III (6%) (Fig. 1c). A total of 31 samples were 
graded out of which 22 are of epithelial origin and nine are of 
mesenchymal origin.

Histopathology

In the present study, 81% of tumours were classified as 
malignant, while 19% as benign on histopathology. The most 
common type of malignant mammary tumours was carci-
noma mixed type accounted for 20% of malignant tumours 
(Fig. 2a), whereas the most common type of benign tumor 
was fibroadenoma accounted for 50% of all benign tumours 
(Fig. 2b). The other common tumors are shown in Figures 
2c, d, and e. The normal histological structure of the canine 
mammary gland is shown (Fig. 2f). On the basis of grading, 
80% of tumors belonged to the grade II category.
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Level of CEA, CA15-3, and cfDNA biomarkers

Results showed that the serum levels of CEA and CA15-3 
in the malignant group were significantly higher than the 
healthy controls (p < 0.05) (Figs 3a and b). cfDNA level in 
plasma of malignant mammary gland tumour group was 
also significantly higher than that of benign mammary gland 
tumour group and healthy control group (p < 0.05) (Fig. 3c). 
Univariate analysis showed that serum CA15-3, CEA, and 
plasma cfDNA concentrations were significantly Higher in 
dogs with lymph node invasion, metastasis, and histologic 
grading (Table 2).

Sensitivity, specificity of single and combined detections of 
CA15-3, CEA, and cfDNA 

The individual detection sensitivity for tumour biomarkers 
revealed that circulating free DNA (cfDNA) had the highest 
sensitivity at 78.9%, followed by CA15-3 and CEA, with sensi-
tivities of 70.3% and 65.2%, respectively (Table 3). Similarly, 
cfDNA demonstrated the highest specificity (72.7%), whereas 
CA15-3 and CEA showed lower specificities of 56.5% and 
43.2%, respectively. When the three biomarkers—CA15-3, 
CEA, and cfDNA—were used in combination, the sensitivity 
and accuracy increased to 80.0% and 78.0%, respectively, 

FIGURE 1 - Cytological obser-
vation of different mammary 
gland tumours in dogs (Geimsa 
Stain, 1000X). (a)  Mildly ple-
omorphic cells arranged in 
clusters, Grade I; (b) singly ar-
ranged cells with vacuolated 
cytoplasm, Grade II; (c) Mixed 
population of pleomorphic cells 
showing karyokinesis stage,  
Grade III.

FIGURE 2 -  Histopathological 
observation of different mam-
mary gland tumours in dogs 
(HE Staining, 200X). (a) Carcino-
ma Mixed Type; (b) Fibroade-
noma; (c) comedocarcinoma; 
(d)tubulo-papillary carcinoma; 
(e) squamous cell carcinoma; 
(f) Healthy mammary gland. 

TABLE 2 - Serum CEA, CA15-3, and plasma cfDNA concentration of control and canine mammary gland tumor conditions

GROUPS CEA (ng/L) CA15-3 (kU/L) CfDNA concentration (ng/µL)

Mean ± SE 95%CI Mean ± SE 95% CI Mean ± SE 95% CI

CONTROL 610.29±40.69a 520.73-699.85 1.49 ± 0.14a 1.17-1.82 4.667±0.4851a 3.599-5.734

BENIGN 690.95±74.88ab 518.26-863.64 2.74 ± 0.38b 1.86-3.62 8.089±0.2756b 7.453-8.724

MALIGNANT 899.60±70.69bc 753.00-1046.20 3.85 ± 0.21c 3.41-4.29 14.900±0.6040c 13.647-16.153

METASTATIC 1199.64±235.64d 450.03-1949.24 5.57 ± 1.13d 1.95-9.19 25.775±1.914d 19.682-31.868

CEA: Carcinoembryonic antigen, CA15-3 : Cancer Antigen 15-3, cfDNA: Cell free DNA.
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surpassing the diagnostic performance of any individual bio-
marker. However, the specificity of the combined detection 
(68.0%) was lower than that of cfDNA alone. These findings 
indicate that the combined detection of CA15-3, CEA, and 
cfDNA improves overall diagnostic performance and may 
serve as a more effective approach for the diagnosis of canine 
mammary gland tumours compared to single biomarker 
detection.

TABLE 3 - Sensitivity, specificity of single and combined detections 
of serum CA15-3, CEA, and plasma cfDNA 

Tumor Markers Sensitivity 
(%)

Specificity 
(%)

Accuracy 
(%)

CEA 65.2 43.2 51.6

CA15-3 70.3 56.5 65.0

cfDNA 78.9 72.7 76.6

CEA + CA15-3 79.4 65.4 73.3

CEA+ CA15-3+ cfDNA 80.0 68.0 78.0

Determination of the area under the ROC of CA15‑3, CEA 
after single and combined detection

In order to assess the value of tumor markers in the diag-
nosis of canine mammary gland tumors (CMGTs), a receiver 
operating characteristic (ROC) curve was used and deter-
mine the area under the curve (AUC). According to Table 4 
and Figures 4a to c, each tumour marker demonstrated diag-
nostic significance for canine mammary gland tumours, with 
all AUC values exceeding 0.5. Among the individual mark-
ers, CA15-3 showed the highest diagnostic accuracy (AUC = 
0.823), followed by CEA (AUC = 0.756). When the two serum 
tumour markers were combined (CEA + CA15-3), the diag-
nostic performance further improved, yielding the highest 
AUC value (AUC = 0.875). Overall, the combined detection 

of biomarkers provided a significantly higher diagnostic accu-
racy compared to the use of individual markers.

TABLE 4 - The area under the ROC curve of CEA, CA15-3, and  
CEA + CA15-3

Tumor Markers AUC p-value 95% CI

CEA 0.756 <0.05 0.613-0.899

CA15-3 0.823 <0.05 0.706-0.939

CEA + CA15-3 0.875 <0.05 0.806-0.945

Discussion
Cancer remains a major cause of mortality in both humans 

and canines, with mammary gland tumors being the most fre-
quently diagnosed neoplasms in female dogs. Early detection 
of these tumours significantly improves prognosis and survival 
rates. The current study focused on evaluating the diagnostic 
potential of serum biomarkers—carcinoembryonic antigen 
(CEA) and cancer antigen 15-3 (CA15-3)—and plasma cell-free 
DNA (cfDNA), in relation to cytological and histopathological 
findings in canine mammary gland tumors (CMTs). 

Breed distribution in our study varied, reflecting geo-
graphical differences in breed predisposition. Purebred dogs 
showed a higher incidence of mammary tumours, suggest-
ing a genetic component in tumour susceptibility (16,17). 
Cytological grading revealed that benign tumours were more 
common in dogs aged 5-7 years, while malignant tumours 
peaked between 8-12 years, supporting the hypothesis that 
age-related accumulation of tumorigenic factors may con-
tribute to malignancy (17,18). The caudal mammary glands 
were more frequently affected than the cranial glands, with 
a higher incidence on the right side of the body. This may be 
due to the larger size and increased hormonal sensitivity of 
the caudal glands, particularly to estrogen, making them more 

a b c

FIGURE 3 - Expression levels of CEA, CA15-3 in serum and cfDNA in plasma of canine mammary tumor. (a) Serum CEA levels of the malignant 
tumor group, the benign tumor group, and the healthy control group. (b) Serum CA15-3 levels of the three groups. (c) Plasma cfDNA levels 
of the three groups. Note: *p < 0.05 showed a significant difference, **p < 0.01 showed an extremely significant difference.
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prone to proliferative changes (19). Fine needle aspiration 
cytology (FNAC) was used for sample collection, with most 
tumours (65%) falling into grade II (17,20,21). While cytol-
ogy and histopathology remain gold standards for tumour 
classification, they require skilled personnel, invasive tissue 
sampling, and can be time-consuming and costly. In contrast, 
serum and plasma-based biomarkers such as CEA, CA15-3,  
and cfDNA offer a less invasive, quicker, and potentially 
more cost-effective alternative. CEA levels were significantly 
elevated in malignant tumours (22), particularly those with 
lymph node involvement, larger size, and distant metastasis 
(23,24). Conversely, no significant difference was detected 
between the benign and healthy control group (25). A notable 
decline in CEA levels post-mastectomy suggests its potential 
role as a marker for early detection of relapse or metastasis. 
However, CEA alone is not highly specific, as some malignant 
cases may not exhibit elevated levels, and no significant differ-
ence was noted between benign tumors and healthy controls 
(24). CA15-3 levels were also significantly higher in dogs with 
larger, metastatic tumours and higher histopathological grades 
(26). This marker, a member of the mucin family that detects 
soluble MUC-1 protein, plays a key role in tumour progression 
by promoting angiogenesis, immune evasion, and resistance 
to apoptosis (23). Like CEA, CA15-3 alone lacks high specificity, 
and some tumours may not express it in detectable amounts. 
Importantly, the combination of CEA and CA15-3 significantly 
improved diagnostic sensitivity and specificity compared to 
individual markers (25). This suggests that these biomark-
ers may reflect different biological characteristics or stages 
of tumour development. For instance, some tumours may 
express high levels of CEA but low CA15-3, or vice versa. By 
utilizing both markers, clinicians can improve the overall diag-
nostic accuracy and capture a broader spectrum of tumour pro-
files (27). Despite this, it is essential to acknowledge that even 
in combination, these biomarkers are not highly specific and 
should not be solely relied upon for definitive diagnosis (28).  
Furthermore, cfDNA levels were significantly higher in malig-
nant and metastatic cases compared to benign and healthy 
controls (29,30). The elevated cfDNA in metastatic cases is 

likely due to increased cell turnover, necrosis, and release 
of fragmented DNA from aggressive tumour cells (31,32). In 
human oncology, cfDNA has emerged as a promising non-inva-
sive biomarker for early detection, prognosis, and monitoring 
of treatment response. Unlike tissue-based diagnostics, which 
require skilled personnel and are costly and time-consuming, 
these serum and plasma markers can be detected using rou-
tine blood tests. Although individually not highly specific, their 
combined use significantly improves diagnostic sensitivity. 
Early detection through these markers can reduce the high 
costs associated with late-stage cancer treatment by enabling 
timely intervention. In veterinary medicine, its application as 
a “liquid biopsy” holds promise for reducing the reliance on 
invasive procedures, thereby lowering the overall cost and 
improving the accessibility of cancer diagnostics. Compared 
to cytology and histopathology, the detection of serum and 
plasma biomarkers is generally more accessible and less expen-
sive, especially in settings where advanced histopathological 
infrastructure is limited. Blood-based testing also reduces 
the need for anesthesia, surgical intervention, and repeat 
sampling, thus minimizing patient discomfort and veterinary 
costs. Although these biomarkers lack the diagnostic preci-
sion of histopathology, their integration into routine screening 
protocols could facilitate earlier detection, guide treatment 
planning, and monitor disease progression more effectively. 
While cytology and histopathology remain indispensable for 
definitive tumour characterization, the use of serum CEA, 
CA15-3, and plasma cfDNA as adjunct diagnostic tools offers 
a promising, minimally invasive, and cost-effective strategy for 
early detection and monitoring of canine mammary tumors. 
Their combined application improves diagnostic sensitivity 
and may reduce treatment costs through early intervention 
and reduced reliance on invasive diagnostics. Although CEA, 
CA15-3, and cfDNA are not individually highly specific markers 
for cancer, numerous studies support their combined utility in 
enhancing early detection of tumours, especially in breast and 
gastrointestinal cancers. The rationale is based on the concept 
that multi-marker approaches improve diagnostic perfor-
mance by compensating for the limitations of single markers. 

FIGURE 4 - The ROC curve of single and combined detection in the diagnosis of canine mammary gland tumor. (a) The ROC curves for 
the single detection of CEA. (b) The ROC curves for the single detection of CA15-3. (c) The ROC curves of the combined detection of  
CA15-3+CEA.
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Each marker reflects different aspects of tumour biology. CEA 
is a glycoprotein involved in cell adhesion and is frequently 
elevated in colorectal, breast, and lung cancers. CA15-3, a 
mucin-type glycoprotein, is predominantly associated with 
tumour burden in breast cancer. cfDNA consists of short DNA 
fragments released into the circulation from apoptotic and 
necrotic tumour cells and can harbour tumour-specific genetic 
and epigenetic alterations, including point mutations, meth-
ylation patterns, and copy number variations. When assessed 
in combination, these biomarkers offer complementary infor-
mation: CEA and CA15-3 reflect protein-level changes related 
to tumour burden and inflammatory processes, while cfDNA 
provides molecular insights at the genomic level. This multi-
analyte approach has been shown to improve early detec-
tion capabilities. Therefore, despite their individual limitations 
in specificity, the combined use of CEA, CA15-3, and cfDNA 
increases diagnostic yield through the integration of diverse 
biological signals, supporting their utility as part of a compre-
hensive biomarker panel for early tumour detection.

Conclusion
CA15-3 demonstrated superior diagnostic performance 

compared to CEA and may be considered a more reliable 
tumour marker for the detection of mammary gland tumours. 
Its levels showed a strong positive correlation with tumour 
progression and clinical staging, highlighting its potential util-
ity in both diagnosis and disease monitoring. The combined 
use of CA15-3 and CEA resulted in improved sensitivity and 
specificity compared to either marker alone, indicating that 
their combined assessment may facilitate earlier detection 
and improve prognostic evaluation. Elevated serum levels of 
CA15-3 and CEA, as well as increased concentrations of cir-
culating cell-free DNA (cfDNA) in plasma, were significantly 
associated with decreased survival rates, suggesting their 
prognostic value. Fluctuations in plasma cfDNA and serum 
biomarker levels appear to reflect tumour burden and may 
indicate the presence of cancer-specific genetic alterations. 
Thus, these biomarkers serve as valuable tools for moni-
toring tumour dynamics. Given that liquid biopsy is a mini-
mally invasive diagnostic approach, the routine evaluation of 
cfDNA, CA15-3, and CEA offers a promising strategy for the 
early detection and prognosis of canine mammary tumours. 
When compared with cytological findings and histopathologi-
cal (HP) examination—the current gold standards in cancer 
diagnosis—liquid biopsy-based tumour marker assessment 
offers a non-invasive alternative with the potential for real-
time monitoring. Incorporating serum biomarkers and cfDNA 
analysis into routine clinical practice could facilitate early 
detection, improve treatment planning, and aid in monitoring 
therapeutic response, thereby improving clinical outcomes.
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ABSTRACT
Introduction: The coronavirus is a novel pandemic disease that began in Wuhan, China, and further spread glob-
ally. Therefore, the aim of this retrospective work was to look at the clinical characteristics and outcomes of 
diabetic and blood pressure patients compared with a healthy patient who was infected with coronavirus disease 
(COVID-19). 
Methods: Data and outcomes were gathered from medical records and analyzed in 150 patients. The disease is 
frequently diagnosed via nucleic acid-based viral identification from swabs, sputum, or bronchial alveolar lavage 
fluid (BALF) using diagnostic reagents such as quantitative reverse transcription-polymerase chain reaction 
(RT-qPCR). COVID-19 chest radiographs were obtained, and clinical characteristics and outcomes were evaluated. 
In this study, we analyzed and compared the severity of the disease, its outcome, any associated complications, 
and clinical laboratory findings in COVID-19 patients between diabetic, hypertensive, and healthy individuals. 
Results and Conclusion: According to the findings, COVID-19 can cause a wide range of symptoms, which range 
from asymptomatic to severe respiratory problems and death. Diabetes appears to be one of the most significant 
comorbidities associated with a worse COVID-19 result. COVID-19 patients with diabetes (50 (33%) and hyper-
tension (50 (33%)) had more ICU admissions compared with the non-diabetic and non-blood pressure patients 
(50 (33%)). During the treatment follow-up, 10 (6.6%) of the 150 patients passed away, 140 (93%) were released, 
110 (73%) were discharged, and 30 (20%) kept in the hospital. Compared to non-diabetic and healthy COVID-19 
patients, diabetic COVID-19 patients had a greater mortality rate.
Keywords: Blood pressure, Clinical characteristics, COVID-19, Diabetes mellitus, RT-qPCR 

viruses consist of genetic material encased in a protein shell 
and are microscopic pathogens responsible for common 
infectious diseases such as the common cold, influenza, and 
warts, as well as more severe illnesses like Ebola, the Spanish 
influenza, and COVID-19 (5). 

Diabetes mellitus patients are more susceptible to viral 
and bacterial infections, including those of the respiratory 
tract (6). The lazy leukocyte syndrome, which represents 
impaired leukocyte phagocytosis function, is one of the 
mechanisms responsible for this predisposition (impaired 
immunity) (7). This emphasizes the possibility of a higher risk 
of COVID-19 infection in diabetic cohorts. Diabetes mellitus 
causes microangiopathy, which impairs lung compliance and 
thus affects gaseous exchange, especially in patients over the 
age of 65 and with comorbidities such as diabetes mellitus, 
hypertension, and heart failure (8,9). According to the epide-
miological studies, people with diabetes and hypertension 
are more susceptible to catching some kinds of unusual dis-
eases and are more sensitive to specific consequences when 
infected with pathogens (10,11). 

Introduction 
By December 2019, an unsolved outbreak of extreme 

acute respiratory disease in Wuhan, Hubei Province, China, 
had been reported. The overwhelming majority of these 
instances were associated with a wholesale market special-
izing in human seafood (1). ‘’The Severe Acute Respiratory 
Syndrome – Corona Virus 2 (SARS-CoV-2)’’ is constantly 
changing but still remains poorly understood (2) . Quickly, 
this coronavirus (COVID-19) spread throughout the world 
and caused severe lung inflammation, acute respiratory dis-
tress syndrome (ARDS), cardiac and renal injury (3,4). These 

https://doi.org/10.33393/jcb.2025.3561
https://creativecommons.org/licenses/by-nc/4.0/legalcode


COVID-19 Severity in Patients with Hypertension and Diabetes40 

© 2025 The Authors. Journal of Circulating Biomarkers - ISSN 1849-4544 - www.aboutscience.eu/jcb

Furthermore, many diabetes medications, such as 
GLP-1 agonists, as well as anti-hypertension medications 
like Angiotensin-Converting Enzyme (ACE) inhibitors and 
statins, increase ACE2 expression (12). Therefore, the sever-
ity of COVID-19 may be increased in diabetes as a result of 
increased ACE2 receptor expression in a variety of tissues. 
Moreover, ACE2 has been reported in both the exocrine and 
endocrine pancreas (13). 

The inflammatory process linked with diabetes, as well as 
chronically high blood glucose levels, might result in a poor 
immune response, which can exacerbate infections in dia-
betic individuals (14,15). In addition, people with high blood 
pressure are at a higher risk of COVID-19 infections and com-
plications, according to growing evidence (16). Preliminary 
data from both China and the United States show that high 
blood pressure is the most frequent shared pre-existing con-
dition among those hospitalized, affecting between 30% and 
50% of patients (17). 

Several COVID-19 patients possess pre-existing hyperten-
sion, and numerous medications can raise the risk of hyper-
tension. Stroke and other heart problems are caused by high 
blood pressure, which can damage your arteries and reduce 
blood flow to your heart in patients infected with the virus, 
which can lead to death in aged patients (18,19). A com-
promised immune system is one reason why people with 
high blood pressure, diabetes, and other health conditions 
are more susceptible to coronavirus. The immune system is 
weakened by long-term health problems and aging, making 
it less effective in fighting the infection (20,21). 

High blood pressure affects nearly two-thirds of people 
over the age of 60, resulting in greater mortality rates among 
patients with diabetes and high blood pressure (22). Both 
diseases are highly contagious, with incubation periods rang-
ing from a few days to two weeks. Fever, tiredness, and a dry 
cough are common early symptoms of the disease. Some 
patients experience a “cytokine storm” during the advanced, 
more acute phase, which leads to severe consequences such 
as acute respiratory distress syndrome (ARDS), shock, mul-
tiorgan failure, and possibly death, which is caused by both 
the viral infection and the host response (23,24). Laboratory 
testing may reveal a low white blood cell count, lymphopenia, 
hypoxemia, and abnormal liver and renal function (25,26). 

FIGURE 1 - Three separate groups were chosen to be tested in the 
presence of COVID-19 infection. The diagram was generated using 
BioRender.com.

The purpose of this study was to assess the prognosis of 
COVID-19 diabetic patients and high blood pressure compared 
with the healthy COVID-19 patients, as well as the impact of 
previous glycemic control. Furthermore, the effect of the gen-
erally utilized antidiabetic and antihypertensive medicines on 
the prognosis of diabetic patients and high blood pressure 
patients with COVID-19 infection. In this work, we looked at 
COVID-19 infection in three different groups, including diabe-
tes patients, blood pressure patients, and healthy people, as 
clarified above in Figure 1.

Methodology
Study Design and Participants

This comparative effectiveness study was carried out at 
Al Karama Teaching Hospital, Baghdad, Iraq. One hundred 
and fifty COVID-19 patients with diabetes and elevated 
blood pressure were admitted to the hospitals. All patients 
enrolled were confirmed positive for SARS-CoV-2 by phy-
sicians who performed quantitative reverse transcription 
polymerase chain reaction on nasopharynx swab samples, 
and outcome data were collected prospectively. All of the 
patients self-reported their hypertension history, blood pres-
sure medications, and diabetes. Cases of COVID-19 that had 
an epidemiological history, two clinical symptoms, and micro-
biological evidence were considered established.

Category for determination between severe vs. mild 
COVID-19 disease

Patients admitted to the intensive care unit (ICU) and 
given medication for more than 3 days were categorized as 
extreme cases, whereas other known cases were classified as 
moderate. Patients with COVID-19 were divided according to 
their medical history into three groups: patients with diabe-
tes, patients with high blood pressure, and healthy patients. 
Based on age, gender, and comorbidities, patients without 
diabetes were compared to those with diabetes and high 
blood pressure (hypertension, hyperlipemia, and chronic 
renal diseases).

Laboratory Tests
Clinical and laboratory findings, including signs and 

symptoms, illness severity of COVID-19 patients were clas-
sified as mild, moderate, severe, or critical according to the 
novel Coronavirus Pneumonia. The Berlin definition of ARDS 
was used to make the diagnosis. Laboratory data, complete 
blood count, white blood cell count, lymphocyte count, 
C-reactive protein (CRP), coagulation profile, D-dimer, 
urea, and creatinine (Crea), renal and liver function, were 
retrospectively collected. Clinical symptoms were those 
present at the time of admission, and laboratory examina-
tions were performed using a blood test. Figure 2 depicts 
the COVID-19 molecular diagnostic used in this study. The 
first step in the testing procedure was to collect respira-
tory specimens such as nasal swabs, sputum, and bron-
choalveolar lavage fluid (BALF) from patients who were 
exhibiting symptoms, after which the specimens were sent 
for RNA extraction. The quantitative reverse transcription 
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FIGURE 2 - Explaining the mo-
lecular diagnosis process for 
COVID-19. The diagram was 
created with BioRender.com.

PCR (RT-qPCR) technique was used to analyze SARS-CoV-2, 
because RT-qPCR can detect the novel coronavirus genetic 
information (RNA) even if the virus is present in very small 
amounts.

Results and Discussion
In this work, 150 patients with COVID-19 were included, 

and the reverse transcription-polymerase chain reaction 
(RT-PCR) test was used to confirm their infection. They were 
divided into three groups: 50 of them were found to be 
diabetics, 50 were non-diabetics, and blood pressure and 
COVID-19 patients, respectively. Tables 1, 4, and 5 indicate 
the general information of these patients and the samples 
collected, as well as the characteristics of the patients with 
diabetes and high blood pressure. The average length of 
hospitalization was 2 weeks. The most prevalent symptoms 
at the start of the infection were fever, dry cough, dyspnea, 
fatigue, Myalgia/arthralgia, and cold. In addition, head-
ache, nausea or vomiting, chest pain, diarrhea, taste loss, 
sputum production, and smell loss were some of the less 
prevalent symptoms, and earache and haemoptysis were 
uncommon.

As shown in Table 1, a total of 50 specimens were 
taken, which were classified depending on their age, from 
mild patients to severe diabetic patients. Among them, 
5% (2/40) of patients were under the age of 18, 20% (8/40) 
were between the ages of 19 and 40, 50%  (10/40) were 
between the ages of 41 and 60, and 25%  (20/40) were 
beyond the age of 60. 20% (10/50) of these patients pro-
gressed to severe COVID-19. Twenty percent (2/10) of these 
patients were between the ages of 19 and 40, 30% (3/10) 
were between the ages of 41 and 60, and 50% (5/10) were 
over the age of 60. There was a significant difference in the 
age of severe patients (age 60 years) compared to moderate 

patients. The diabetic group experienced more fever, short-
ness of breath, and fatigue than the non-diabetic group. 
However, the differences in other symptoms between the 
two groups were not significant. Diabetes and blood pres-
sure were associated with a higher prevalence of comor-
bidities such as asthma, cardiovascular disease, and chronic 
renal disease. 

TABLE 1 - Clinical characteristics of diabetic patients infected with 
COVID-19 (n = 50)

Characteristics Total (n = 50) Mild (n = 40) Severe (n = 10)
Age groups: n (%)

≤ 18 2 2 (5) 0 (0)
19-40 10 8 (20) 2 (20)
41-60 15 10 (50) 3 (30)
61-80 24 20 (25) 5 (50)
Female
male

22
28

16 (40)
24 (60) 

3 (30)
7 (70)

Total 50 40 (80%) 10 (20%)

COVID-19 patients may undergo several hemodynamic 
changes during hospitalization, affecting their BP level. In 
case of persistently elevated/fluctuating BP values in the 
clinic, an ambulatory BP monitoring should be performed 
to evaluate the hypertension state, assess BP control, and 
detect other risk features of 24-hour BP, for instance, non-
dripping pattern, nocturnal hypertension, and morning 
surge, as well as assess heart rate response. The optimiza-
tion of antihypertensive treatment and close follow-up at 
the hypertension clinic is essential to achieve BP control and 
avoid hypertension-induced target organ damage in these 
vulnerable patients.  
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Also, 50 samples were taken from high blood pressure 
patients infected with COVID-19. Among them 10 samples 
were from patients with severe blood pressure as presented 
in Table 2. 2.5%  (1/40) of these patients were under the 
age of 18, 12.5%  (5/40) were between the ages of 19 and 
40, 30%  (12/40) were between the ages of 41 and 60, and 
55%  (22/40) were above the age of 60. 20% (10/50) pro-
gressed to severe COVID-19. Also, 40% (4/10) were aged 
41–60, and 60% (6/ 10) were older than 60. 

TABLE 2 - Clinical characteristics of blood pressure patients infected 
with COVID-19 (n = 50)

Characteristics Total (n = 50) Mild (n = 40) Severe (n = 10)
Age groups: n (%)
≤ 18 1 1 (2.5) 0
19-40 5 5 (12.5) 0
41-60 20 12 (30) 4 (40)
61-80 24 22 (55) 6 (60)
Female
Male

24
26

22 (55)
18 (45)

6 (60)
4 (40)

Total 50 40 (80%) 10 (20%)

A total of 50 samples were taken from 40 mild patients 
and 10 severe patients, as well as from healthy people, as 
can be seen in  Table 3. From these patients, 5 % (2/ 40) 
were younger than 18, 45% (18/40) were aged 19-40, 35% 
(14/40) were aged 41-60, and 15% (6/ 40) were older than 
60.  Moreover, 20% (10/50) progressed to severe COVID-19, 
30% (3/10) were aged 19-40, 40% (4/10) were aged 41-60, 
and 30% (3/ 10) were older than 60.

TABLE 3 - Clinical characteristics of healthy patients infected with 
COVID-19 (n = 50)

Characteristics Total (n = 50) Mild (n = 40) Severe (n = 10)
Age groups: n (%)
≤ 18 2 2 (5) 0
19 - 40 22 18 (45) 3 (30)
41- 60 18 14 (35) 4 (40)
61- 80 8 6 (15) 3 (30)
Female
Male

28
22

24 (60)
16 (40)

2 (20)
8 (80)

Total 50 40 (80%) 10 (20%)

Age and Gender
As presented in Table 3, the characteristics of COVID-19 

patients with diabetes were classified based on disease 
severity at the time of admission. Patients with severe/criti-
cal COVID-19 were older and had diabetes for a longer period 
of time than patients with moderate disease. Men made up a 
higher proportion of hospitalized patients, showing that men 
are more sensitive to COVID-19 infection, which has been 
associated with a higher prevalence of smoking in men in 
several studies. However, current smokers made up a small 
percentage of COVID-19 patients and there was no significant 
link between smoking and COVID-19 (27,28). 

Patients who had recovered had a lower chance of severe 
COVID-19 infection, which required ICU and hospitalization, 
as well as a faster recovery rate from SARS-CoV-2 infection. 
Diabetes prevalence rises with age in both the general popu-
lation and COVID-19 patients. COVID-19 patients who also 
had hypertension had a high average SBP and a lot of SBP/DBP 
variability throughout their hospital stay, which was linked to 
in-hospital mortality, ICU admission, and heart failure. 

FIGURE 3 - The mechanisms associated with increased COVID-19 
severity in individuals with diabetes, the source of the image is (37).

However, the possible pathways by which diabetes 
increases COVID-19 morbidity and death were described by 
Muniyappa and Gubbi as follows: improved cellular attach-
ment affinity and viral entry efficiency (29), reduced viral 
clearance, alveolar dysfunction showed (30), higher sensi-
tivity to cytokine storm and hyper-inflammation (31), and 
coagulopathy (32). According to a study conducted in Italy 
during the present COVID-19 pandemic, diabetes mellitus 
scores high among the comorbidities in COVID-19 patients 
compared with healthy people (33). Systemic hypertension 
and ischemic heart disease were also shown to be common, 
as illustrated in (Fig. 3).

Besides, Angiotensin II receptor blockers (ARBs) medica-
tions did not increase the risk of adverse outcomes in hyper-
tensive patients and even provided a benefit in terms of 
heart failure. This suggests that ARB medications should be 
continued in COVID-19 patients, and the statistics showed 
that of the people were hypertensive. Patients on ACE 
inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) 
showed reduced mortality rates compared to those taking 
other antihypertensive medicines. Also, it was found that 
patients aged 20-40 who had acute respiratory distress syn-
drome, and some of them died because of no treatment 
after injury.

Laboratory Findings
Diabetes patients showed greater white blood cell count, 

neutrophil count, levels of ‘‘C-Reactive Protein (CRP),” blood 
urea nitrogen, lower red blood cell count, hemoglobin level, 
and lymphocyte count when compared to patients without 
diabetes, according to laboratory test results. The results indi-
cate that in COVID-19 patients with coexisting hypertension, 
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maintaining a low and stable blood pressure is ideal for a 
favorable prognosis. Subsequently, in the absence of other 
comorbidities, a similar analysis was conducted to assess 
whether diabetes independently affects disease severity and 
mortality.

In patients with COVID-19, we discovered a substantial 
link between D-dimer levels and diabetes. The group with 
diabetes and blood pressure had significantly higher D-dimer 
levels (500-2000 ng/mL) than the group of healthy patients, 
which had levels less than 500 ng/mL.

However, it is found that diabetics had much greater 
white blood cell counts than non-diabetics. CRP, ESR, and 
LDH levels were higher than normal in diabetic patients, indi-
cating a more severe inflammatory response. Patients devel-
oped bilateral pneumonia and patchy ground-glass opacity, 
according to chest radiography or CT results (Figure  4). 
Diabetes patients had a higher white blood cell count than 
non-diabetics, according to laboratory test results (34).

COVID-19 severity, outcome, and associated  
complications

Patients were also given plasma therapy and were treated 
with interferon injections. Acute respiratory distress syn-
drome (ARDS), shock, and secondary infection were the most 
prevalent consequences. Among the 150 patients, 10 (6.6%) 
died during follow-up, 30 (20%) remained hospitalized, and 
110 were discharged. Patients with diabetes require more 
oxygen than individuals without the disease. Furthermore, 
ARDS was more common in diabetic patients than in non-dia-
betic and high blood pressure patients. When compared to 
the non-diabetic group, the diabetic group had a significantly 
higher prevalence of complications such as sepsis, ARDS, car-
diovascular disease, heart failure, and kidney injury. 

Diabetes has been detected in COVID-19 as a major pre-
dictor of disease severity. Diabetes patients may also be at an 
increased risk of thrombotic events due to the link between 
diabetes, clotting factors, and fibrinolysis imbalance.

Furthermore, COVID-19 patients with uncontrolled 
diabetes had a higher risk of death than other patients. 
Uncontrolled diabetes, with a focus on hyperglycemia, 
appears to be a consistent predictor of a worse COVID-19 
outcome. Therefore, hyperglycemia may play a negative 
role in the overproduction of interleukin-6 (IL-6), which has 
been linked to increased lung infiltration and the severity of 
COVID-19 (35). The data imply that for COVID-19 patients 
with coexisting hypertension, having a low and stable blood 
pressure is indeed the best way to achieve a positive prog-
nosis. The diabetes group had a significantly higher per-
centage of deaths compared with the blood pressure and 
healthy patients’ groups. This could be owing to the fact 
that diabetes is linked to other risk factors such as age and 
obesity. This could possibly be owing to the fact that per-
sons with diabetes have a dysregulated innate and adaptive 
immune response, as well as persistent low-grade inflam-
mation, making them more vulnerable to cytokine storm. 
People with diabetes could also be at higher risk for throm-
botic events because diabetes is linked to a clotting factor 
and fibrinolysis imbalance.

Drugs Uses and Vaccines
Patients infected with SARS-CoV-2 are now being treated 

mostly through the repurposing of available therapeutic 
medications and a focus on symptomatic symptoms (36). 
Antibiotics, antiviral medicines, systemic corticosteroids, and 
anti-inflammatory pharmaceuticals (including anti-arthritis 
therapy) are widely used to treat ARDS, which is sometimes 
complicated by secondary infection. In addition to antiviral 
interferers and antibiotics, COVID-19 has been treated with 
neuraminidase inhibitors, RNA synthesis inhibitors, convales-
cent plasma, and traditional herbal medicines, as shown in 
Figure 5. Diabetes patients with COVID-19 should have ade-
quate glycemic control, medical teams should ensure this. 
This involves a thorough assessment of all possible problems 
caused by the therapies that will be used for those patients. 
Insulin therapy is a treatment that is used to treat both forms 
of diabetes. Although insulin therapy for severe COVID-19 
individuals with diabetes has been recommended, it should 
be determined based on the severity of COVID-19, and those 
patients should be constantly followed (37). 

Vaccines work in a variety of ways to provide protection. 
However, with every vaccine (Fig. 6), the body is left with a 
supply of memory T- and B-lymphocytes that will remem-
ber how to fight that virus in the future. T-lymphocytes and 
B-lymphocytes are typically produced a few weeks after vac-
cination. As a consequence, a person may become infected 
with the virus that causes COVID-19 just before or shortly 
after immunization and subsequently become sick as a 
result of the vaccine failing to provide sufficient protection. 

FIGURE 4 - The chest CT images of infected patients with COVID-19 
during their hospitalization. A: healthy patient. B: blood pressure 
patients. C: diabetes patient. A) Healthy patients and their ages 
range from 28 to 50 with mild to severe injury. B) Patients with 
blood pressure with ages range from 35 to 70 with mild to severe 
injury. C) Patients with diabetes, ages ranging from 40 to 75, with 
severe injury.
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Symptoms such as fever can occur after vaccination due to 
the process of building immunity. These symptoms are typical 
and indicate that the body is strengthening its defenses.

Conclusion
In conclusion, diabetes has been exhibited in studies to 

be highly prevalent in critically ill patients with severe coro-
navirus disease, which led to heart attacks in some cases. 
Diabetes patients who were infected with COVID-19 showed 
more severe illness and a worse prognosis than non-diabetic 
patients. After diabetes, COVID-19 patients with hyperten-
sion have a considerably higher mortality risk. Furthermore, 
the study showed that the severely ill patients have higher 

maximal viral concentrations and a slower decline of viral 
concentration compared to mildly affected patients. Diabetes 
may be a risk factor for disease progression and an increase 
in COVID-19 patients’ in-hospital mortality. The results of this 
study emphasized the necessity of understanding COVID-19 
clinical characteristics in order to put in place effective con-
trol strategies. 
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Erratum in “Diagnostic value of carcinoembryonic 
antigen, cancer antigen 15-3, and cell-free DNA as blood 
biomarkers in early detection of canine mammary tumor”
Diksha Singh1 , Prashant P Rokade1 , Neeraj K Gangwar1 , Mukul G Gabhane1, Sunil Malik1, Kavisha Gangwar1,  
Shyama N Prabhu1, Renu Singh1, DD Singh1 , Sonam Kumari2, Soumen Chaudhary2, Jitendra K Choudhary3

1Department of Veterinary Pathology, College of Veterinary Science & Animal Husbandry, Veterinary University, Mathura, Uttar Pradesh - India
2�Department of Veterinary Pharmacology and Toxicology, College of Veterinary Science & Animal Husbandry, Veterinary University, Mathura, 
Uttar Pradesh - India

3Animal Genetics and Breeding, College of Veterinary Science & Animal Husbandry, Veterinary University, Mathura, Uttar Pradesh - India 

Biomarkers, the weights reported for the Beagle, Indian Spitz 
and Pomeranian breeds in Table 1 were incorrect. The correct 
Table 1 is reported here: 

In the article “Diagnostic value of carcinoembryonic anti-
gen, cancer antigen 15-3, and cell-free DNA as blood bio-
markers in early detection of canine mammary tumor” (1), 
which appeared in Volume 14, Issue 1 of Journal of Circulating 

TABLE 1 - Clinical history of cases showing occurrence of canine mammary tumor (n = 36)

Case 
No.

Breed Age Body wt. No. of 
glands 

affected

Gland effected Size (cm) Consistency

1. Labrador 11 yrs. 41 Kg 2 Right inguinal & right caudal abdominal 5-6 cm Hard

2. Rottweiler 4 yrs. 36 Kg 4
Left & right Inguinal  4-5 cm

Soft
Left & right caudal abdominal 2-3 cm

3. Beagle 8 yrs. 11 Kg 2 Left & right Inguinal 6-7 cm Soft

4. German Shepherd 9 yrs. 39 Kg 1 Left caudal abdominal 4-5 cm Semi-hard

5. German Shepherd 12 yrs. 42 Kg 2 Left & right caudal thoracic 12-13 cm Semi-hard

6. Rottweiler 9 yrs. 45 Kg 1 Left inguinal 4-5 cm Semi-hard

7. Indian Spitz 11 yrs. 10 Kg 1 Left inguinal 7-8 cm Semi-hard

8. Pomeranian 9 yrs. 6 Kg 1 Right inguinal 9-10 cm Soft

9. Indian Spitz 11 yrs. 9 Kg 1 Left inguinal 5-6 cm Soft

10. German Shepherd 3 yrs. 38 Kg 1 Left cranial abdominal 4-5 cm. Semi-hard

11. Indian Spitz 10 yrs. 8 Kg 1 Right inguinal 5-6 cm. Hard

12. Labrador 2.5 yrs. 41 Kg 1 Left inguinal 7-8 cm. Semi-hard 

13. German Shepherd 3 yrs. 41 Kg 1 Left caudal abdominal 5-7 cm. Semi-hard

14. Labrador 4 yrs. 46 Kg 1 Left inguinal 7-8 cm. Hard

(Continued)
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Case 
No.

Breed Age Body wt. No. of 
glands 

affected

Gland effected Size (cm) Consistency

15. Non-descript 12 yrs. 36 Kg 1 Left inguinal 2-3 cm. Semi-hard

16. German Shepherd 6 yrs. 47 Kg 2 Right inguinal & caudal abdominal 15-18 cm. Semi-hard to hard

17. German Shepherd 9 yrs. 38 Kg 2 Left & right inguinal 9-10 cm. Soft

18. German shepherd 10 yrs. 43 Kg 1 left inguinal 8-9 cm. Semi-hard

19. Indian Spitz 8 yrs. 10 Kg 1 Right cranial abdominal 2-3 cm. Soft

20. German shepherd 6 yrs. 44 Kg 2 Left cranial abdominal 7-8 cm. Semi-hard

21. Pomeranian 5 yrs. 8 Kg 1 Right inguinal 5-6 cm. Hard

22. Pomeranian 8 yrs. 9 Kg 1 Left inguinal 8-9cm. Semi-hard

23. Non-descript 8 yrs. 42 Kg 2 Left inguinal & caudal abdominal 6-7 cm. Semi-hard

24. Non-descript 7 yrs. 21 Kg 2 Right inguinal & caudal abdominal 10-11 cm. Semi-hard

25. German shepherd 9 yrs. 40 Kg 1 Right caudal abdominal 3-4 cm. Soft

26. Rottweiler 4 yrs. 32 Kg 1 Left inguinal 6-7 cm. Soft

27.  Non-descript 8 yrs. 19 Kg 1 Right cranial thoracic 5-6 cm. Hard

28.  Non-descript 13 yrs. 39 Kg 1 Right caudal thoracic 4-5 cm. Semi-hard

29. Great dane 1.5 yrs. 34 Kg 1 Right cranial thoracic  7-8 cm. Soft

30. Rottweiler 8 yrs. 42 Kg 1 Left cranial thoracic 5-7 cm Soft to semi-hard

31. Non-descript 8 yrs. 37 Kg 1 Left cranial abdominal 3-4 cm Soft 

32. Rottweiler 8 yrs. 41 Kg 2 Left & right caudal abdominal 8-9 cm Semi-hard

33. Labrador 10 yrs. 46 Kg 1 Right cranial abdominal 3-4 cm Semi-hard

34. Non-descript 7 yrs. 17 Kg 4
Right & left caudal thoracic 7-8 cm

Semi-hard
Left cranial & caudal abdominal 2-3 cm

35. Pomeranian 7 yrs. 9 Kg 1 Left inguinal 4-5 cm Soft to semi-hard

36. German shepherd 9 yrs. 65 Kg 2 Right inguinal & caudal abdominal 13-15 cm Semi-hard

We apologize for any inconvenience caused to the read-
ers by these errors, which do not affect the overall results or 
conclusions of the study.

The final version of this article is available online and 
includes a reference to this correction.
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ABSTRACT
Introduction: The triplet FOLFOXIRI (fluorouracil, leucovorin, oxaliplatin, and irinotecan) may be considered an 
effective option in the neoadjuvant setting for metastatic colon cancer (mCRC). To investigate potential molec-
ular criteria for treatment response, we evaluate the transcriptome of paired primary colon tumors and liver 
metastases. 
Method: Two sets of quadruple-matched specimens (primary colon tumor, liver metastasis, normal colon and 
liver tissues) from five patients with resectable mCRC before and after neoadjuvant FOLFOXIRI were selected for 
RNA sequencing (RNA-seq). 
Results: RNA-seq data showed that liver metastases exhibited a higher number of differentially expressed genes 
(DEGs) than colon tumors (FDR < 0.05, 301 vs. 62, respectively). Up-regulation of IL1RN, MTCO1P12, RN7SL1, 
ALDH1A1, DUSP1, COX1, and FOS may be associated with colon tumor sensitivity to FOLFOXIRI. HBB, GADD45B, 
DUSP1, FOSB, HBA2, TSC22D3, TAGLN, PER1, CSRP1, CCN2, NAMPT, ZBTB16, SERPINE1, ISG20, SRGN, ATF3, IL7R, 
IFITM2, and KLF2 may potentially be involved in the partial liver metastasis response. EPS8L2 was the only gene 
highly expressed in pre-treatment liver tissue of the complete responder patient compared to others (|Log2FC| 
= 3.84, FDR < 0.05). 
Conclusion: Data obtained indicate transcriptional discordance between the primary tumors and liver metastases 
during neoadjuvant FOLFOXIRI, with the pattern of DEGs involved in their response being distinct. The EPS8L2 
transcript could be regarded as a candidate biomarker of liver complete response; however, prognostic conclu-
sions cannot be drawn from this cohort.
Keywords: Colon cancer liver metastasis, Metastatic colon cancer, Neoadjuvant FOLFOXIRI, RNA-seq, Transcrip-
tome biomarkers

disease in one third of mCRC patients (2). Current NCCN and 
ESMO guidelines establish multimodal treatment, including 
surgery, chemotherapy, targeted therapy, and immunother-
apy as the standard care for resectable mCRC (1,3). 

FOLFOXIRI is a combination of three cytotoxic agents, 
such as fluorouracil, leucovorin, oxaliplatin, and irinotecan, 
that are considered in the neoadjuvant setting for resect-
able mCRC according to consensus statements (1,3). In the 
initial GONO clinical trial, neoadjuvant FOLFOXIRI improved 
response rates, progression-free survival, and overall survival 
compared with FOLFIRI (fluorouracil, leucovorin, and irinote-
can) with manageable toxicity in unresectable mCRC patients 
(4). Subsequent randomized trials confirmed that 6 months 
of induction treatment with FOLFOXIRI provides a clinically 

Introduction
Initially, metastatic colon cancer (mCRC) accounts for up 

to 30% of all colorectal cancers with a highly heterogeneous 
nature (1). Colon cancer distant metastases are observed in 
multiple sites; however, the liver is the only site of distant 

https://doi.org/10.33393/jcb.2025.3597
https://creativecommons.org/licenses/by-nc/4.0/legalcode
mailto:nbabyshkina@mail.ru
https://orcid.org/0000-0002-0562-3878


Babyshkina et al J Circ Biomark 2025; 14: 49

© 2025 The Authors. Published by AboutScience - www.aboutscience.eu

relevant improvement in 5-year survival compared with 
6 months of induction treatment with FOLFIRI (5). Recent 
studies suggest that neoadjuvant FOLFOXIRI has a favorable 
safety profile and down-staging effect on locally advanced 
resectable rectal cancer (6). 

The combination of FOLFOXIRI with anti-vascular endo-
thelial growth factor antibody, such as bevacizumab, in 
patients with unresectable mCRC was investigated by sev-
eral trials and demonstrated improved survival and response 
rates compared with doublet chemotherapy regimens (7,8). 
The addition of cetuximab, an anti-epidermal growth fac-
tor receptor antibody, to triplet chemotherapy also showed 
encouraging results (9,10).

It is important to note that the use of neoadjuvant che-
motherapy with FOLFOXIRI for resectable mCRC remains 
undocumented. However, potential molecular criteria for 
choosing the optimal treatment regimen that would signifi-
cantly improve patient outcomes have not been developed. 
Here we report a transcriptome of primary colon tumors and 
their matched liver metastatic lesions that were associated 
with treatment response in a group of mCRC patients who 
were treated with neoadjuvant FOLFOXIRI plus targeted drug.

Materials and methods 
Patient Selection

The prospective study enrolled 5 patients with resectable 
mCRC who received neoadjuvant treatment in combination 
with a targeted agent at the Tomsk Cancer Research Institute 
between 2021 and 2022. All  patients were males  aged 
between 40 and 66 years. The inclusion criteria were as fol-
lows: resectable mCRC with liver-only metastases, patho-
logically confirmed adenocarcinoma, Eastern Cooperative 
Oncology Group performance status of 0-2, and known RAS 
status. In all patients, the primary tumor was located on the 
left side of the colon. Patients with more than one primary 
tumor and deficient mismatch repair, or a high microsatellite 
instability phenotype, were excluded. The patient character-
istics are listed in Table 1.

Treatment regimens and response evaluation

All patients received 3 cycles of neoadjuvant FOLFOXIRI 
chemotherapy followed by synchronous or staged colectomy 
and liver metastases resection. FOLFOXIRI consisted of irino-
tecan 165 mg/m2 on day 1, oxaliplatin 85 mg/m2 on day 1, 
leucovorin 200 mg/m2 on days 1 and 2, and 3200 mg/m2 48 h 

TABLE 1 - Patient characteristics

Case Specimen sets Age at  
diagnosis, 

years

Sex Primary  
tumor site

Histopathology 
type

Targeted therapy Response 
colon tumor/ 
liver metastasis

1 Complete 42 Male Rectosigmoid Mode No Partial/Partial
2 Complete 62 Male Rectosigmoid Well Cetuximab Partial/Partial
3 Complete 39 Male Rectosigmoid Mode No Partial/Partial  
4 Complete 53 Male Rectosigmoid Mode Cetuximab Partial Partial 
5 Incomplete 66 Male Rectosigmoid Well No Partial/Complete

continuous infusion of 5-fluorouracil on days 1 and 2. A com-
bination regimen with FOLFOXIRI and cetuximab (500 mg/m2 
on day 1) was given to 2 patients. Three patients received the 
FOLFOXIRI-only regimen. After surgical resection, all patients 
received three cycles of adjuvant treatment with FOLFOXIRI 
within 6 weeks.

Tumor response was assessed by contrast-enhanced 
computed tomography (CT) of the chest, abdomen and pel-
vis or contrast-enhanced magnetic resonance imaging (MRI) 
of the pelvis according to RECIST (version 1.1) guidelines. All  
5 patients (100.0%) achieved a partial response of the pri-
mary colon tumor. Four of them (80.0%) also had a partial 
response of metastatic liver lesions, and one patient (20.0%) 
had a complete response of metastatic lesions. Additional 
metastatic lesions assessment by intraoperative ultrasound 
(IOUS) was performed to confirm the complete liver response. 
Pathological response evaluation of colon tumor and liver 
metastasis was assessed by the Mandard grading system (11). 
No serious adverse events (grades III–IV) occurred.

Patient Specimens

A first set of biopsy specimens, including colon tumor and 
liver metastasis, as well as normal colon and liver tissue, was 
obtained from each patient before treatment (pre-treatment 
specimens). The second set included the same specimen’s 
type obtained after surgical resection of both the primary 
lesion and metastasis (post-treatment specimens). However, 
one patient had a complete response of the metastatic focus 
in the liver and, thus, there was an incomplete second speci-
men set. The tumor cell content in the studied specimens 
was at least 40%. Normal tissue specimens were obtained at 
a distance of at least 0.5 cm from the tumor. All specimens 
were placed in RNAlater solution (Ambion, USA), incubated 
for 24 hours at +4°С and stored at –80°С.

RNA Isolation and Sequencing

Two sets of quadruple-matched specimens (primary colon 
carcinoma, liver metastases, normal colon and liver tissues) 
from each patient before and after treatment were selected 
for high-throughput RNA sequencing (RNA-seq). Total RNA 
was extracted using a PureLink RNA Mini Kit (Invitrogen, USA). 
Sequencing libraries were prepared using the MGIEasy rRNA 
Depletion V1.3 (MGI, China). RNA-seq library was sequenced 
on the DNBSeq G400 (MGI, China), using DNBSEQ-G400RS 
High-throughput Sequencing Kit (MGI, China).
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Statistical analysis

Quality control of sequencing was assessed using FastQC, 
QoRTs and MultiQC software Online. The DEGs were analyzed 
by the software package DESeq2. Adjusted P values/false 
discovery rates (FDR) were calculated using the Benjamini–
Hochberg procedure (12). Data visualized by Phantasus Online 
as well as by the R 4.0.2 package Online.

A Kaplan Meier plotter Online tool was used to examine 
the relapse-free survival of colon cancer patients for the vali-
dation of EPS8L2 (13). The analysis of EPS8L2 expression was 
focused on a cohort of stage 3 and 4 colon cancer patients 
with left-sided tumors, stable or low microsatellite phenotype 
based on GEO, EGA and TCGA databases. The hazard ratio 
with 95% confidence intervals and log-rank test were used to 
compare differences among survival curves. A p-value of less 
than 0.05 was considered statistically significant.

Results
DEGs association with primary colon tumor response

In total, 62 DEGs (FDR < 0.05) between the pre-treatment 
and post-treatment colon specimens were identified (Fig. 1A). 
The top 20 up-regulated genes of pre-treatment tumors 
included the CCR4, FER1L4, AMH, RHOV, GALT, CELSR3, 
DRAM1, RHPN1, PKMYT1, PCSK9, GRM8, MMP11, WDR62, 
ALG8, PABPC1L, DNM1, TMEM132A, ARHGAP39, CDH3, and 
MELTF (|Log2FC|>1.00, FDR<0.05). Only seven up-regulated 

genes were found in the post-treatment colon tumors, 
namely IL1RN, MTCO1P12, RN7SL1, ALDH1A1, DUSP1, COX1, 
and FOS (|Log2FC| > 1.00, FDR<0.05; Fig. 1B). Given the par-
tial response of the primary colon tumor in all patients, the 
up- or down-regulation of these genes identified after the 
treatment may be implicated in the colon tumor sensitivity 
to FOLFOXIRI alone or in combination with targeted drug. 

DEGs association with partial liver metastasis response

Similar to the primary colon tumors, the transcriptome 
profile of liver metastases was also modulated by neoadju-
vant treatment. Cluster analysis revealed a broader range 
of DEGs (FDR < 0.05, 301 vs. 62) compared to colon tumors 
(Fig. 1C). We selected the top 20 up-regulated genes MUC3A, 
CDCA7, SATB2, XPNPEP2, EPCAM, SCNN1A, TONSL, AIFM3, 
ENTPD8, GAL3ST2, EPPK1, ANO9, SPIRE2, PTK6, SLC17A1, 
IQANK1, DGAT1, WNK2, FAM83E, and TJP3 that were in 
the pre-treatment liver tissue (|Log2FC| > 1.00, FDR<0.05). 
HBB, GADD45B, DUSP1, FOSB, HBA2, TSC22D3, TAGLN, PER1, 
CSRP1, CCN2, NAMPT, ZBTB16, SERPINE1, ISG20, SRGN, 
ATF3, IL7R, IFITM2, and KLF2 were up-regulated in the post-
treatment liver lesions (|Log2FC| > 1.00, FDR<0.05; Fig. 1D). 
Since all patients had metastatic liver lesions that responded 
to treatment, the detected transcripts may also be poten-
tially associated with the efficacy of FOLFOXIRI used alone or 
in combination with cetuximab.

FIGURE 1 - Comparative tran-
scriptome of primary colon 
tumors and matched liver me-
tastases in mCRC patients du-
ring neoadjuvant FOLFOXIRI. 
Cluster analysis of differentially 
expressed genes (DEGs) betwe-
en the pre-treatment and post- 
treatment colon specimens. 
Up-regulated genes are re-
presented in red, and down-
regulated genes are represen-
ted in blue (A); Volcano plot for 
DEGs in primary colon tumors 
(B); Cluster analysis of DEGs 
between the pre-treatment and  
post-treatment liver lesions. 
Up-regulated genes are repre-
sented in red, and down-regu-
lated genes are represented in 
blue (C); Volcano plot for DEGs 
in liver metastases (D).

http://www.bioinformatics.babraham.ac.uk/projects/fastqc
https://genome.ifmo.ru/phantasus
http://www.R-project.org
http://www.R-project.org).
https://kmplot.com
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DEGs association with complete liver metastasis response

To identify genes predicting complete liver metastasis 
response after FOLFOXIRI, we performed additional tran-
scriptome analysis in a patient who achieved a complete 
regression of liver metastatic lesions. Interestingly, EPS8L2 
was the only highly expressed in this patient’s liver tissue 
before treatment compared to other patients (|Log2FC| = 
3.84, FDR<0.05; Fig. 2A). 

In addition, according to a public data set, low EPS8L2 
expression was associated with better relapse-free survival 
in colon cancer patients (HR = 3.41, 95% CI = 0.92–12.68, Log 
rank p = 0.052, Fig. 2B). The encoded protein is thought to be 
involved in regulating actin cytoskeleton remodeling. These 
observations suggest that EPS8L2 expression can be modu-
lated by FOLFOXIRI, and subsequent inhibition of cell migra-
tion may contribute to metastasis-suppressing function and 
increased sensitivity to therapy.

Discussion
In this study, we attempted to identify biomarkers asso-

ciated with FOLFOXIRI response by comparing the tran-
scriptome of primary colon tumors and their matched liver 
metastatic lesions in mCRC patients. Our data suggested that 

the use of neoadjuvant FOLFOXIRI, either as a single agent or 
with cetuximab, had a significant impact on gene expression 
changes in both primary tumor and metastases. 

Previous studies have mainly examined the molecular 
changes at the genomic level that occur during doublet first-
line systemic therapy in mCRC patients. In particular, the 
comparison of the copy number aberration landscape in liver 
metastases before and after chemotherapy revealed genomic 
variations that have a direct impact on the transcriptome 
(14). A pilot Japanese study indicated that the mutation rate 
and mutation spectrum were nearly identical regardless of 
FOLFOX therapy in the four recurrent colorectal cancer cases 
(15). However, some gene amplifications were observed only 
in the pre- and post-FOLFOX metastasis specimens compared 
to the primary tumor, suggesting that copy number varia-
tions can change during tumor progression. A recent multi-
center prospective biomarker study, REVEAL, supported the 
differentially expressed gene data between pre-therapeutic 
primary tumor and post-therapeutic liver metastasis using a 
Nanostring assay with a 770 cancer-related gene panel (16). 
Although large mCRC case numbers treated with different 
chemotherapy regimens were recruited in this study, includ-
ing six patients who received FOLFOXIRI with either bevaci-
zumab or panitumumab, the impact of each regimen on the 

FIGURE 2 - Comparative tran-
scriptome of liver metasta-
ses associated with complete 
response and validation of 
EPS8L2 expression based on 
Kaplan Meier plotter. Heat-
map with differentially expres-
sed genes (DEGs) in a patient 
with complete response of 
liver metastatic lesions (A); 
Relapse-free survival stratified 
by EPS8L2 expression for colon 
cancer patients (B).
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gene expression signature was not assessed (16). In contrast 
to the REVEAL study, our results indicate transcriptional dif-
ferences between primary tumors and liver metastases dur-
ing neoadjuvant FOLFOXIRI, with the DEGs pattern changing 
between paired pre- and post-treatment specimens. 

We identified an EPS8L2 transcript that could potentially 
be associated with the complete liver metastasis response 
and mCRC prognosis. It was recently known to be involved 
in nuclear movement and cell migration (17). Furthermore, 
there is clear evidence of the epidermal growth factor recep-
tor pathway substrate 8 (Eps8) involvement in drug response 
in cell lines (18,19), and it is possible that EPS8L2 will also 
play a role in regulating drug resistance. The correlation 
between EPS8L2 expression and patient survival based on 
publicly available data suggests its potential utility as a prog-
nostic marker. 

It is important to note a number of limitations of this study. 
Despite the prospective data set, we were able to analyze only 
a small number of cases. Also, the lack of non-responders in 
our cohort limits the study’s predictive power. Indeed, select-
ing patients with resectable mCRC who are eligible for neo-
adjuvant chemotherapy appears to be challenging. However, 
to our knowledge, this is the first prospective study com-
paring the transcriptome of primary colon tumors and their 
matched liver metastatic lesions in resectable mCRC patients 
who were treated with neoadjuvant FOLFOXIRI. In addition, 
one of the strengths of this study was the systematic collec-
tion of two specimen sets, including colon tumor and liver 
metastasis, as well as normal colon and liver tissue before 
treatment, and the same data set after resection. Although 
we demonstrated a significant impact of FOLFOXIRI on gene 
expression in both primary tumor and liver metastases and 
identified EPS8L2 as a potential biomarker of liver metastasis 
response, our data was preliminary; therefore, further stud-
ies with larger metastatic lesion cohorts are needed.

Conclusion
In summary, our mCRC case series demonstrated that the 

use of neoadjuvant FOLFOXIRI, both alone or in combination 
with cetuximab, leads to an alteration of the transcriptomic 
signature of primary colon tumors and matched liver meta-
static loci. The pattern of DEGs changes between paired speci-
mens of both primary tumor and metastases before and after 
treatment. Distinct patterns of DEGs are involved in the pri-
mary colon tumor and liver metastasis response. The EPS8L2 
transcript identified in the liver metastatic lesion could serve 
as a candidate biomarker of liver complete response; however, 
prognostic conclusions cannot be drawn from this cohort.
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Anti-CENP-A/B reactivity in samples exhibiting the 
centromere HEp-2 pattern is associated with a lower 
frequency of interstitial lung disease in limited 
cutaneous systemic sclerosis patients
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ABSTRACT
Introduction: Anti-centromere antibodies are associated with limited cutaneous systemic sclerosis (lcSSc) and 
a more favorable prognosis. The centromere HEp-2 pattern (AC-3) suggests the presence of antibodies against 
CENP antigens, mainly CENP-B/A. This study analyzed clinical and demographic associations of anti-centromere 
antibodies in a cohort of patients exclusively with the lcSSc form of SSc. The frequency of CENP-B and CENP-A 
reactivity in samples with the AC-3 pattern was also evaluated. 
Method: Samples from 38 lcSSc patients with AC-3 were evaluated for reactivity to CENP-B/A using line-blot and 
ELISA. Clinical data from 68 lcSSc patients (20 AC-3 and 48 Non-AC-3) were analyzed. 
Results: Of the AC-3 samples, 84% and 82% were reactive against CENP-B and CENP-A, respectively, by line-blot, 
and 92% were positive for CENP-B by ELISA. Concordance for CENP-B reactivity between ELISA and line-blot was 
79%. Reactivity to both CENP-B and CENP-A was found in 68% of AC-3 samples, while one sample was positive 
only for CENP-A. Overall, 97% of AC-3 samples were reactive to CENP-B, and all were reactive to either CENP-B or 
CENP-A. Clinically, interstitial lung disease (ILD) was less frequent in AC-3 patients compared to Non-AC-3 (10.5% 
vs. 54.2%; p = 0.001). Other organ involvement frequencies were similar. 
Conclusion: ILD was less frequent in lcSSc patients with a positive AC-3 pattern as compared to those with a 
non-AC-3 pattern, which could suggest a less severe prognosis. In addition, anti-CENP-B was the predominant 
autoantibody in samples yielding the AC-3 pattern, but anti-CENP-A reactivity was also prevalent, and exclusive 
anti-CENP-A reactivity was also observed.
Keywords: Autoantibodies, Centromere, Fluorescent antibody technique, HEp-2 cells, Immunoassay, Systemic 
scleroderma

vasculopathy in small arteries and capillaries, and excessive 
collagen production, resulting in fibrosis of the skin and inter-
nal organs (1-5). According to the extent of skin involvement, 
SSc can be classified into: a) Limited cutaneous SSc (lcSSc) 
that involves the face and the skin distal to the elbows and 
knees; b) Diffuse cutaneous SSc (dcSSc) that involves the 
face, chest, trunk, and the skin both distal and proximal to 
the elbows and knees; and c) Absent skin involvement (SSc 
sine scleroderma) (6). It is also possible to classify SSC accord-
ing to the presence of autoantibodies. Some autoantibodies 
are more associated with lcSSc, such as anti-centromere, 
anti-Th/To, and anti-PM-Scl, while others are more associ-
ated with dcSSc and multi-organ involvement, such as anti-
topoisomerase I, anti-RNA polymerase III, and anti-fibrillarin 
[a comprehensive review can be found elsewhere (3)]. Each 

Introduction
Systemic sclerosis (SSc) is a chronic, heterogeneous auto-

immune rheumatic disease characterized by high mortality 
and morbidity. This condition involves immune dysregulation, 
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of these autoantibodies is related to specific disease manifes-
tations, which makes them valuable tools for estimating prog-
nosis in a given patient (3). Furthermore, the 2013 American 
College of Rheumatology and the European League Against 
Rheumatism (ACR/EULAR) improved the classification crite-
ria for SSc by introducing a scoring system that includes clini-
cal and laboratory elements (7).

Anti-centromere antibody is one of the most frequent in 
SSc (8). However, these can also be found at lower frequen-
cies in other autoimmune diseases, including Sjögren disease, 
primary biliary cholangitis, isolated Raynaud’s phenomenon, 
and overlap syndromes (9). Nevertheless, they are consid-
ered highly specific for SSc (>90%) and have been reported to 
precede the onset of clinical disease by months or years (10). 
In fact, the guidelines of ACR/EULAR indicate that the over-
all diagnostic sensitivity and specificity of anti-centromere 
antibody detected by indirect immunofluorescence assay on 
HEp-2 cells (HEp-2 IFA) were 31% and 97.4%, respectively, 
compared with patients with other systemic autoimmune 
rheumatic diseases (SARD) (6, 11-13).

When tested by HEp-2 IFA, anti-centromere antibodies 
reveal a characteristic, discrete speckled nuclear pattern scat-
tered throughout interphase cells and aligned at the chroma-
tin mass on mitotic cells, compatible with the topography of 
the centromeres (Figure 1A). This pattern is classified as the 
AC-3 pattern according to the International Consensus on 
Antinuclear Antibody (ANA) Patterns (ICAP; Online) (14,15). 
Structurally, the centromere is the region where condensed 
chromatin assembles to the inner and outer kinetochore to 
attach to the microtubules, which are responsible for chro-
mosome segregation during cell division. Although there are 
many CENP proteins (CENP-A, -B, -C, -D, -E, -F, -G, H) in the 
kinetochore (9,16), CENP-B and CENP-A are the main auto-
antigens, as they are most consistently correlated with the 
AC-3 positive pattern on HEp-2 IFA observed in autoimmune 
patients (12,17). CENP-C is also the target of autoantibodies 
and likely yields the AC-3 pattern, but is usually found in asso-
ciation with antibodies to CENP-B or CENP-A (9,18,19).

The 17kDa CENP-A and the 80kDa CENP-B share a cryptic 
linear epitope motif named G/A-PR/S-R-R mapped towards 
the C-terminal portion of CENP-B and the N-terminal charged 
region of CENP-A, which is the main epitope target of anti-
centromere autoantibodies (16, 20-22). This may explain the 
nearly identical prevalence of reactivity to CENP-A and CENP-B 
in antigen-specific solid-phase assays among samples with 
the AC-3 centromere pattern in the HEp-2 IFA, leading some 
authors to suggest that ELISA could replace HEp-2 IFA, con-
sidering the level of expertise required for the HEp-2 IFA pat-
tern analysis (12). However, it is important to remember that 
HEp-2-IFA is a screening assay and does not provide the exact 
specificity for the nuclear antigen. Although the correlation of 
the AC-3 pattern with CENP-B/A autoantibodies is high, it is 
not flawless, especially if the sample produces multiple HEp-2 
IFA patterns that may override the AC-3 pattern (3).

The HEp-2 IFA test, previously known as antinuclear anti-
bodies (ANA), is a highly sensitive method for the screening 
of anti-cellular antibodies (AC) (23). The HEp-2 IFA provides 
information on the antibody serum concentration (titer) and 
possible autoantigen target (pattern). Various techniques, 

including ELISA, CLIA (chemiluminescent immunoassay), 
immunodiffusion, and immunoblotting, can be applied to 
detect specific antigen reactivity (3,24). Multiplex bead-
based assays and ELISAs, as well as dot/line-blots, allow for 
the simultaneous testing of several autoantibodies. However, 
these immunoassays usually use recombinant CENP-B or 
CENP-A proteins (12,25), which could affect sensitivity, as 
demonstrated for other autoantibody systems (26). Second-
generation assays, like CytoBeads, combine IFA on HEp-2 
cells and antigen-coated beads, creating a “2-in-1” solution 
for a one-step, two-level ANA test (27). This approach may 
be useful for diagnosing patients who might not be detected 
with a negative HEp-2 IFA test but are positive for CENP-B by 
other methods. In general, CENP-B/A-specific immunoassays 
tend to show good agreement rates (28).

Most studies addressing the clinical associations of anti-
centromere antibodies comprise general cohorts of SSc 
patients. Because anti-centromere antibodies are strongly 
associated with the lcSSc form of the disease, the clinical 
traits traditionally associated with anti-centromere antibod-
ies are those that characterize lcSSc. Therefore, it is not well 
established how the anti-centromere antibodies correlate 
with the clinical spectrum of lcSSc. In this study, the clinical 
associations of anti-centromere antibodies were analyzed in 
a pure cohort of lcSSc patients. In addition, the anti-centro-
mere reactivity in HEp-2 IFA (AC-3 pattern) was compared 
with the results of specific immunoassays for anti-CENP-B 
and anti-CENP-A antibodies. 

Objective 

We analyzed the possible clinical and demographic asso-
ciations of anti-centromere antibodies in a cohort of patients 
exclusively with the limited cutaneous form of SSc (lcSSc). In 
addition, we evaluated the frequency of reactivity to CENP-B 
and CENP-A in samples with the AC-3 pattern on the HEp-2 
IFA test.

Methods
Patient samples

The patients were consecutively recruited from the 
Systemic Sclerosis Outpatient Clinic at Escola Paulista de 
Medicina, Federal University of São Paulo (UNIFESP), Brazil. 
Patients should meet the American College of Rheumatology/
European League Against Rheumatism (ACR/EULAR) 2013 clas-
sification criteria for the limited cutaneous form of Systemic 
Sclerosis (lcSSc) (7). In accordance with the Declaration of 
Helsinki, the patients signed an informed consent form to 
participate in the study and the research was approved by 
the Ethics Committee at UNIFESP (Plataforma Brasil CAAE: 
59126320.1.0000.5505).

Demographic and clinical features were cross-sectionally 
obtained from electronic medical records and reviewed by 
rheumatologists with expertise in SSc (C.K. and P.M.) as pre-
viously described (26,29,30). In brief, clinical data included 
age, sex, disease subtype, and disease duration (defined 
as the time between the first non-Raynaud symptom and 
the enrollment visit). Interstitial lung disease (SSc-ILD) was 
defined as the presence of interstitial abnormalities in chest 

http://www.anapatterns.org
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FIGURE 1 - Representative ima-
ges of the HEp-2 IFA for sam-
ples with the AC-3 centromere 
pattern. (A) The typical AC-3 
pattern. (B) Sample S34 with 
multiple patterns combining 
the centromere AC-3 and the 
NuMA-like AC-26 patterns; the 
AC-3 became evident at higher 
dilution. (C) Sample S47 with 
multiple patterns combining 
the nuclear fine speckled AC-
4, the nucleolar homogeneous 
AC-8, and the centromere AC-3 
patterns; the AC-3 became evi-
dent at higher dilution. (D-E) 
Sample S02 had reactivity to 
CENP-B in the line-blot but not 
in the ELISA. Sample S55 was 
negative for CENP-B in both 
methods, but was positive for 
anti-CENP-A in the line-blot (Fi-
gure 3D). Arrows in all panels 
indicate the characteristic me-
taphase plate of the AC-3 pat-
tern. Scale bar = 10 µm.

high-resolution computerized tomography (HRCT) and a 
forced vital capacity (FVC) on pulmonary function test lower 
than 80%. Pulmonary arterial hypertension (PAH) was con-
sidered in patients with group I PAH confirmed by right heart 
catheterization, according to previously established criteria 
(31). Esophageal dysmotility was considered when confirmed 
in an esophagogram or esophageal manometry. 

The lcSSc patients were tested in the HEp-2 IFA test and 
subdivided into two groups according to the presence of 
the AC-3 pattern in the HEp-2 IFA test respectively, the AC-3 
group and the Non-AC-3 group.

Assays

The pattern and titer of the HEp-2-IFA were deter-
mined using commercial HEp-2 cell slides (#FA 1520-2010, 
Euroimmun; #51.100, AESKU), following the manufacturer’s 
protocol, with a 1/80 starting dilution and serial dilutions up 
to 1/2560. The slides were analyzed and images captured 
at 400x magnification using a fluorescent microscope (Axio 
Imager.M2, Carl Zeiss).

Anti-CENP-B reactivity was assessed using an indirect 
ELISA kit (#ORG 633, Orgentec), following the manufacturer’s 
protocol. A four-parameter logistic curve with four known 
concentration standards was applied (Figure 2B), and the 
interpolation of the samples’ optical density allowed the 
determination of anti-CENP-B reactivity in each sample in 
arbitrary units (U/mL). Samples with >10 U/mL were con-
sidered positive for anti-CENP-B, as recommended by the 
manufacturer. In addition, reactivity to CENP-A and CENP-B 
was determined by immunoblot (Euroline Systemic Sclerosis 
Nucleoli profile kit; Cat# DL 1532-6401 G, Euroimmun) follow-
ing the manufacturer’s protocol (Figure 3). Although this kit 
can determine reactivity to other antigens, for this study, we 
only considered reactivity to the CENP antigens. The manu-
facturer recommends interpretation of the line-blot result as: 
(-) negative; (+) one plus as borderline; (≥++) two “pluses” or 
more, as positive. Because one plus (borderline) may not rep-
resent true positives, as we have shown for other autoanti-
gens (26), we considered positive samples only those with the 
immunostaining intensity (≥++) two or more “pluses” (Fig. 3).
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Data analysis

Immunofluorescence images were processed and panels 
assembled using ImageJ v1.53r software. Statistical analy-
ses were performed using the software GraphPad Prism 
v7.0 or JASP v0.19.1. When comparing proportions, the 
two-tailed Fisher’s exact test was applied. Quantitative and 
semi-quantitative parameters were assessed for normality 
distribution with the Shapiro–Wilk test, followed by com-
parison with Mann–Whitney or Student t-test according to 
the distribution pattern. Correlations were evaluated with 
the Spearman r-test. P values were considered significant 
when below 0.05. A Venn diagram was built with the Venny 
2.1 online tool.

Results
There were 76 lcSSc patients, 38 classified into the AC-3 

group and 48 classified into the Non-AC-3 group according 
to the presence of circulating anti-centromere antibodies. 
Concerning the AC-3 group, 29 (76%) patients showed a pure 
AC-3 pattern (Figure 1A) and nine (24%) patients showed a 
combination of the AC-3 pattern and other HEp-2 IFA pat-
terns (Table 1). In this multiple pattern configuration, the 
centromere component tended to become more evident as 
the samples were further diluted (Figure 1B-C). 

All samples were evaluated for anti-CENP-B reactivity in 
an indirect ELISA (Figure 2). Surprisingly, two samples that 
were originally not classified in the AC-3 group also tested 
positive, with reactivity above the cutoff of 10 U/mL (blue 
data-points in Fig. 2A). These two samples (S34 and S47) 
were re-evaluated by serial dilution HEp-2 IFA and showed 

the discrete speckles at the metaphase plate typical of the 
centromere pattern at 1/640 and 1/320, respectively (arrows 
in Figure 1B and 1C). Consequently, we reclassified these 
two samples as containing more than one pattern, includ-
ing the AC-3, and thus part of the AC-3 group (n = 38). The 
AC-3 titer ranged from 1/80 to the highest dilution of 1/2560, 
with a median of 1/640 and a mean of 1/987 (Table 1 and 
Supplementary Fig. 1B).

As for the HEp-2 IFA pattern in the Non-AC-3 group, 
there were five negative samples (AC-0) and 43 with vari-
ous patterns, such as nuclear fine speckled (AC-4; n = 12), 
nuclear coarse speckled (AC-5; n = 9), nucleolar (AC-8/9/10; 
n = 15), DNA topoisomerase I (topo I)-like (AC-29; n = 7), 
and miscellaneous patterns (AC-11, AC-18, AC-19, AC-21, 
AC-25; n = 5), including six samples (14%) with more than 
one pattern.

 Regarding the anti-CENP-B reactivity measured by ELISA, 
three (8%) of the 38 samples with AC-3 had results below the 
cutoff (Fig. 2A), although all three samples had the AC-3 pat-
tern at moderate intensity (titer 1/320; examples in Figures 
1D and 1E). Therefore, 35 (92%) of the AC-3 samples were 
positive for anti-CENP-B by ELISA (Table 1).

Reactivity to CENP-B and CENP-A was also evaluated using 
a line-blot assay (Fig. 3). Most samples reacted with CENP-A 
and CENP-B (Fig. 4), and one sample reacted only with CENP-A 
(Fig. 3D). Seven samples reacted only with CENP-B (Figures 
3E and 4). Altogether, the line-blot assay with the 38 AC-3 
samples showed that 32 (84%) were reactive against CENP-B 
and 31 (82%) were reactive against CENP-A (Table 1 and 
Fig. 4). From the three samples negative for anti-CENP-B anti-
bodies in ELISA (Fig. 2A), two were positive for anti-CENP-B 

FIGURE 2 - Reactivity to CENP-
B in ELISA. (A) Anti-CENP-B 
reactivity tested by indirect 
ELISA. Distribution of anti-
CENP-B reactivity in U/mL. The 
cutoff (red dotted line) was set 
at 10 U/mL as recommended 
by the manufacturer. The two 
data points in green indicate 
the two samples in which AC-3 
was not initially reported, but 
it was observed in the HEp-
2-IFA upon re-evaluation with 
serial dilution, as detailed in 
Figures 1B and C. The blue line 
indicates the mean ±SD. (B) A 
representative standard four- 
parameter logistic curve for the 
ELISA with anti-CENP-B stan-
dards. (C) Correlation between 
Anti-CENP-B reactivity by ELISA 
and the AC-3 pattern titer.
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FIGURE 3 - Anti-CENP reacti-
vity in line-blot. (A-E) Euroline 
Systemic Sclerosis profile, (A-C) 
representative samples with 3 
pluses (+++) reactivity to anti-
CENP-A and B, (D) representa-
tive sample with anti-CENP-A 
reactivity (+++) and CENP-B 
(+/-) considered negative, and 
(E) representative sample with 
anti-CENP-B reactivity (+++) 
only. (F) Examples for interpre-
tation of line-blot results, only 
reactivity (≥++) was considered 
a true positive, as detailed in 
the methods. 

in the line-blot assay, and one (S55, Fig. 1E) was positive only 
for anti-CENP-A (Figs 3D and 4). 

When comparing the reactivity to CENP-B in ELISA and 
line-blot assay, 30 (79%) samples were reactive against 
CENP-B in ELISA and line-blot methods (Figure 4). One sample 
was reactive against CENP-B only in ELISA, and two samples 
were reactive against CENP-B only in line-blot. Altogether, 
all 38 AC-3 samples (100%) showed reactivity against either 
CENP-B or CENP-A in at least one of the antibody-specific 
immunoassays. Only one sample was reactive exclusively 
against CENP-A, meaning that 37 (97%) were reactive against 
CENP-B in at least one method (Figure 4). 

The correlation between the AC-3 titer in the HEp-2-IFA 
and the CENP-B reactivity in U/mL levels obtained in ELISA 
in the 38 AC-3 samples was high, r = 0.767 (95% Confidence 
Interval 0.587-0.875; p < 0.001). The correlation between the 
intensity of CENP-B reactivity in ELISA and the line-blot assay 

was satisfactory, r = 0.594 (95% CI 0.330-0.772; p < 0.001) 
(Table 1, Fig. 2C and Supplementary Figs 1C-F).

Clinical information was available for 20 patients from 
the AC-3 group (of whom 19 showed positive anti-CENP-B 
reactivity in ELISA and/or line-blot, and one showed reactiv-
ity only to CENP-A) and for 48 patients from the Non-AC-3 
group. The demographic data and clinical characteristics of 
these 68 lcSSc patients are depicted in Table 2. Patients in 
the AC-3 group were significantly older than those in the 
Non-AC-3 group, but the duration of the disease was simi-
lar in the two groups (Table 2 and Supplementary Fig. 1A). 
Regarding organ involvement, interstitial lung disease (ILD) 
was less frequently observed in patients in the AC-3 group 
(n = 2, 10.5%) compared to those in the Non-AC-3 group 
(n = 26, 54.2%; p = 0.001), but the other parameters of 
organ involvement had similar frequency in the two groups 
(Table 2).
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TABLE 1 - Anti-CENP-B/A reactivity in 38 samples with the AC-3 pattern

HEp-2 IFA Single pattern Multiple patterns (AC-3 + others§)

AC-3 pattern 29 (76.3%) 9 (23.7%)

Titer range 1/80 (n = 1) to 1/2560 (n = 6)

Median titer 1/640

Mean AC-3 titer (±SD) 1/987 (±1/809)

CENP-B ELISA Positives ≥10 U/mL Negatives <10 U/mL

Proportions 35 (92.1%) 3 (7.9%)

Median reactivity 141.5 5.5

Mean reactivity (±SD) 323.3 (±340.8) 5.3 (±4.7)

Line-Blot Positive (≥++) Negative (−) and Borderline (+)

CENP-B 32 (84.2%) 6 (15.8%)

CENP-A 31 (81.6%) 7 (18.4%)

Correlation # CENP-B ELISA Line-Blot 
CENP-B

Line-Blot 
CENP-A

AC-3 pattern titer 0.767*** 0.432** 0.419**

CENP-B ELISA − 0.594*** 0.578***

Line-Blot CENP-B − − 0.676***

§ AC-4, AC-7, AC-8, AC-11, AC-21, AC-26. # Spearman r; **p < 0.01; ***p < 0.001 

Discussion
In this study, we analyzed the clinical and demographic 

characteristics of lcSSc patients according to the presence of 
anti-centromere autoantibodies and investigated the anti-
CENP-B/A reactivity in samples displaying the AC-3 pattern 
in the HEp-2-IFA test. We showed that even among patients 
with the lcSSc subtype, the presence of antibodies against 
centromere was associated with a lower frequency of lung 
involvement, specifically ILD, which could suggest a better 
prognosis and less severe disease. As expected, we con-
firmed the strong association between the AC-3 pattern and 
anti-CENP-B/A, as 100% of the AC-3 samples were reactive 
against CENP-B and/or CENP-A in at least one of the used 
immunoassays. Interestingly, however, the concordance rate 
between the solid phase assays themselves was weaker, as 
the agreement in anti-CENP-B reactivity between the ELISA 
and line-blot methods was only 79% as opposed to 100% 
concordance between HEp-2 AC-3 pattern and anti-CENP-B/A 
reactivity in solid-phase immunoassays. We also confirmed 
previous findings indicating that CENP-B is the dominant 
centromere autoantigen, as 37 (97%) of the AC-3 samples 
recognized CENP-B in at least one solid phase immunoassay, 
whereas 31 (82%) of the AC-3 samples recognized CENP-A. 
In addition, among the 38 samples tested for antibodies to 
CENP-B and CENP-A, seven (~18%) reacted exclusively with 
CENP-B, and one (~3%) was reactive solely against CENP-A. 
This result aligns with the concept that the AC-3 pattern in 
the HEp-2 IFA test is strongly associated with autoantibodies 
to CENP-B and/or CENP-A, CENP-B being the dominant auto-
antigen (12,19,32). 

The first publications describing the targets of autoan-
tibodies that recognize centromeric antigens, namely the 
CENP proteins, as well as their association with lcSSc, date 
back almost half a century, resulting from studies conducted 
in Dr Eng Tan’s laboratory in the early 1980s. At that time, 
lcSSc was classified by the presence of calcinosis, Raynaud’s 
phenomenon, esophageal dysmotility, sclerodactyly, and 
telangiectasia, collectively known as the CREST syndrome 
(33-35). In SSc, as mentioned, the main autoantigens in 
samples with the AC-3 pattern are CENP-A and CENP-B (21). 
Interestingly, the primary epitope on CENP-A, the G/A-PR/S-
R-R motif, is also present on CENP-B and CENP-C. In fact, 
anti-CENP-A/B/C are frequently found in association in the 
same patient (18,19). It is important to note that the G/A-
PR/S-R-R motif is not the only target, as these autoantibodies 
likely recognize other non-shared antigenic regions, provid-
ing strong evidence of intra- and intermolecular epitope 
spreading (22). This is supported by our findings, where one 
patient showed reactivity only to CENP-A and seven showed 
reactivity only to CENP-B (and not to CENP-A), although 
we cannot rule out the presence of autoantibodies against 
other CENP antigens in these samples. Autoantibodies 
against CENP-A/B/C, as well as the less common CENP-D 
and CENP-E, and the very rare CENP-O (36), are all associ-
ated with lcSSc or the CREST syndrome (21,22,37). CENP-D 
is primarily of the IgM type and tends to disappear over 
time (38). Anti-CENP-E has been found in approximately 
40% of patients with anti-CENP (39). Autoantibodies against 
CENP-H are associated with Sjögren disease, particularly in 
patients without anti-Ro/La antibodies (40). Finally, perhaps 
the most distinctive among the non-CENP-A/B antigens is 
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CENP-F, a 330 kDa protein essential for cell cycle progres-
sion (41). Anti-CENP-F antibodies are associated with vari-
ous types of malignancies rather than SSc, primary biliary 
cholangitis or Sjögren disease (42,43). These autoantibod-
ies produce a different HEp-2 IFA pattern from the AC-3, 
referred to as the CENP-F-like pattern (AC-14) (41). The 
presence of anti-CENP-F antibodies may serve as a marker 
for cancer (44).

Choosing the most appropriate method to determine 
anti-centromere antibodies in patient samples is essential 
to ensure reliable results. In this study, no sample exhibited 
reactivity against CENP-B or CENP-A in the absence of the 
AC-3 pattern on the HEp-2 IFA. Conversely, all samples with 
the AC-3 pattern demonstrated reactivity against CENP-B/A in 
at least one assay. However, in some cases, the AC-3 pattern 

was visible only at higher dilutions and required a keen eye to 
identify the characteristic metaphase plate. Furthermore, we 
observed that some samples with the AC-3 pattern were neg-
ative in at least one of the solid-phase immunoassays. The 
concordance for CENP-B reactivity between ELISA and line-
blot was less than 80%. Since clinical laboratories often use 
only one type of kit, they may fail to report samples with anti-
centromere antibodies when relying solely on a solid-phase 
immunoassay. Thus, the data presented here provide addi-
tional evidence supporting the ACR/EULAR recommendation 
to use the indirect immunofluorescence assay on HEp-2 cells 
as the screening method for autoantibodies in rheumatic dis-
eases, as commented elsewhere (45,46), and to consider the 
reported pattern when interpreting solid-phase immunoas-
say results. 

FIGURE 4 - Venn diagram for 
anti-CENP-B/A reactivity in ELI-
SA and line-blot assays in sam-
ples from the AC-3 group.
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Previous studies have demonstrated that anti-centromere 
autoantibodies display a less severe SSc disease and better 
prognosis (11,32). In fact, anti-centromere autoantibodies 
correlate with less frequent elevations in serum creatine 
kinase, digital ulcers, joint contractures, interstitial lung dis-
ease (ILD), scleroderma renal crisis, arthritis, and myositis, 
among others (12,32). However, these studies have inferred 
these associations in cohorts of patients with both forms 
of SSc, raising the possibility that the obtained associations 
are secondary to the primary association of anti-centromere 
antibodies to lcSSc, the more benign form of the disease. In 
our cohort constituted exclusively by lcSSc patients, we could 
confirm a lower frequency of ILD among lcSSc patients with 
anti-centromere antibodies compared with those without 
these autoantibodies. This finding suggests that the presence 
of anti-centromere antibodies further discriminates a sub-
group of lcSS patients with a more favorable prognosis. In a 
cohort comprising exclusively lcSSc patients, anti-centromere 
antibodies were associated with better prognosis and less 
severe disease. As proposed by a recent publication, individ-
ual autoantibodies associate with specific SSc characteristics 
(32). Since ILD is the leading cause of death in SSc patients 
(47,48), our results suggest a less severe disease, indicated 
by the less frequent ILD in SSc patients with anti-centromere 
autoantibodies.

This study has some limitations that should be acknowl-
edged. First, it was a cross-sectional analysis, which does 
not allow for assessment of the longitudinal evolution of 
patients, including potential reclassification of the lcSSc 
over time. This, as well as the relatively short disease dura-
tion in many patients, may partially explain the presence of 
some autoantibodies typically associated with dcSSc in the 
Non-AC-3 group. Second, clinical data were not available for 
all of the patients with a positive AC-3 pattern; however, the 

clinical findings were consistent with previous cohorts from 
our region (29, 47). Third, while we compared HEp-2 IFA with 
two solid-phase immunoassays, there are other platforms, 
such as the bead-based assays. Notably, we did not evalu-
ate reactivity to CENP-A by ELISA. Finally, the relatively mod-
est sample size may limit the generalizability of the findings, 
particularly regarding the frequency of less common lcSSc 
manifestations such as pulmonary hypertension, suggesting 
longitudinal studies with larger cohorts may be appropriate.

Conclusion
In conclusion, ILD was less frequent in lcSSc patients with 

positive AC-3 pattern as compared to those with no anti-
centromere reactivity, which could suggest a less severe 
prognosis within the lcSSc spectrum for those patients 
with anti-CENP reactivity. All samples with the AC-3 cen-
tromere pattern in HEp-2 IFA displayed reactivity to CENP-B 
or CENP-A in at least one of the applied tests, meaning the 
HEp-2 IFA method was 100% sensitive in detecting antibod-
ies to CENP-A and CENP-B. One sample showed reactivity 
only to CENP-A, and of the 38 samples with AC-3, ~82% 
were positive for CENP-A. Regarding CENP-B reactivity, ~84% 
were positive by line-blot and ~92% by ELISA, but only 30 
samples were positive for CENP-B in both the ELISA and line-
blot methods, with a concordance of ˂80%. This means that 
anti-CENP-B is the predominant autoantibody in samples 
yielding the AC-3 pattern, but exclusive anti-CENP-A reactiv-
ity can also occur less frequently, as observed in only one 
sample in our cohort. 
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TABLE 2 - Demographic and clinical features of the lcSSc patients according to the presence of anti-centromere pattern (AC-3) in HEp-2 IFA 

Variable AC-3 pattern
(n = 20)

Non-AC-3
(n = 48)

P

Age, mean ± SD (years) 59.4 ± 12.5 50.5 ± 12.9 0.011

Female, n (%) 20 (100.0) 41 (85.4) 0.096

Disease duration,  
mean ± SD (years)

8.7 ± 6.3 6.6 ± 5.9  0.197

Organ involvement

Digital ulcers, n (%) 5 (26.3)* 17 (35.4) 0.571

Esophageal dysmotility, n (%) 14 (73.7)* 38 (79.2) 0.747

Arthritis, n (%) 6 (31.6)* 19 (39.6) 0.588

FVC% of predicted, mean ± SD 84.5 ± 13.5 84.7 ± 19.9 0.967

ILD, n (%) 2 (10.5)* 26 (54.2) 0.001

PAH, n (%) 2 (10.5)* 7 (14.6) 1.000

Cardiac involvement, n (%) 0 (0.0) 2 (4.2) 1.000

Scleroderma renal crisis, n (%) 0 (0.0) 2 (4.2) 1.000

FVC: forced vital capacity; ILD: interstitial lung disease; PAH: pulmonary arterial hypertension 
*Data available for 19 patients
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