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ABSTRACT

Aims: Ankylosing spondylitis(AS) is the most common and characteristic form of Spondyloarthritis. The pan-immune inflammation
value(PIV) is a marker obtained from complete blood count parameters, which has been used as an inflammatory and immune
marker. In this study, we aimed to investigate the relationship between inflammation and disease activity in patients with AS and PIV.

Methods: In this prospective controlled study a total of 208 participants were included, consisting of 104 AS patients and 104 healthy
controls. Complete blood count values, including neutrophils, monocytes, lymphocytes, platelets, and also C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR), were measured in all participants. In AS group disease activity was assessed with Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI). The AS group was divided into two subgroups based on BASDAI score:
low disease activity(BASDAI score <4) and high disease activity(BASDAI score >4).The pan-immune inflammation value of patients
and the control group was calculated as neutrophil count x monocyte count x platelet count/lymphocyte count. Comparative analysis
was performed between the two groups, and these values were also compared based on the BASDAI.

Results: The AS group exhibited statistically higher values of CRP, monocytes, and PIV compared to the control group (p<0.001 for
all). Patients with BASDAI>4 had a statistically lower disease duration (p<0.001) and lymphocyte count (p:0.012) compared to those
with BASDAI<4. Patients with BASDAI > 4 had statistically higher values of CRP, ESR, neutrophils, platelets, and PIV compared to
those with BASDAI<4 (p<0.001, p<0.001, p<0.001, p:0.008, p<0.001 respectively). Strong positive correlation was found between
PIV and BASDAI (rho=0.790; p<0.001), moderate positive correlation with PIV and CRP (rho=0.467; p<0.001) and also positive
correlation was found between PIV and ESR (rho=0.326; p<0.001). The specificity and sensitivity of PIV using a cutoft value of
>309,2 were 80.0% and 86.0% respectively, for the active group.

Conclusion: Since the parameters comprising PIV are obtained from a complete blood count, it provides an advantage for its use as
a simple and cost-effective marker in ankylosing spondylitis patients. In our study, we demonstrated that PIV is sensitive and specific
in differentiating disease activity in patients with ankylosing spondylitis from healthy individuals and associated with disease activity.
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INTRODUCTION HLAB-47, HLAB-51 plays an important role in the

Ankylosing spondylitis (AS) is the most common and
characteristic form of Spondyloarthritis (SpA). AS is a
common inflammatory disease that primarily affects the
axial skeleton, sacroiliac joints and paraspinal soft tissues.
It can also manifest with extra-articular symptoms such
as anterior uveitis, inflammatory bowel disease, aortic
valve disease, and osteoporosis, as well as peripheral joint
involvement."?

While the exact pathogenesis of AS remains unclear,
it is known that an inflammatory process initiated by
certain environmental factors in individuals with genetic
predisposition. Not only human leukocyte antigen
B-27 (HLA B-27) but also the other HLA alleles like
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disease. The IL-23-IL-17 pathway plays a major role in
the pathophysiology of ankylosing spondylitis. Under
the influence of IL-6 and TGF-P, which enhance IL-
23R presentation on Th17 cells, CD4+ T cells transform
into IL-17-producing Th17 cells, initiating a response to
infections.?

It is important to diagnose the disease to prevent major
complications and for early treatment. AS usually shows
itself with chronic inflammatory lower back pain at the
third decade oflife. Along with clinical findings, a positive
family history, and partially supportive laboratory
tests accompanies.* Inflammatory lower back pain and
morning stiffness are common symptoms of AS, which
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lead to activity limitation and increased pain during the
active phase of the disease. Therefore, assessing disease
activity in AS is crucial for better understanding the
pathophysiology of AS and predicting disease prognosis.
There is no specific laboratory test that can diagnose
AS. Although acute phase reactants like erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP)
have been used at rheumatic diseases’ CRP has been
used as a useful parameter in the follow-up of the
progression of the disease. In some studies, it has been
found that an increase in CRP levels is associated with
radiological progression.® At the same time, CRP has also
been a useful parameter in making treatment decisions
and monitoring the response to treatment. A decrease
in CRP levels in patients undergoing Tumor Necrosis
Factor-alpha (TNF-a) blocking therapy may indicate
that the response is better.” However, they are not high
in all patients and do not always show disease activity. At
the same time, their use is limited due to their increase
in other infectious and inflammatory diseases and their
more pronounced increase in peripheral involvement
compared to axial involvement. Recently, hemogram
parameters have been investigated as a marker of
inflammation in the follow-up of various inflammatory
diseases. Such as lymphocyte monocyte ratio,* monocyte
hdl ratio,” systemic immune inflammation index.’® PIV
is one of these markers. Unlike SII, monocytes, which are
natural cells of the immune system, also participate in the
calculation of PIV therefore we think that it will be more
effective in showing disease activity. Imaging methods
are of great importance in the diagnosis and classification
of AS.1h12

The pan-immune inflammation value (PIV) is a marker
calculated from complete blood count parameters
and is used to assess the severity of inflammation. It is
confirmed that PIV will be used to evaluate the prognosis
in various oncological diseases.”” It has been shown to
be associated with clinical outcomes and lymphocytes
infiltrating tumors in esophageal cancer.'* Furthermore,
PIV has been reported as a promising predictor of long-
term outcomes in colorectal cancer patients.' In another
study, it was shown to have prognostic potential in breast
cancer patients treated with neoadjuvant chemotherapy.'®
In a different study evaluating the relationship between
survival and PIV in operated breast cancer patients, PIV
was found to be significant in predicting survival."”

Different outcome measures have been developed to
evaluate the disease activity in patients with AS. The
Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI) was the first of these measures and is a six-
question scale that assesses fatigue, axial involvement,
peripheral joint involvement, enthesopathy, and morning
stiffness. The scale is a visual analog scale with response

options being “none” scored as 0 to “very severe,” scored
as 10. According to the Assessment in SpondyloArthritis
international Society (ASAS) criteria of the international
spondyloarthritis  assessment group, those with
BASDAI>4 and above are considered active disease.'®*

In our study, we aimed to investigate the relationship
between inflamation and disease activity in patients with
AS and PIV

METHODS
This study was approved by Hitit University Clinical
Researches FEthics Committee (Date: 03.10.2023

Decision No: 2023-130), and all protocols involving
human subjects were conducted in strict accordance with
ethical guidelines outlined by the institutional and/or
national research governing body, the 1964 Declaration
of Helsinki, and its subsequent revisions or analogous
ethical criteria.

A total of 208 participants, including 104 ankylosing
spondylitis patients and 104 healthy individuals, were
included in our prospective controlled study. Patients with
acute infections, diabetes, a history of malignancy, those
using medications that could alter hemogram parameters,
and those whose ankylosing spondylitis treatment
had changed in the last three months were excluded.
Healthy participants were selected from individuals
who attended routine check-up and did not have acute
or chronic infections, a history of malignancy, a history
of medication use affecting hemogram parameters,
acquired immunodeficiency, or pregnancy. Demographic
data was recorded. Labarotory results of patients with
AS and healthy individuals were examined. Hemogram
parameters including neutrophils (10°/L), monocytes
(10°/L), lymphocytes (10°/L), platelets (10°/L), and also
CRP (mg/L) and ESR (mm/h) levels were recorded.
The pan-immune inflammatory index of patients and
the control group was calculated as neutrophil count x
monocyte count x platelet count/lymphocyte count. In
AS group disease activity was assessed with BASDAIL
It is a patient reported disease activity index. Higher
scores indicates the severe disease. The patient group was
divided into two subgroups according to the BASDAI
scores. Low activity group (BASDAI score <4) and high
activity group (BASDALI score >4). Comparative analysis
was performed between AS and control group and also
for the low activity and high activity groups.

Using the G*Power program for sampling calculation,
Kayhan et al?! calculated with the reference work of.
The total number of samples was calculated with the
parameters Effect size =0.51, a error probability =0.05,
Power (1-B error probability) =0.95 and number of
groups =2 (case/control ratio =1). According to the
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results obtained, the total number of samples is 208. To
calculate the minimum number of samples per group,
the total number of samples was divided by the number
of groups. According to this calculation, a minimum of
104 people per group will be included in the study.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics Standard
Concurrent User V 29 (IBM Corp., Armonk, New
York, USA). Descriptive statistics were presented as the
number of units (n), percentages (%), means + standard
deviations, medians, and interquartile ranges. The
normal distribution of data for numerical variables was
assessed using the Shapiro-Wilk normality test. Variance
homogeneity of groups was analyzed using the Levene test.
The distribution of groups by gender was evaluated using
the chi-square test. For numerical variables, two-group
comparisons were conducted with independent samples
t-tests if the data showed a normal distribution, and with
Mann-Whitney U tests if the data did not exhibit a normal
distribution. PIV values for control, BASDAI <4, and
BASDALI >4 patients were compared using the Kruskal-
Wallis H test. Post hoc comparisons were conducted
using the Dunn-Bonferroni test. The relationship between
BASDALI and the pan-immune-inflammation index was
evaluated through Spearman correlation analysis.”> The
potential of the pan-immune-inflammation index to serve
as a biomarker in AS groups was assessed using receiver
operating characteristic (ROC) Curve analysis. A p-value
of <0.05 was considered statistically significant.

RESULTS

In this study 102 patients with AS and 102 healthy
controls were evaluated. The demographic and blood
parameters are presented in Table 1. Groups are similar
in age (p:0,109) and sex. The CRP, monocyte, and PIV
values are statistically higher in AS group (p<0.001,
p<0.001, p<0.001 respectively). There are no statistically
significant differences in the other variable values
between the groups.

When patients with AS divided into two subgroups
according to BASDALI there is no statistically significant
difference in age and sex between low activity group and
high activity group. The disease duration and lymphocyte
counts of patients in the BASDAI > 4 group are statistically
lower. The CRP, ESR, hemoglobin, neutrophil, platelet,
and PIV values of patients in the BASDAI > 4 group are
statistically higher (p<0.001, p<0.001, p:0.028, p<0.001,
p:0.008, p<0.001 respectively) (Table 2).

According to the correlation analysis between BASDAI
and the PIV, a statistically significant strong positive
correlation was found between the two variables
(rho=0.790; p<0.001) (Figure 1)
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Table 1: Demographic and Labaratory findings of groups

Groups Test statistics
AS control Test

n=104 n=104 value Pvalue
Age, (year) 42.2+10.4 44.5+10.5 1.611  0.109t
Sex, n (%)
Male 59 (56.7) 59 (56.7) = =
Female 45 (43.3) 45 (43.3)
CRP 6.70 (13.04)  3.22(0.89) 3.783 <0.001&
ESR 12.0 (16.0) 9.0 (11.8) 1.837 0.066&
Hemoglobin 13.85+1.65 14.10+1.63 1.097  0.274t
Neutrophil 4.55+1.18 4.26+1.41 1.593  0.113%
Monocyte 0.60+0.11 0.48+0.16 6.630 <0.001%
Lenfocyte 2.34+0.61 2.40+0.67 0.754  0.452%
Neutrophil (%) 57.1249.01 54.40+8.44 1.840  0.068+
Lenfocyte (%) 31.51+8.11 34.38+8.06 2.094 0.0387
Platelet 273.5(79.0)  262.5(98.5) 1.205 0.228&
PIV 306.6 (127.6) 195.8 (180.4) 5.633 <0.001&

CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, PIV: Pan-immune
inflammation value, n: Number of patients, %: Percentage of columns, numerical data
are given as meantstandard deviation or median (interquartile range) values. 1: T test

in independent samples, & Mann-Whitney U test

Tablo 2. Comparison of variables according to BASDAI groups

BASDAI Test statistics
<4 >4 Test

n=60 n=44 value P value
Age, (year) 41.9+11.2 42.5+9.3 0.274  0.784%
Sex, n (%)
Male 29 (48.3) 30 (68.2) 3.306  0.069%
Female 31 (51.7) 14 (31.8)
glils(fstsﬁ)duraﬁon’ 205(152)  65(62) 5848 <0.001&
CRP 3.21(2.90) 15.00(18.50) 6.715 <0.001&
ESR 9.0(13.7)  19.0(25.0) 3515 <0.001&
Hemoglobin 13.54+1.64 14.26+1.59 2.224  0.028%
Neutrophil 4.14+0.87 5.10+1.32 4.196 <0.001%
Monocyte 0.59+0.11 0.62+0.10 1.447  0.151%
Lenfocyte 2.46+0.58 2.16+0.60 2.560 0.012t
Neutrophil (%) 56.76+8.44  57.72+10.05 0.429  0.6691
Lenfocyte (%) 32.43+7.78 29.96+8.58 1.234  0.221¢%
Platelet 266.5 (78.7)  285.0(77.5)  2.649  0.008&
PIV 247.3(99.8) 415.4(216.1) 6.895 <0.001&

CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, PIV: Pan-immune
inflammation value n: Number of patients, %: Percentage of columns, numerical data
are given as mean+standard deviation or median (interquartile range) values. ¥: T test
in independent samples, &: Mann-Whitney U test, $: Kikare test
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Figure 1. Graph of the relationship between BASDAI and pan-
immune-inflammation value
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Figure 2. Pan-immune-inflammation value of the groups

There is a statistically significant difference in PIV
between the control group, BASDAI <4 (p<0.001), and
BASDALI > 4 patients. The PIV of BASDAI > 4 patients
are statistically higher than those of the control group
and BASDAI <4 patients (p<0.001). However, there is
no statistically significant difference in PIV between
the control group and BASDAI <4 patients (p:0,097)
(Table 3).

According to the correlation analysis between CRP
and PIV, a statistically significant moderate positive
correlation was found between the two variables
(rho=0.467; p<0.001). Also there is a statistically
significant weak positive correlation was found between
PIV and ESR (rho=0.326; p<0.001).

The performance of the PIV in predicting BASDAI
groups was evaluated using ROC Curve analysis.
According to the analysis, all areas under the curve
are statistically significant, and the Pan-Immune-
Inflammation Value reached the highest AUC value in
the analysis for BASDAI <4 and BASDAI >4 groups. The
obtained AUC value for distinguishing BASDAI <4 and
BASDAI >4 patients is 0.897. When the PIV is>309.2,
a sensitivity of 86.0% and a specificity of 80.0% are
achieved (Table 4).

DISCUSSION

As our knowledge this is the first study which demonstrated
that PIV levels were higher in patients with AS and
correlated with disease activity. Also PIV was positively
correlated with BASDAI, CRP and ESR. Ankylosing
spondylitis (AS) is a common rheumatic disease
characterized by chronic inflammation of the axial joints,
primarily affecting the sacroiliac joints, spinal processes,
and paraspinal soft tissues. The etiology of the disease is
unknown. The first symptoms of the disease usually appear
before the age of 30, and it predominantly affects men
compared to women.” In our study, we also observed that
the group with high disease activity had a higher number
of male patients compared to female patients.

The immune system plays a crucial role in the
pathophysiology of AS. Neutrophils play a role in the
release of chemokines, cytokines, and growth factors,
while platelets are involved in the increased levels of
cytokines in inflammation. Inflammatory events lead
to an increase in neutrophils, monocytes, and platelets,
while lymphocyte levels decrease.** Various markers
have been used in AS from past to present. There is not
yet a definitive marker to assess systemic inflammation
in patient with AS. Previously, the neutrophil lenfocyte
ratio, platellet lenfocyte ratio systemic immune
inflammation index have been used to indicate prognosis
and disease activity in AS.>?*” PIV is a newly developed
index and includes all four main parameters of the
complete blood count together neutrophil, monocyte,
platelet and lymphocyte counts. PIV may be superior in
demonstrating systemic inflammation compared to NLR
and PLR but more studies on this issue are needed.

In our study, when the AS patient group was compared
with the healthy control group, it was observed that the
patient group had higher platelet and neutrophil counts
and lower lymphocyte counts. Studies shown that in AS,
with increasing inflammation, neutrophil and platelet

Table 3: Comparison of pan-immune-inflammation value by control and BASDAI groups

Groups Test Statistics Pairwaise Comparisons
Control BASDAI <4 BASDAI >4 H val val Control vs Control vs BASDAI <4 vs
n=104 n=60 n=44 aue  PVAME  BASDAI<4  BASDAI>4 BASDAI >4
PIV 195.8 (180.4) 247.3 (99.8) 415.4 (216.1) 58.490 <0.001 0.097 <0.001 <0.001
BASDAL: Bath Ankylosing Spondylitis Disease Activity Index , PIV: Pan-immune inflammation value The numerical data are given as the median (interquartile range) values. H:
Kruskal-Wallis test

Table 4. Evaluation of the performance of the pan-immune-inflammation index in predicting BASDAI groups by ROC curve analysis

AUC (95.0% CI) P Cutoff Sensitivity (95.0% CI) Specificity (95.0% CI)
Control vs AS 0.726 (0.660-0.785) <0.001 >225.8 82.7 (74.0-89.4) 65.4 (55.4-74.4)
Control vs BASDAI<4 0.643 (0.564-0.716) <0.001 >219.3 73.3 (60.3-83.9) 62.5 (52.5-71.8)
Control vs BASDAI>4 0.840 (0.771-0.895) <0.001 >243.9 100 (92.0-100.0) 69.2 (59.4-77.9)
BASDAI<4 vs BASDAI>4 0.897 (0.822-0.948) <0.001 >309.2 86.0 (72.6-94.8) 80.0 (67.7-89.2)

AS: Ankylosing spondylitis BASDAI: Bath Ankylosing Spondylitis Disease Activity Index AUC: Area under the curve, CI: Confidence interval
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levels increase, while lymphocyte numbers decrease,
which is consistent with our findings.

In our study it was found that according to the disease
activity in AS determined with BASDAI, neutrophil
and platelet levels increased and lymphocyte numbers
decreased in patients with increased inflammation,
similar to the studies in the literature.?® There is no clear
relationship between the clinical and imaging findings
of acute phase reactants such as CRP, ESR and the
progression of the disease in the evaluation of disease
activity in AS patients. A study conducted by Liu et
al. found that neither CRP nor ESR were superior in
evaluating disease activity in ankylosing spondylitis
patients.” However, there are also studies in the literature
that show a positive correlation between the disease
activity of ankylosing spondylitis patients and CRP,
ESR levels. In the literature review conducted by Ruof
and colleagues, there are data that acute phase reactants
correlate with the activity of ankylosing spondylitis
patients.*® We also observed that the CRP and ESR values
of patients with high BASDALI in the patient group were
higher compared to the control group.

PIV has been used mostly as a prognostic biomarker
in cancer diseases in the literature obtained from
complete blood count parameters.’** In a meta-analysis
conducted by Giiven et al.” it was stated that PIV may
be a prognostic biomarker in cancer. A study conducted
with peritoneal dialysis patients found that the initial
PIV was significantly associated with an increased risk
of death due to all causes, cardiovascular diseases and
infection.* In a retrospective study conducted in patients
with membranous nephropathy, it was found that PIV is
a reliable marker for predicting a non-remission state.35
PIV was studied at some rheumatological diseases,
rheumatoid arthritis,® antineutrophil cytoplasmic
antibody-associated  vasculitis =~ (AAV), familian
mediterrenean fever (FMF). Tutan et al’ found an
association between PIV and disease activity at romatoid
artritis. Lee et al.”® found an association between worse
prognosis and high PIV levels in patients with AAV. In
the previous study in FME patients were groupped as
FMF gene mutations PIV were found higher in all groups
but they foun no difference between the groups.*

In our study, it was also found that the patients’ PIV level
was sensitive and specific when the disease activity of
their patients was high (BASDAI >4). Again, we found in
our study that PIV significantly correlated with increased
CRP and ESR levels in ankylosing spondylitis patients
during periods when their diseases are active.

Since PIV contains parameters that play a role in
immunity and inflammation, we tried to show in
our study that it can be a biomarker that can indicate
inflammation in chronic diseases. We think that with
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PIV we can get information about the disease activity of
patients just by looking at the complete blood count. PIV
is simple, low-cost and easy to access in routine clinical
settings compared to the other serum markers.

The assessment of disease activity in AS is challenging,
and also its is important because we decide on treatment
according to disease activity and evaluate response to
treatment. However, acute-phase reactants like CRP and
ESR are often used to monitor the disease and treatment
response. In our study, when looking at the BASDAI
level of the patient group, it was observed that the CRP
and ESR values of patients with high BASDAI were
higher than those in the control group. And also PIV is
associated with BASDAI, CRP and ESR levels.

Our results demonstrated that PIV levels were
significantly higher in AS patients with high disease
activity (BASDAI >4). PIV showed high sensitivity and
specificity in distinguishing AS patients with high disease
activity from those with low disease activity. This suggests
that PIV can be a valuable marker for assessing disease
activity in AS. In the previous study in patients with RA,
PIV is associated with disease activity as our study.

Limitations

The medications used by patients with AS and their effect
on PIV were not evaluated in our study. In addition,
patients were evaluated once and the relationship
between disease activity and PIV was not investigated in
long-term follow-up.

CONCLUSION

One of the key advantages of PIV is that the parameters
used to calculate are obtained from a simple and
inexpensive complete blood count. According to our
study, PIV can be a useful marker for assessing disease
activity in ankylosing spondylitis, especially in patients
with high disease activity and those who may not have
access to more specialized tests. PIV may provide a
valuable tool for clinicians to monitor and manage AS
patients more effectively. However, further research and
validation in larger and diverse populations are needed
to confirm its clinical utility.

ETHICAL DECLARATIONS

Ethics Committee Approval

Ethics committee approval was obtained from Hitit
University Clinical Researches Ethics Committee (Date:
03.10.2023 Decision No: 2023-130).

Informed Consent
Written consent was obtained from the patient
participating in this study.



Anatolian Curr Med J. 2024;6(1):48-54

Sen Uzeli et al. Pan-immune inflammation value as a biomarker in ankylosing spondilitis

Referee Evaluation Process
Externally peer-reviewed.

Conflict of Interest Statement
The authors have no conflicts of interest to declare.

Financial Disclosure
The authors declared that this study has received no
financial support.

Author Contributions

All of the authors declare that they have all participated
in the design, execution, and analysis of the paper and
that they have approved the final version.

REFERENCES

1.

10.

11.

12.

. Poddubnyy D. Classification vs

Stolwijk C, Essers I, van Tubergen A, et al. The epidemiology
of extra-articular manifestations in ankylosing spondylitis:
a population-based matched cohort study. Ann Rheum Dis.
2015;74(7):1373-1378.d0i:10.1136/annrheumdis-2014-205253

. Lee JH, Choi M, Rim THT, Lee SC, Lee CS. Clinical

characteristics and prognostic factors in ankylosing spondylitis
associated uveitis. Ocul Immunol Inflamm. 2019;27(1):64-69. doi:
10.1080/09273948.2017.1359630

. Mauro D, Thomas R, Guggino G, Lories R, Brown MA, Ciccia

E Ankylosingspondylitis: an autoimmune or autoinflammatory
disease? Nat Rev Rheumatol. 2021;17(7):387-404. doi: 10.1038/
$41584-021-00625-y

diagnostic criteria: the

challenge of diagnosing axial spondyloarthritis. Rheumatol.
2020;59(Suppl4):iv6-ivl7. doi: 10.1093/rheumatology/keaa250

. Colglazier CL, Sutej PG. Laboratory testing in the rheumatic

diseases: a practical review. South Med J. 2005;98(2):185-191. doi:
10.1097/01.SMJ.0000153572.22346.E9

. Poddubnyy D, Haibel H, Listing J, et al. Baseline radiographic

damage, elevated acute-phase reactant levels, and cigarette
smoking status predict spinal radiographic progression in early
axial spondylarthritis. Arthritis Rheum. 2012;64(5):1388-1398.

. Glintborg B, Ostergaard M, Krogh NS, Dreyer L, Kristensen

HL, Hetland ML. Predictors of treatment response and drug
continuation in 842 patients with ankylosing spondylitis
treated with anti-tumour necrosis factor: results from 8 years’
surveillance in the Danish nationwide DANBIO registry. Ann
Rheum Dis. 2010;69(11):2002-2008.

. Mandaliya H, Jones M, Oldmeadow C, Nordman IIC.

Prognosticbiomarkers in stage IV non-small cell lung cancer
(NSCLC): neutrophil to lymphocyte ratio (NLR), lymphocyte to
monocyte ratio (LMR), platelet to lymphocyte ratio (PLR) and
advanced lung cancer inflammation index (ALI). Transl Lung
Cancer Res. 2019;8(6):886-889.

. Kadihasanoglu M, Karabay E, Yucetas U, Erkan E, Ozbek

E. Relation between monocyteto high-density lipoprotein
cholesterol ratio and presence and severity of erectile dysfunction.
Aktuelle Urol. 2018;7(03):256-261.

Ruof J, Stucki G. Validity aspects of erythrocyte sedimentation
rate and C-reactive protein in ankylosing spondylitis: a literature
review. ] Rheumatol. 1999;26(4):966-970.

Elyan M, Khan MA. Diagnosing ankylosing spondylitis. J
Rheumatol Suppl. 2006;78:12-23.

Wu ], Yan L, Chai K. Systemic immune-inflammation index
is associated with disease activity in patients with ankylosing
spondylitis. J Clin Lab Anal. 2021;35(9):e23964. doi: 10.1002/
jcla.23964

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ulutas F, Cobankara V. Pan-immune-inflammation value
(PIIV) in lupus nephritis. Med Sci Discov. 2023;10(4):234-238.
10.36472/msd.v10i4.918

Baba Y, Nakagawa S, Toihata T, et al. Pan-immune-inflammation
value and prognosis in patients with esophageal cancer. Ann
Surg Open. 2022;3(1):e113.

Yang XC, LiuH, LiuDC, Tong C, Liang XW, Chen RH. Prognostic
value of pan-immune-inflammation value in colorectal cancer
patients: a systematic review and meta-analysis. Front Oncol.
2022;12:1036890

TruffiM, Sottotetti F, GafniN, etal. Prognostic potential ofimmune
inflammatory biomarkers in breast cancer patients treated with
neoadjuvant chemotherapy. Cancers. 2022;14(21):5287.

Lin F, Zhang LP, Xie SY, et al. Pan-immune-inflammation value:
a new prognostic index in operative breast cancer. Front Oncol.
2022;12:830138

Van der Heijde D, Lie E, Kvien TK, et al. Assessment of
SpondyloArthritis international Society (ASAS). ASDAS, a
highly discriminatory ASAS-endorsed disease activity score
in patients with ankylosing spondylitis. Ann Rheum Dis.
2009;68(12):1811-1818. doi:10.1136/ard.2008.100826

Van der Heijde D, Sieper J, Maksymowych WP, et al; Assessment
of SpondyloArthritis International Society. 2010 update of the
international ASAS recommendations for the use of anti-TNF
agents in patients with axial spondyloarthritis. Ann Rheum Dis.
2011;70(6):905-908. doi: 10.1136/ard.2011.151563

Braun ], Pham T, Sieper J, et al. International ASAS consensus
statement for the use of anti-tumour necrosis factor agents in
patients with ankylosing spondylitis. Ann Rheum Dis. 2003;
62(9):817-824.

Kayhan S, Aydin Isak O. The significance of pan-immune
inflammation value and systemic immune inflammation index in
colorectal cancer screening. Turk J Clin Lab. 2021;12(3):273-277

Wiley. CMT Level II 2018: Theory and Analysis. John Wiley &
Sons:2018

Wright GC, Kaine J, Deodhar A. Understanding differences
between men and women with axial spondyloarthritis. Semin
Arthritis Rheum. 2020;50(4):687-694. doi:10.1016/ j.semarthrit
.2020.05.005

Mantovani A, Cassatella MA, Costantini C, Jaillon S.
Neutrophils in the activation and regulation of innate and
adaptive immunity. Nat Rev Immunol. 2011;11(8):519-531.
doi:10.1038/nri3024

Wu J, Yan L, Chai K. Systemic immune-inflammation index
is associated with disease activity in patients with ankylosing
spondylitis. J Clin Lab Anal. 2021;35(9):€23964. doi: 10.1002/
jcla.23964

Shanshan Xu, Yubo Ma, Meng Wu, et al. Neutrophil lymphocyte
ratio in patients with ankylosing spondylitis: a systematic
review and meta-analysis. Modern Rheumatol. 2020;30(1):141-
148. doi.org/10.1080/14397595.2018.1564165

Boyraz I, Kog¢ B, Boyact A, Tutoglu A, Sarman H, Ozkan H.
Ratio of neutrophil/lymphocyte and platelet/lymphocyte in
patient with ankylosing spondylitis that are treating with anti-
TNE. Int J Clin Exp Med. 2014;7(9):2912-2915.

Dogan M, Boyacioglu Z, Dogan AG. Evaluation of neutrophyl/
lymphocyte ratio, platelet/lymphocyte ratio and mean platelet
volume according to the disease activity index in patients of
ankylosing spondylitis. ] Health Sci Med. 2022;5(1):247-251.

Spoorenberg A, van der Heijde D, de Klerk E, et al. Relative
value of erythrocyte sedimentation rate and C-reactive protein
in assessment of disease activity in ankylosing spondylitis. J
Rheumatol. 1999;26(4):980-984.

Ruof ], Stucki G. Validity aspects of erythrocyte sedimentation
rate and C-reactive protein in ankylosing spondylitis: a
literature review. ] Rheumatol. 1999;26(4):966-970.

53



Sen Uzeli et al. Pan-immune inflammation value as a biomarker in ankylosing spondilitis

Anatolian Curr Med J. 2024;6(1):48-54

31.

32.

33.

34.

35.

36.

37.

38.

39.

54

Baba Y, Nakagawa S, Toihata T, et al. Pan-immune-inflammation
value and prognosis in patients with esophageal cancer. Ann Surg
Open. 2021;3(1):e113. doi:10.1097/AS9.0000000000000113

Truffi M, Sottotetti F, Gafni N, et al. Prognostic potential
of immune inflammatory biomarkers in breast cancer
patients treated with neoadjuvant chemotherapy. Cancers.
2022;14(21):5287. d0i:10.3390/cancers14215287

Guven DC, Sahin TK, Erul E, Kilickap S, Gambichler T, Aksoy
S. The association between the pan-immune-inflammation value
and cancer prognosis: a systematic review and meta-analysis.
Cancers. 2022;14(11):2675. d0i:10.3390/cancers14112675

Zhang E Li L, Wu X, et al. Pan-immune-inflammation value is
associated with poor prognosis in patients undergoing peritoneal
dialysis. Ren Fail. 2023;45(1):2158103. doi:10.1080/0886022X.
2022.2158103

Kazan DE, Kazan S. Systemic immune inflammation index
and pan-immune inflammation value as prognostic markers in
patients with idiopathic low and moderate risk membranous
nephropathy. Eur Rev Med Pharmacol Sci. 2023;27(2):642-648.
doi:10.26355/eurrev_202301_31065

Rudwaleit M, Haibel H, Baraliakos X, et al. The early disease
stage in axial spondylarthritis: results from the German
Spondyloarthritis Inception Cohort. J] Am College Rheumatol.
2009;60(3):717-727.

Tutan D, Dogan AG. Pan-immune-inflammation index as a
biomarker for rheumatoid arthritis progression and diagnosis.
Cureus. 2023;15(10):e46609

Lee LE, Ahn SS, Pyo JY, Song JJ, Park YB, Lee SW. Pan-immune-
inflammation value at diagnosis independently predicts all-cause
mortality in patients with antineutrophil cytoplasmic antibody-
associated vasculitis. Clin Exp Rheumatol. 2021;39(2):588-S93.

Ulutas F, Aydin M. Pan-immune-inflammation value in FMF
patients. Med Sci Discov. 2023;10(6):364-367.



