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ABSTRACT
Objectives: Persistent human papilloma virus (HPV) infection is a risk factor for the progression of cervical neoplasia 
into invasive carcinoma. Many inflammatory markers obtaining from hemogram parameters as platelets, monocytes, 
lymphocytes, and neutrophils or their ratios are still under investigation in recent decades, especially in the oncology 
era. Indeed, there have not been enough data about the relationship between these parameters and cervical cancer in 
the literature. Our primary aim was to investigate the possible relationship between the persistent HPV, which is one 
of the significant risk factors of cervical cancer, and these inflammatory markers. Further, we can add an easy follow-up 
parameter in women with persistent HPV infection.

Material and methods: The study included patients between 30–65 years old, tested positive for HPV, and afterward 
had an HPV control test between January 2015 and June 2020.

Results: The study included 114 HPV DNA-positive patients. The mean age was 43 (standard deviation 8.7), and 41 of 
them (36%) had persistent HPV, but the remaining 73 (64%) did not. The baseline neutrophil/lymphocyte ratio (NLR) value 
was 2.1, platelet/lymphocyte ratio (PLR) was 133, monocyte/lymphocyte ratio (MLR) was 0.28, and systemic inflammation 
response index (SIRI) was 0.9. All the parameters were significantly higher in the persistent HPV group compared to the 
non-persistent group. Patients who had 0.65 and under this had a significantly lower risk of persistent HPV.

Conclusions: Persistent HPV disease can be predicted with an elevated SIRI, NLR, and other hematologic parameters. So, 
we can closely follow up with these patients with different algorithms to prevent cervical cancer.

Key words: systemic inflammation response index; neutrophil to lymphocyte ratio; platelet to lymphocyte ratio, per-
sistent HPV
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INTRODUCTION
Human papilloma virus (HPV) is a DNA virus that affects 

the epidermis and mucosa, and it has been transmitted 
by skin-to-skin contact. There are more than 100 different 
types of HPV; the two major groups are high and low risks 
for cancer [1]. The prevalence of HPV infection was around 
5% in Turkey, published by Gultekin et al., including more 
than 4 million women [2]. Other studies found different rang-
es according to the region and age between 13–45% [3, 4].  

Most HPV infections disappear within two years, but some 
persist, causing pre-malign cervical lesions as well as cervi-
cal cancer [5].

Persistent HPV infection is a risk factor for the progres-
sion of cervical neoplasia into invasive carcinoma [6]. Many 
studies showed that the persistence of HPV for a long time 
is crucial for cervical carcinogenesis. A systematic review 
found that HPV persistence is substantially linked to cervical 
intraepithelial neoplasia (CIN2-3) and, high-grade squamous 
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intraepithelial lesions (HSIL). Moreover, Longer durations of 
infection, longer test intervals for HPV, and higher-grade 
cervical illness all increased the magnitude of the effect of 
HPV persistence [7, 8].

Virchow found the connection between inflammation 
and cancer in 1863. Many hematologic parameters such as 
monocyte/lymphocyte ratio (MLR), neutrophil/lymphocyte 
ratio (NLR), platelet/lymphocyte ratio (PLR), systemic inflam-
mation response index (SIRI) have been studied further [9– 
–12]. Although some studies showed a relationship between 
cervical cancer and hematologic parameters, there was no 
study about persistent HPV relation and these parameters 
above, especially SIRI in the literature. Thus, this research 
aims to find a relation between persistent HPV with SIRI and 
other classic parameters.

Objectives
Persistent HPV infection is a risk factor for the progres-

sion of cervical neoplasia into invasive carcinoma. Many 
inflammatory markers obtaining from hemogram parame-
ters as platelets, monocytes, lymphocytes, and neutrophils 
or their ratios are still under investigation in recent decades, 
especially in the oncology era. Indeed, there have not been 
enough data about the relationship between these parame-
ters and cervical cancer in the literature. Our primary aim 
was to investigate the possible relationship between the 
persistent HPV, which is one of the significant risk factors 
of cervical cancer and these inflammatory markers. Further, 
we can add an easy follow-up parameter in women with 
persistent HPV infection. 

MATERIAL AND METHODS
This study was designed in two gynecology centers 

in Turkey: Afyonkarahisar Health Sciences University  
and Sakarya Training and Research Hospitals. The research 
is a retrospective study approved by the ethics committee, 
including HPV positive female patients. The study included 
patients who were between 30–65 years old, tested positive 
for HPV, and afterward, had an HPV control test between 
January 2015 and June 2020. Patients who had an active 
infection had been vaccinated for HPV or had a history of 
malignancy were not included in this study.

All patients underwent HPV genotyping and liquid 
smear tests (Roche Cell-IVD) while having a gynecologic 
examination. The Bethesda System was used to report the 
cervical cytopathologic examination. Abnormal results  
in this system are squamous cell carcinoma, adenocarcino-
ma in situ (AIS), atypical squamous cells of undetermined 
significance (ASC-US), atypical squamous cells cannot 
exclude HSIL (ASC-H), low-grade squamous intraepithelial 
lesion (LSIL), high grade squamous intraepithelial lesion 
(HSIL), atypical glandular cells not otherwise specified 

(AGC-NOS), atypical glandular cells, and suspicious for 
AIS or cancer (AGC-neoplastic). Our study used LGSIL  
and HGSIL because most of our pathology reports inc-
luded these two scores, so we excluded the other rare 
score. Cervical intraepithelial neoplasia (CIN) classification 
shows the abnormal growth of cervical surface cells. We 
accepted CIN 1 lesion as LSIL and CIN 2/3 lesion as HSIL 
according to The College of American Pathology and the 
American Society of Colposcopy and Cervical Pathology 
reports to reduce the heterogeneity of centers and pat-
hologists [13]. All patients controlled for HPV, in case the 
result was positive, the patient was followed up for at 
least 12 months and a retest was performed. In case of 
the same type of HPV being positive again, we accepted 
the patient as persistent for HPV.

Measurement of hematologic parameters
Complete blood counts and related parameters were 

obtained from the peripheral blood of patients before the di-
agnosis of HPV. An automated hematology analyzer counted 
peripheral neutrophils, lymphocytes, platelets, and mono-
cytes. NLR and PLR were defined as absolute neutrophil/ 
/platelet count, respectively, divided by absolute lympho-
cyte count. MLR was defined as an absolute monocyte count 
divided by absolute lymphocyte count. SIRI was calculated 
as neutrophil count multiplied by monocyte count divided 
by lymphocyte count (SIRI = N × M/L).

Statistical analysis
All analyses were done with SPSS version 22.0 (IBM Cor-

poration, New York, USA). Women who had positive HPV 
results were being followed up, and in case the second 
test was positive, the patient was accepted as persistent 
for HPV. Otherwise, if the control test was negative, it was 
accepted as non-persistent HPV infection. Co-infection with 
another type of HPV, was not considered as persistent type. 
A normality test was performed for all data and determined 
with standard deviation or interquartile range as appropri-
ate. Qualitative variables were analyzed with the chi-square 
test, and quantitative data analyzed with the Student t-test. 
Roc curve analysis calculated the cut off value for the SIRI 
score. P values lower than 0.05 were considered statistically 
significant.

RESULTS
The study included 114 HPV DNA positive patients.  

The mean age was 43 [standard aviation (SD) 8.7], and 41 of 
them (36%) had persistent HPV, but the remaining 73 (64%) 
did not. Persistent HPV types were shown in Figure 1. The most 
common three types of persistent HPV were 16, 31, and 35  
in our population. In this study, the mean hemoglobin level 
was 12.8 g/dL, white blood cell number was 7.7 mm3 × 1,000, 
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the neutrophil count was 4.6 mm3 × 1,000, and platelet 
count was 295 mm3 × 1,000.

The baseline NLR value was 2.1, PLR was 133, MLR 
was 0.28, and SIRI was 0.9. When we compare persistent  
and non-persistent groups, all four variables were signifi-
cantly different and shown in Table 1. All the parameters were 
significantly higher in the persistent HPV group. The persis-
tent HPV group had a significantly higher rate of HSIL/LSIL 
ratio (27/30 vs. 14/44) and the chi-square statistic is 6.7624.  
The p value is 0.00931.

Roc-curve analysis for SIRI with 0.65 value has 95% 
sensitivity and 79% specificity with AUC 0.71, shown in 
Figure 2. Patients who had 0.65 and under this SIRI value 
had a significantly lower risk of persistent HPV disease. 
One of 16 patients had a positive HPV in patients who had 
SIRI scores lower than 0.6 but, 40 of 98 patients had per-
sistent HPV disease in a patient with a higher SIRI score  
(The chi-square statistic is 7.1359. The p value is 0.0075).

DISCUSSION
This study found significantly higher NLR, PLR, and MLR 

values in patients with persistent HPV than the non-persis-
tent HPV group. Although this is the first time in the litera-
ture, according to our research, SIRI scores are significantly 
higher in the persistent HPV group. This score could predict 
the persistence risk of HPV; therefore, it can be a valuable 
hematologic marker to follow up HPV-positive patients.

One of the most common causes of sexually transmit-
ted infection is HPV in women and men. According to DNA 

sequence data, there are more than a hundred types of HPV, 
and they can be divided into high and low-risk types based 
on their association with pre-malign lesions and cervical  
cancer [14, 15]. The connection between HPV and  
cervical cancer has become well defined, and its contribu-
tion is more prominent than lung cancer with smoking [16]. 
It is accepted worldwide that more than 99% of cervical 
squamous cell cancer cases are related to HPV [17].

The systemic inflammation response index is a new bio-
marker calculated with peripheral blood neutrophil, mono-
cyte, and lymphocyte counts. It can be used for the prognosis 
of patients with cancer, for instance, pancreatic [12], esopha-
geal [10], and nasopharyngeal [18]. In a recent study, Chao 
et al. [9] found that SIRI was correlated with cervical cancer 
prognosis. They found a 1.25 cut-off value for SIRI. Above 
that, values were had worse outcomes, such as overall sur-
vival and recurrence. Higher NLR, PLR, and MLR values were 
significantly correlated with decreased overall survival for cer-

Table 1. Comparison of hematologic parameters in persistent and non-persistent human papilloma virus (HPV) groups

Variable Persistent HPV Non-persistent HPV p value

Number 41 73

NLR 2.6 (1.2) 1.8 (0.5) 0.0001

PLR 149 (54) 125 (34) 0.005

MLR 0.28 (0.1) 0.2 (0.05) 0.0001

SIRI 1.2 (0.5–5.7) 0.85 (0.3–2.6) 0.0001

NLR — neutrophil/lymphocyte ratio; PLR — platelet/lymphocye ratio; MLR — monocyte/lymphocye raito; SIRI — systemic inflammation response index

Figure 1. Persistent Human papilloma virus (HPV) DNA types

Figure 2. Receiver operating characteristic (ROC) curve anaylsis for 
systemic inflammation response index score
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vical cancer. The cut-off value was 2.8, 135, and 0.29, respec-
tively [9]. Another large cohort study found higher NLR, PLR,  
and MLR values significantly related with worse overall survival 
in cervical cancer, cut-off values were 2.4, 118, 0.26, respective-
ly [19]. Our research also supports these results, and besides, 
as a new marker, SIRI could be predictive for persistent HPV 
infection. Our study’s cut-off values were 2.6, 149, and 0.28,  
respectively, and 0.6 for SIRI. Nearly 10% of HPV infections 
tend to persist, most of them could clear spontaneously,  
and about 2% of them persist as a chronic disease and pro-
ceed to heterogenous dysplastic changes as LSIL or HSIL. 
The etiologic role of persistent infection with high risk-HPV 
in pre-malign lesions and cervical cancer is well known [20, 
21]. That’s why determining high-risk HPV types and follow-up 
for persistence are essential to diagnose cancer and early 
treatment if possible. This study found that SIRI is an easy and 
cheap method to predict the disease’s persistence.

Increased neutrophil counts following chemotherapy 
can cause a worse prognosis in biliary tract cancer [22]. 
Furthermore, peripheral absolute lymphocyte count has 
a predictive value for tumor shrinkage and survival in cer-
vical cancer patients following the definitive chemoradia-
tion. Besides, post-treatment lymphopenia was correlated 
with decreased overall survival [23, 24]. In a meta-analysis 
including 26 studies and more than 10.000 patients di-
agnosed with gynecologic cancers, reported that NLR 
higher than 2.95 was correlated with worse overall sur-
vival (OS) [hazard ratio (HR) 1.65, 95% confidence interval 
(CI), p < 0.001] [25]. To our knowledge, there is no study 
found any relation between the HPV and hematologic 
parameters other than oropharyngeal cancer. Our research 
found that persistent HPV can cause higher NLR, PLR, 
MLR, and SIRI values than the non-persistent type. We 
can all agree that it is easy to check these parameters while 
screening for HPV in the general population. According to  
the results, recommendations can be given to the patients 
such as short-term follow-up periods, different vaccina-
tion schedules, or detailed histologic analyses because of  
the higher value of those hematologic parameters more 
risk for cervical cancer.

It was not our primary aim, but there are much recent 
data about molecular and inflammatory pathways. HPV 
viruses aid carcinogenesis by exacerbating the accumula-
tion of UV-induced DNA breaks and somatic mutations with 
the expression of viral oncoproteins E6 and E7. E6 oncop-
rotein make a complex with p53 tumor suppressor protein, 
E7 protein binds to retinoblastoma (Rb) protein and both 
deploy the cell cycle checkpoints and cause a genomic 
instability then increase transformation rate of cells [26]. 
Furthermore, CD8+ T cells were limited to the stroma of 
dysplastic epithelium. They were missing in the lesioned 

epithelium of persistent cervical lesions and HPV-related 
malignancies; the presence of a cytotoxic CD8+ T cell infil-
tration correlates with increased patient survival [27]. In ad-
dition, Patients with chronic HPV infection had greater local 
and circulating Treg frequencies than those with regressed 
lesions. E-cadherin, an adhesion molecule, plays a glue 
role in persistent HPV infection between the Langerhans 
cells and keratinocytes [28]. Lastly, more recent mechanism 
investigated keratinocytes (KCs) and antigen-presenting 
cells (APC). KCs are a component of the innate immune 
system and express several toll-like receptors (TLRs) which 
trigger type I interferon (IFN) release and proinflamma-
tory cytokines such as tumor necrosis factor α (TNF-α) and 
interleukin 1 β (IL1-β) [29]. Active HPV infection and/or 
expression of E6/E7 oncoproteins were linked to deple-
tion of intraepithelial LCs in cervical precancerous lesions  
and invasive malignancies.

Furthermore, collecting LCs in biopsy specimens is sig-
nificantly associated with clearance of HPV infection in the 
cervix [30]. Also, it has shown that APCs were gradually dis-
appeared through the epidermis in HPV-related skin warts 
[31]. Taken together, all these data can show that LCs has 
unique role to control the HPV-induced lesions, and inhibi-
tion of LC function and infiltration might be an immune 
escape mechanism of HPV infections [32].

We have some limitations, such as the retrospective 
study, and we did not compare it with the healthy control 
group. Still, our primary aim was to investigate differences 
between the persistent and non-persistent group of HPV. 
HPV colonization was only limited to the cervix. It does not 
consider anal or oral colonization. Also, a relatively small 
number of patients was another limitation of this study.

On the other hand, there is no standardization for the 
screening and follow-up of HPV infection. P16 detection is 
a helpful method for differentiating HSIL and LSIL in cervi-
cal lesion [33]. Besides, predicting persistent HPV infection 
to prevent cancer progression is not easy, and DNA based 
methods such as p16 detection are not usable worldwide. 
That’s why our research is valuable, as the test is easily ap-
plicable in most clinics, and it could lead the way to plan  
the follow-up for the patients. However, prospective studies 
with larger patient populations are still needed.

CONCLUSIONS
In conclusion, persistent HPV disease can easily be pre-

dicted with elevated SIRI, NLR, and other hematologic pa-
rameters. Managing these patients should include different 
algorithms to prevent cervical cancer.
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