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Summary: Objectives: To evaluate whether there is an association between the colposcopic lesion area and hematological parameters in 
patients with cervical intraepithelial neoplasia (CIN) 2/ 3. Material and methods: Women with CIN 2/ 3 were included in the study (N = 62). 
Colposcopic lesion area was measured by Image J software. Genotyping for human papillomavirus (HPV) 16, 18, 45 and 52 was performed 
by PCR. Hematologic parameters were evaluated. Results: The cut-off value of monocytes was ≤ 490.77/ mm3, with a sensitivity of 92.3%, and 
a specificity of 44% (AUC = 0.662; P = 0.048). For red cell distribution width (RDW), the cut-off value was > 12.9%, with a sensitivity of 84.6% and 
a specificity of 55.1% (AUC = 0.661; P = 0.028). In univariate analysis, monocyte count ≤ 490.77/ mm3 and RDW > 12.9% were associated with 
a colposcopic area > 0.88 cm2 (P = 0.035; P = 0.015, resp.). After multivariate analysis, considering the cofactors age, CIN grade, smoking and 
HPV type, only RDW remained independent factor OR (95% CI) = 12.825 (1.348– 121.971), P = 0.026. Conclusion: Monocyte count and RDW are 
associated with the lesion colposcopic area. The blood count is a simple, minimally invasive and inexpensive test, associated with the growth of 
precursor lesions of cervical cancer, and may, in the future, have the potential to be used in the public health system.
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Souhrn: Cíle: Vyhodnotit, zda existuje souvislost mezi kolposkopickou oblastí léze a hematologickými parametry u pacientek s intraepiteliální neoplazií 
děložního hrdla (CIN) 2/ 3. Materiály a metody: Do studie byly zařazeny ženy s CIN 2/ 3 (n = 62). Kolposkopická oblast léze byla měřena pomocí softwaru 
Image J. Genotypizace lidského papilomaviru (HPV) 16, 18, 45 a 52 byla provedena pomocí PCR. Hodnotili jsme hematologické parametry. Výsledky: 
Hraniční hodnota monocytů byla ≤ 490,77/ mm3, s citlivostí 92,3 % a specificitou 44 % (AUC = 0,662; p = 0,048). Pro distribuční šíře erytrocytů (RDW – 
red cell distribution width) byla mezní hodnota > 12,9 %, s citlivostí 84,6 % a specificitou 55,1 % (AUC = 0,661; p = 0,028). V univariantní analýze byl 
počet monocytů ≤ 490,77/ mm3 a RDW > 12,9 % byl asociován s kolposkopickou plochou > 0,88 cm2 (p = 0,035; resp. p = 0,015). Po multivariační 
analýze zohledňující kofaktory, jako je věk, stupeň CIN, kouření a typ HPV, jako jediný nezávislý faktor RDW zůstal OR (95% CI) = 12,825 (1,348– 121,971); 
p = 0,026. Závěr: Počet monocytů a RDW souvisí s kolposkopickou plochou léze. Krevní obraz je jednoduchý, minimálně invazivní a levný test, který je 
spojen s růstem prekurzorových lézí rakoviny děložního čípku a v budoucnu by mohl být potenciálně použit ve veřejném zdravotnictví.

Klíčová slova: high-grade skvamózní intraepiteliální léze –  krevní obraz –  kolposkopie –  lidský papilomavirus

of cytological abnormalities. Therefore, 
colposcopy plays a crucial role in identi-
fying and monitoring these injuries, al-
lowing decisions to be made about treat-
ment and appropriate management [1].

and severity of these lesions. Based on 
the study by Jarmulowicz et al., the area 
of the colposcopic lesion is directly re-
lated to the cytological status. The larger 
the lesion area, the greater the likelihood 

Introduction
Colposcopy is used to evaluate lesions of 
the female genital tract, especially cervi-
cal intraepithelial neoplasia (CIN), being 
an important tool for analyzing the extent 
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limited in developing countries. To our 
knowledge, this is the first manuscript in 
the literature that relates hematological 
parameters with the colposcopic lesion 
area, demonstrating that even in premalig-
nant lesions restricted to the cervix there is 
already a systemic inflammatory response.

The objective of the study was to 
evaluate whether there is a relationship 
between the lesion area recorded by col-
poscopy and hematological parameters.

Materials and methodology
A study was carried out at the Gyneco-
logical Oncology Service. Women with 
a  confirmed histological diagnosis of 
cervical intraepithelial neoplasia grades 
2/ 3  (CIN 2/ 3) through colposcopy and 
cervical biopsy were included in the 
study. Exclusion criteria were pregnancy, 
presence of acute infections, immuno-
suppressive diseases, infectious diseases 
(except HPV infection), and use of immu-
nosuppressive medications. Therefore, 
62 patients were included in the study.

Research Ethics Committee approved 
the study (protocol number 37116220.0. 
0000.5154). All patients included in the 
study signed a consent form.

All patients in the study underwent 
a  colposcopy examination. The exami-
nation targeted the best locations for an 
appropriate cervical biopsy. Colposcopic 
images were captured and archived in 
a study database. Subsequently, the im-
ages were analyzed to measure the area 
of the lesion. The Image J program was 
used to calculate the area of the lesions 
in cm2. When the lesions were multiple, 
the areas of all lesions were added to-
gether, calculating the total area of the 
lesion. All photos were recorded with 
the same colposcope at the same mag-
nification (16×) (Fig. 1).

All patients with a confirmed diagnosis 
of CIN2/ 3 underwent surgical treatment 
(high-frequency surgery –  LEEP, cold 
conization, or rarely hysterectomy, except 
for one patient with CIN 2 who opted for 
follow-up). Blood counts were recorded 
in a database specific to the study.

used as a predictor of recurrence in pa-
tients surgically treated for CIN 2/ 3, as 
well as high levels of the platelet-lym-
phocyte ratio (PLR) [6].

One study concluded that a  higher 
NLR was associated with a worse prog-
nosis in patients with cervical can-
cer. In addition to the NRL, research-
ers also analyzed other indices, such as 
PLR, lymphocyte-monocyte ratio (LMR), 
thrombocyte-lymphocyte ratio (TLR), 
CRP/ albumin ratio (CAR), and the im-
mune response index [7].

The combined marker multiplication 
of neutrophils and monocytes (MNM) 
before treatment is low cost and may be 
a good candidate as a marker for cervi-
cal neoplasia, and also as a predictor of 
worse prognosis [8]. In addition to MNM, 
the red cell distribution value (RDW) was 
significantly higher in cases of cervical 
cancer, with great potential as a tool in 
managing cervical cancer risk [9].

There are associations between the col-
poscopic lesion area in high-grade intraep-
ithelial neoplasia with the blood count 
ratios (neutrophil-lymphocytes and plate-
lets-lymphocytes) and absolute number 
of leukocytes. These findings reflect a sys-
temic inflammatory response, even in pa-
tients with premalignant cervical lesions. 
The evaluation of these parameters is sim-
ple and low-cost and can help predict the 
evolution of high-grade CIN [10].

The search for prognostic markers, 
especially in cervical pre-neoplastic le-
sions, is of fundamental importance to 
prevent progression to cervical cancer. 
The appropriate association of low-cost 
markers with other data such as the col-
poscopic lesion area, age, parity, and co-
risk factors for progression of HPV-in-
duced lesions could help in therapeutic 
decisions that are more appropriate for 
each patient’s profile.

In the public health system, the search 
for low-cost and accessible markers is es-
sential. Biomolecular tests for HPV have 
emerged as an important method for 
screening and post-treatment, but they 
are still expensive and their access is still 

Currently, in-depth knowledge of im-
munology remains the main tool in the 
study of pathophysiology and progres-
sion, as well as the treatment of pre-neo-
plastic cervical lesions. Mantoani et al. em-
phasize that the cellular immune response 
is one of the determining factors in the 
persistence or elimination of HPV infec-
tions and their evolution into pre-neoplas-
tic lesions. Although the extent to which it 
occurs is not entirely clear, it is known that 
the progression of cervical neoplastic le-
sions promotes changes in the pattern of 
cytokine secretion, with the active partici-
pation of regulatory T-lymphocytes [2].

One study investigated the role of 
monocyte-derived dendritic cells (DCs) 
in patients with cervical intraepithelial 
lesions (CINs). Activated DCs were able 
to produce IL-12, an important cytokine 
in the antitumor immune response. In 
addition, its differentiation and response 
were affected by the extent of the cer-
vical lesions. Immunology plays a crucial 
role in the context of CINs, and under-
standing the mechanisms of DC differen-
tiation can contribute to more effective 
therapeutic strategies. In this context, 
therapeutic vaccines are a  promising 
area of research, although there are still 
challenges to be overcome, where well-
designed clinical studies are needed to 
evaluate the safety, efficacy, and immu-
nogenicity of these vaccines in patients 
with high-grade CIN [3].

Knowledge of the changes in the im-
mune pattern that occur during the car-
cinogenic process helps in the search for 
potential therapeutic targets in patients 
susceptible to the use of checkpoint 
inhibitors [4].

Uterine cervical cancers present 
higher levels of leukocytosis, neutro-
philia, and lymphopenia compared to 
cervical intraepithelial neoplasias, with 
neutrophilia being the best biomarker 
of invasive disease [5]. Patients with cer-
vical intraepithelial neoplasias under-
going surgical treatment experience 
increased neutrophilia. Increased neu-
trophil-lymphocyte ratio (NLR) can be 
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fragments (sequence, size of the ampli-
fied product, and temperature anneal-
ing) were obtained according to Sarkar & 
Crissman [11], Tamim et al. [12] and Dictor 
& Warenholt  [13]. Carrying out the PCR 
reaction, amplification products were 
subjected to electrophoresis in 14% poly
acrylamide gels stained with silver. The 
Trackit 1 kB DNA ladder (Invitrogen, Carls-
bad, USA) was used to estimate the size of 
the amplified product and the Beta-actina 
as a positive control of samples; 10.0 mL 
of amplified sample and 3.0 mL of buffer 
were homogenized and placed in each 
opening of a 14% polyacrylamide gel. The 

number of lymphocytes. When calculat-
ing LMR, the absolute number of lym-
phocytes was divided by the absolute 
number of monocytes.

Genotyping for HPV 16, 18, 45, and 
52 was performed by PCR. Samples were 
stored in Trizol at – 80  °C and thawed 
when DNA extraction was accomplished. 
At this time, 200 mL of chloroform was 
added for each 1.0 mL of Trizol collected. 
DNA was added to an amplification solu-
tion according to the protocol suggested 
by the manufacturer (Invitrogen, Carls-
bad, USA). Characteristics of the indica-
tors synthesized to amplify specific DNA 

Blood count parameters evaluated 
were: hemoglobin, hematocrit, red blood 
cells, RDW, absolute number of leuko-
cytes, neutrophils, band neutrophils, 
segmented neutrophils, eosinophils, 
monocytes, basophils, lymphocytes, and 
platelets. Subsequently, neutrophil-lym-
phocyte ratio (NLR), platelet-lymphocyte 
ratio (PLR), and lymphocyte-monocyte 
ratio (LMR) were calculated.

NLR was calculated by dividing the ab-
solute number of neutrophils by the ab-
solute number of lymphocytes. To cal-
culate the PLR, the absolute number of 
platelets was divided by the absolute 

Fig. 1. Colposcopic image of the lesion at 16× magnification and analysis of the area of the lesion using Image J soft-
ware. The pathological analysis showed CIN 3.
Obr. 1. Kolposkopický snímek léze při 16násobném zvětšení a analýza plochy léze pomocí softwaru Image J. Patologická 
analýza ukázala CIN 3.
CIN – cervical intraepithelial neoplasia/cervikální intraepiteliální neoplazie
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In the univariate analysis, monocyte 
count  ≤  490.77/ mm3  and RDW >12.9% 
were associated with a colposcopic area 
greater than 0.88cm2 (P = 0.035; P = 0.015, 
resp.). Subsequently, a multivariate analy-
sis was performed. The variables evalu-
ated were: type of CIN (CIN 3 vs. CIN 2), 
age (> 30 y vs. ≤ 30 y), smoking (yes vs. 
no), monocyte count (≤ 490.77/ mm3 vs. 
> 490.77/ mm3), RDW (> 12.9 vs. ≤ 12.9), 
and HPV type (16, 18, 45, and 52). After 
the multivariate analysis, only RDW re-
mained as an independent factor  [OR 
(95% CI)  =  12.825  (1.348– 121.971); 
P = 0.026] (Tab. 1).

Discussion
Studies indicate that the microenviron-
ment of cervical lesions caused by HPV is 
highly dynamic in relation to the produc-
tion of hematological and immunologi-
cal mediators. These mediators influence 
the cellular immune profile, infiltrating 
and acting on these lesions [14]. Immu-
nosuppressive mechanisms intrinsic to 
the injury that enable genome instability, 
mutations, and activation of proto-onco-
genes crucial in the development of cer-
vical cancer are already present in prema-
lignant intraepithelial stages [15]. There 

of cervical intraepithelial neoplasia grades 
2/ 3 (CIN 2/ 3) by colposcopy and cervical 
biopsy.

The median age was 34  years 
(18– 68 years) and the median age at sex- 
ual initiation was 16 years (10– 23 years). 
Twenty-two patients (32.35%) were smok-
ers. Forty-eight patients (76.19%) used 
hormonal methods for contraception. 
LEEP treatment was performed in 35 pa-
tients (56.45%), where only 17  (27.42%) 
and 6 (9.68%) patients were treated with 
knife conization and hysterectomy, resp. 
Only 4 patients (6.45%) were not treated 
surgically: 3 of them (4.84%) refused the 
proposed treatment and 1 (1.61%) patient 
with CIN 2 opted for clinical follow-up.

When the ROC curves were drawn, there 
was statistical significance with the ab-
solute value of monocytes and RDW. Re-
garding the absolute value of monocytes, 
the cut-off value was ≤ 490.77/ mm3, with 
a sensitivity of 92.3%, and a specificity of 
44% (AUC  =  0.662; P  =  0.048). For RDW, 
the cut-off value was > 12.9%, with a sen-
sitivity of 84.6% and a specificity of 55.1% 
(AUC = 0.661; p = 0.028). There was no sta-
tistical significance in the evaluation of the 
other blood count parameters. These data 
are shown in Fig. 2.

gel was run at 90 volts for approximately 
one hour and then placed in fixative so-
lution for 15 min. This solution was dis-
carded and silver solution was added for 
15 min, followed by washing it in Milli-Q 
H2O and incubating the solution under 
development for approximately 15 min. 
The gel was returned to the fixative solu-
tion for 15 min, after which the resulting 
bands were observed.

Data were analyzed using MedCalc 
and IBM SPSS Statistics Software. The le-
sion area chosen as the cut-off value was 
0.88 cm2, which was the average of the le-
sion areas. The cut-off value of the blood 
count parameters was defined using Re-
ceiver Operating Characteristic (ROC) 
curves (checking whether there is a cut-
off value for the hematological parame-
ters used in lesions with an area smaller or 
larger than 0.88 cm2). When there were sig-
nificant results, a multivariate analysis was 
performed. The cofactors used were a type 
of CIN (CIN 2 or CIN 3), age, smoking, and 
HPV type (16, 18, 45, and 52). Statistical sig-
nificance was considered when P < 0.05.

Results
In the study, 62 patients were evaluated. 
All had a confirmed histological diagnosis 

Fig. 2. ROC curves: absolute monocyte count and RDW in the blood count, in relation to the lesion area > 0.88 cm2.
Obr. 2. ROC křivky: absolutní počet monocytů a RDW v krevním obrazu, ve vztahu k ploše léze > 0,88 cm2.
RDW – red cell distribution width, ROC – receiver operating curve



Hematological parameters and colposcopic lesion area in precursor lesions of cervical cancer

Ceska Gynekol 2025; 90(4): 309– 314 313

progression to invasive cancer. However, 
more studies and data will be needed to 
better define this relationship.

Our results showed a  positive corre-
lation between higher RDW values and 
larger cervical cancer precursor lesions. 
We did not find any studies in the liter-
ature that made this comparison. RDW 
has already been studied as a  parame-
ter associated with the diagnosis of cer-
vical cancer, demonstrating significantly 
higher values in cases of patients with cer-
vical cancer than in controls  [15], which 
was independently associated with worse 
prognoses and lower overall survival [9]. 
Higher RDW values were found in invasive 
lesions than in premalignant intraepithe-
lial lesions [18]. Therefore, the RDW value 
can be an important marker of the prog-
nosis of cervical injury and potential pro-
gression to neoplasia, and can be used in 
the future as a decision factor in the man-
agement and monitoring of patients.

Conclusion
Even cervical pre-malignant lesions can 
trigger a systemic inflammatory response 
that is reflected in blood count parame-
ters. The results obtained in this study con-
tribute to the progression of knowledge 
of the patterns of hematological, immu-
nological, and inflammatory changes that 

cancer  [17]. These data can be very im-
portant for choosing the treatment of the 
lesion, since the extent of the pre-neo-
plastic lesion on colposcopic imaging is 
a factor that influences the choice of sur-
gical treatment to be offered.

Monocytes are circulating mononuclear 
phagocytes. They can extravasate to sites 
of inflammation, and then differentiate 
into macrophages derived from mono-
cytes and dendritic cells [19]. Higher cir-
culating monocyte counts were reported 
to be related to higher mortality rates in 
cervical cancer [20]. Our study found that 
lower monocyte counts were associated 
with a  larger area of a  cervical intraep-
ithelial lesion. This type of relationship 
was also not found in the literature. How-
ever, another study showed that mono-
cyte counts appear to have potential as 
biomarkers in cervical cancer 8 and higher 
neutrophil/ lymphocyte ratios (NLR), while 
higher platelet/ lymphocyte ratios (PLR) 
appear to indicate worse prognoses for 
patients with cervical cancer [7]. One hy-
pothesis would be that at the beginning 
of the lesions, an inflammatory response 
is triggered with the systemic produc-
tion of monocytes, but the immune sys-
tem tries to overcome this response, lead-
ing to a subsequent reduction in levels in 
larger lesions, in an attempt to prevent 

are also data that demonstrate action in 
the other direction of this pathway: dis-
tinct systemic immunological profiles 
that can interfere with the evolution of 
pre-neoplastic intraepithelial lesions [16].

Studies of the systemic profiles of cir-
culating immune cells and their activity 
in cervical lesions are still limited [17], but 
it appears that the severity of intraepithe-
lial cervical lesions may be related to im-
mune cell differentiation processes  [3]. 
We did not find data in the literature re-
garding systemic profiles related to the 
size of the area of a high-grade intraep-
ithelial lesion measured with a  colpo-
scopic examination. The results of this 
study did not show an association be-
tween the absolute counts of leukocytes, 
neutrophils, lymphocytes, and platelets, 
and neither did the NLR, PLR, and LMR 
relationships with the area of the high- 
-grade lesions. However, higher NLR and 
PLR values have already been demon-
strated in cervical cancer compared to 
precursor lesions, including higher val-
ues in stage III and IV cervical cancer 
compared to stage I lesions [18]. Another 
study demonstrated that peripheral lym-
phocyte, neutrophil, and platelet counts 
may reflect the local immune response 
and be associated with the extent of cer-
vical tumors and the prognosis of cervical 

Tab. 1. Univariate and multivariate analysis of the variables age, smoking, CIN grade, monocytes count, RDW and HPV 
type considering a cut-off value for the colposcopic lesion area of 0.88 cm2.
Tab. 1. Jednorozměrná a vícerozměrná analýza proměnných věk, kouření, stupeň CIN, počet monocytů, RDW a typ HPV 
s ohledem na mezní hodnotu pro kolposkopickou lézi o velikosti 0,88 cm2.

Variable Univariate analysis
OR (95% CI), P-value

Multivariate analysis
OR (95% CI), P-value

Age (> 30 vs. ≤ 30 years) 1.935 (0.470–7.967) 0.360 0.295 (0.042–2.045) 0.216

CIN grade (CIN 3 vs. CIN 2) 0.965 (0.225–4.131) 0.962 1.964 (0.219–17.577) 0.546

Smoking (yes vs. no) 0.547 (0.132–2.262) 0.405 1.120 (0.111–11.335) 0.923

Monocyte count (≤ 490.77 vs. > 490.77) 9.778 (1.178–81.154) 0.035 12.263 (0.929–161.869) 0.057

RDW (> 12.9 vs. ≤ 12.9) 7.333 (1.467–36.664) 0.015 12.825 (1.348–121,971) 0.026

Positive HPV 16 (yes vs. no) 0.467 (0.133–1.636) 0.234 0.591 (0.096–3.633) 0.570

Positive HPV 18 (yes vs. no) 1.013 (0.288–3.560) 0.984 0.498 (0.061–4.075) 0.516

Positive HPV 45 (yes vs. no) 0.172 (0.021–1.440) 0.104 8.665 (0.529–142.041) 0.130

Positive HPV 52 (yes vs. no) 0.774 (0.216–2.774) 0.694 0.316 (0.035–2.884) 0.307

CIN – cervical intraepithelial neoplasia/cervikální intraepiteliální neoplazie, HPV – human papillomavirus/lidský papilomavirus, RDW – red cell 
distribution width
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