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Summary: Objective: To compare cervical stroma in advanced cervical cancer with the control group; to compare, in the pre-treatment period, 
hemogram parameters in patients with advanced cervical cancer with the same parameters as the control group; and to verify if there is an 
association of stromal markers with prognostic factors in cervical cancer. Materials and methods: We prospectively evaluated 16 patients 
dia gnosed with advanced invasive cervical cancer. A  control group of 22  patients was used (uterine leiomyoma). Immunohistochemistry 
was performed to verify the stromal immunostaining of alpha-smooth muscle actin (SMA) and fibroblast activation protein alpha (FAP). 
Immunostainings and hemogram parameters were compared using Fisher's exact and Mann-Whitney Test, respectively. Results: Strong FAP 
immunostaining was more frequent in patients with cervical cancer when compared with patients with leiomyoma (P = 0.0002). Regarding 
SMA, strong immunostaining was also found more in the group of cancer patients compared to the control group (P < 0.00001). The neutrophil-
-lymphocyte ratio (NLR) values were higher in the cancer patient group compared to the control group (P = 0.0019). There was no association 
of the parameters studied with prognostic factors. Conclusions: Strong FAP and SMA immunostaining was found more in patients with cervical 
cancer when compared to the control group. NLR values were also higher in cervical cancer.
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Souhrn: Cíl: Srovnání cervikálního stromatu u pacientek s pokročilými stadii karcinomu děložního hrdla s kontrolní skupinou: v období před 
léčbou srovnat hematologické parametry u  pacientek se stejnými parametry v  kontrolní skupině; ověřit souvislost stromálních markerů 
s s prognostickými faktory karcinomu děložního hrdla. Materiál a metody: Prospektivně bylo hodnoceno 16 pacientek s dia gnózou pokročilého 
invazivního karcinomu děložního hrdla. Kontrolní skupinu tvořilo 22 pacientek (s děložním myomem). Bylo provedeno imunohistochemické 
vyšetření k detekci hladkosvalového aktinu alfa (SMA – alpha-smooth muscle actin) a fibroblasty aktivujícího proteinu alfa (FAP – fibroblast 
activation protein alpha). Výsledky imunohistochemického vyšetření a  hematologické parametry byly vyhodnoceny pomocí  Fisherova 
exaktního testu a Mann-Whitneyho testu. Výsledky: Silné imunobarvení FAP bylo častější u pacientek s karcinomem děložního hrdla v porovnání 
s pacientkami s děložním myomem (p = 0,0002). Co se týká SMA, silné imunobarvení bylo také ve větší míře zjištěno ve skupině pacientek 
s karcinomem oproti kontrolní skupině (p < 0,00001). Poměr neutrofily/ lymfocyty (NLR) byl vyšší u pacientek s neoplazií děložního hrdla ve 
srovnání s kontrolní skupinou (p = 0,0019). Souvislost mezi zkoumanými parametry a prognostickými faktory nebyla prokázána. Závěr: Silné 
imunohistochemické barvení FAP a SMA je ve srovnání s kontrolní skupinou častější u pacientek s karcinomem děložního hrdla. Poměr NLR 
u nich byl rovněž vyšší. 

Klíčové slova: karcinom děložního hrdla – hladkosvalový aktin alfa – fibroblasty aktivující protein alfa – krevní obraz

have been increasing due to aging, pop-
ulation growth, as well as changes in the 
distribution and prevalence of risk fac-

among the four main causes of prema-
ture death in most countries. The inci-
dence and mortality from this disease 

Introduction
Currently, cancer is the main pub-
lic health problem in the world and is 
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most widely used marker for identify-
ing myofibroblasts. In an immunohisto-
chemical study of ovarian neoplasms, 
detection of SMA alone has not consist-
ently provided significant results [4,5].

The objectives of the study were to 
compare the cervical stroma  in patients 
with advanced cervical cancer with the 
control group; to compare, in the pre-
treatment period, blood count param-
eters (platelets, NLR – neutrophil-lym-
phocyte ratio, PLR – platelet-lymphocyte 
ratio, RDW – red cell distribution width) 
in patients with advanced cervical can-
cer (stage ≥ IIB) with the same parame-
ters as the control group; and in cervical 
cancer, to verify if there is an association 
of immunostaining of stromal mark-
ers with pathological (histological type, 

ronment contribute to tumor growth, an-
giogenesis, metastasis, immune suppres-
sion and resistance to treatments [3].

Studies suggest that two stromal 
markers, alpha-smooth muscle actin 
(SMA) and fibroblast activation pro-
tein alpha (FAP), play an important role 
in the stroma of a  malignant ovarian 
neoplasm. Stronger FAP immunostain-
ing was found in ovarian cancer com-
pared with benign ovarian neoplasms. 
In ovarian cancer, immunostaining plus 
FAP was higher in moderately differen-
tiated and undifferentiated ovarian car-
cinomas compared to well-differen-
tiated tumors, demonstrating that FAP 
may play a role in the prognostic prog-
nosis. SMA is expressed in smooth mus-
cle cells of the vasculature and it is the 

tors, especially those associated with so-
cioeconomic development [1].

The tumor stroma has several cells, 
in addition to the extracellular matrix 
that can suppress the host's immune re-
sponses against tumor cells. Through 
the secretion of immunosuppressive cy-
tokines, metabolic changes and other 
mechanisms, the tumor stroma provides 
a  complex network of safeguards for 
tumor proliferation [2].

The tumor microenvironment is com-
posed of a  complex network of extra-
cellular matrix and cells such as can-
cer-associated fibroblasts (CAFs), blood 
vessel associated smooth muscle cells, 
pericytes, endothelial cells, mesenchymal 
stem cells and a variety of immune cells. 
Changes in the homeostasis of this envi-

Fig. 1. 1A) Photomicrograph of cervical biopsy with well-differentiated invasive squamous cell carcinoma (HE, 40×). 
1B) Photomicrograph of the anterior biopsy showing that the stroma muscle fibers are positive for SMA 3+/3 (SMA, 
40×). 1C) Photomicrograph of the previous biopsy showing fibroblasts positive for FAP 3+/3 (anti-FAP, 40×) in the 
stroma. 1D) Photomicrograph of a cervical biopsy showing moderately differentiated invasive squamous cell carcinoma 
(HE, 40×). 1E) Photomicrograph of the anterior biopsy showing stroma muscle fibers positive for SMA 2+/3 (SMA, 40×). 
1F) Photomicrograph of the previous biopsy showing fibroblasts positive for FAP 3+/3 (anti-FAP, 40×) in the stroma.
Obr. 1. 1A) Mikrofotografie cervikální biopsie s dobře diferencovaným invazivním spinocelulárním karcinomem (HE, 40×). 
1B) Mikrofotografie přední biopsie prokazující ve svalových vláknech stromatu pozitivní na SMA 3+/3 (SMA, 40×). 1C) 
Mikrofotografie předchozí biopsie ukazující fibroblasty pozitivní na FAP 3+/3 (anti-FAP, 40×) ve stromatu. 1D) Mikrofotografie 
cervikální biopsie ukazující středně diferencovaný invazivní spinocelulární karcinom (HE, 40×). 1E) Mikrofotografie přední 
biopsie prokazující ve svalových vláknech stromatu pozitivní SMA 2+/3 (SMA, 40×). 1F) Mikrofotografie předchozí biopsie 
ukazující fibroblasty pozitivní na FAP 3+/3 (anti-FAP, 40×) ve stromatu.
FAP – fibroblast activation protein alpha, HE – hematoxylin-eosin, SMA – alpha-smooth muscle actin
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phocytes. The division of platelet count 
and lymphocyte count resulted in the PLR.

Immunohistochemistry was perfor-
med to verify stromal immunostaining 
of SMA and FAP in cervical cancer and 
the control group.

Consent was obtained from all pa-
tients included in the study and from all 
patients in the control group.

Cervical bio psy collection
Cervical bio psies were stored in formal-
dehyde and sent to the Special Pathol-
ogy Department. Biopsy collection is al-
ready a routine procedure for the group 
of patients with cervical cancer. For 
the control group, the bio psy was per-
formed immediately after the removal of 
the surgical specimen (uterus), avoiding 

diseases that lead to immunosuppres-
sion, use of immunosuppres sive drugs 
and relapse.

Data were obtained from the pa-
tients' medical records. All patients with 
a  Pap smear showing invasive cervical 
carcinoma underwent cervical bio psy. 
Staging was performed through clin-
ical and imaging exams. Patients with 
a stage ≥ IIB were selected for the study. 
The control group consisted of 22  pa-
tients who underwent hysterectomy for 
uterine leiomyoma without alterations 
(neoplasia or dysplasia) in the Pap smear 
prior to surgery and without cervical in-
volvement of the myoma.

Calculation of the NLR was performed 
by dividing the absolute number of neu-
trophils by the absolute number of lym-

histological grade and staging) and sys-
temic (platelets, NLR, PLR and RDW) 
prognostic factors.

Materials and methods
We prospectively evaluated 16 patients 
dia gnosed with advanced invasive cer-
vical carcinoma staging ≥ IIB – FIGO (the 
International Federation of Gynecology 
and Obstetrics) [6], confirmed by bio psy, 
attended from 2020 to 2022. Clinical data, 
oncotic cytology, blood count parame-
ters (neutrophils, lymphocytes, platelets, 
RDW) and bio psy data were recorded in 
a specific database for the study. A con-
trol group of 22 patients was used.

The inclusion criterion was women with 
invasive cervical cancer staging ≥ IIB. Ex-
clusion criteria were pregnancy, other 

Fig. 2. 2A) Photomicrograph of a cervical biopsy with mild nonspecific cervicitis (HE, 20×). 2B) Photomicrograph of the 
previous biopsy showing muscle fibers and small capillaries positive for SMA 1+/3 (SMA, 40×) in the stroma. 2C) Photo-
micrograph of the previous biopsy showing fibroblasts and small capillaries in the stroma that were not positive for FAP 
2+/3 (anti-FAP, 40×). 2D) Photomicrograph of cervical biopsy demonstrating the stroma with small capillaries without 
alterations (HE, 20×). 2E) Photomicrograph of the anterior biopsy showing positive muscle fibers and capillaries in the 
stroma for SMA 2+/3 (SMA, 40×). 2F) Photomicrograph of the previous biopsy demonstrating positive fibroblasts and 
capillaries in the stroma for FAP 1+/3 (anti-FAP, 40×).
Obr. 2. 2A) Mikrofotografie cervikální biopsie s mírnou nespecifickou cervicitidou (HE, 20×). 2B) Mikrofotografie předchozí 
biopsie ukazující svalová vlákna a malé kapiláry pozitivní na SMA 1+/3 (SMA, 40×) ve stromatu. 2C) Mikrofotografie 
předchozí biopsie ukazující fibroblasty a malé kapiláry ve stromatu, které nebyly pozitivní na FAP 2+/3 (anti-FAP, 40×). 
2D) Mikrofotografie cervikální biopsie demonstrující stroma s malými kapilárami bez alterací (HE, 20×). 2E) Mikrofotografie 
přední biopsie ukazující pozitivní svalová vlákna a kapiláry ve stromatu na SMA 2+/3 (SMA, 40×). 2F) Mikrofotografie 
předchozí biopsie prokazující pozitivní fibroblasty a kapiláry ve stromatu na FAP 1+/3 (anti-FAP, 40×).
FAP – fibroblast activation protein alpha, HE – hematoxylin-eosin, SMA – alpha-smooth muscle actin
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RPL values, these were also higher in 
the cancer group (median = 200.7; min-
imum = 123.14; maximum = 748.13) than 
in the leiomyoma group (median = 164.6; 
minimum = 78, 99; maximum = 263.33), 
but at the threshold of significance 
(P = 0.0675). There was no significant dif-
ference in platelet and RDW values when 
comparing these groups (P = 0.3986 and 
P = 0.9095, respectively) (Fig. 3).

Strong immunostaining (2/ 3) by FAP 
was more frequent in patients with cer-
vical cancer when compared with pa-
tients with myoma (control group) 
(P = 0.0002). Regarding SMA, strong im-
munostaining (2/ 3) was also found more 
in the group of cancer patients com-
pared to the group of patients with 
myoma (P < 0.00001) (Tab. 3).

dians, minimum and maximum values. 
The immunostaining of stromal markers 
was compared between groups using 
the Fisher's exact test. The results of 
blood count parameters were compared 
between groups using the Mann-Whit-
ney Test. Differences will be considered 
significant for P < 0.05.

In the immunohistochemical study, 
the agreement between two observers 
will be performed using kappa:

- k < 0.4: weak agreement;
- 0.4 ≤ k < 0.8: moderate agreement;
- 0.8 ≤ k < 1.0: strong agreement;
- k = 1.0: perfect agreement.

Results
The general characteristics and parame-
ters of the blood count of the groups of 
patients with cervical cancer and uter-
ine leiomyoma are shown in Tab. 1. The 
histological type, histological grade and 
staging of the patients in the cervical 
cancer group are shown in Tab. 2.

The NLR values were higher in the 
group of cancer patients (median = 4.4; 
minimum  =  2.06; maximum  =  47.48) 
compared to the control group (me-
dian  =  2.32; minimum  =  0.82; maxi-
mum  =  8.29) (P  =  0.0019). Regarding 

discomfort for the patient (since a cer-
vical bio psy is not necessary in patients 
with uterine leiomyoma).

Immunohistochemistry study
Specimens obtained by surgical resection 
were processed in paraffin and reviewed 
by an experienced pathologist. We used 
the streptoavidin-bio tin-peroxidase tech-
nique. Immunohistochemical staining 
was performed with the Novolink™ Poly-
mer Detection System (Leica Biosystems, 
Buffalo Grove, IL, USA). The specific pri-
mary antibodies used were anti-aSMA 
and anti-FAP, according to the manufac-
turer’s indications.

Two observers evaluated the slides. In-
tensity of immunostaining in the stroma 
was subjectively assessed using 0 to 3:
• 0 (no staining);
• 1 (weak staining);
• 2 (moderate staining);
• 3 (strong staining).

Figures shows the immunostaining of 
cases (Fig. 1) and controls (Fig. 2).

Statistical analysis
Data were analyzed by GraphPad Prism 
software. Results were expressed as me-

Tab. 1. General characteristics and blood count parameters of groups of pa-
tients with cervical cancer and uterine myoma (median, minimum and maxi-
mum, or N and percentage).
Tab. 1. Všeobecné charakteristiky a parametry krevního obrazu u pacientek  
s karcinomem děložního hrdla a děložním myomem (medián, minimum, maxi-
mum nebo N a procenta).

Cervical cancer  
N = 16

Leiomyoma 
N = 22

Age (years) 50 (26–67) 46 (41–55)

Parity (births) 3 (1–6) 2 (0–5)

Hormonal status

menacme 7 (43.75%) 22 (100%)

menopause 9 (56.25%) 0 (0%)

Platelets (× 103/mm3) 281.5 (174–903) 321 (98–497)

NLR 4.4 (2.06–47.48) 2.32 (0.82–8.29)

PLR 200.7 (123.14–748.13) 164.6 (78.99–263.33)

RDW 13.85 (13–23.6) 14 (12.6–23.3)

N – number, NLR – neutrophil-lymphocyte ratio, PLR – platelet-lymphocyte ratio, RDW – red 
cell distribution width

Tab. 2. Characteristics of the group 
of patients with cervical cancer re-
garding histological type, histolo-
gical grade and staging (median, 
minimum and maximum, or N and 
percentage).
Tab. 2. Charakteristiky skupiny  
pacientek s karcinomem děložního 
hrdla z hlediska histologického typu, 
histologického stupně a stagingu 
(medián, minimum a maximum, 
případně N a procento).

N %

Histological type

      epidermoid 15 93.75

      non-epidermoid 1 6.25

Histological grade

     grade 1 5 31.25

     grade 2 8 50

     grade 3 3 18.75

Staging (FIGO)

      IIB 5 31.25

      IIIA 1 6.25

      IIIB 7 43.75

      IIIC1 1 6.25

      IIIC2 0 0

      IVA 2 12.5

      IVB 0 0

FIGO – the International Federation of Gy-
necology and Obstetrics, N – number
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NLR values were higher in the group 
of cancer patients (median  =  4.4; min-
imum  =  2.06; maximum  =  47.48) 
compared to the control group 
(median = 2.32; minimum = 0.82; max-
imum  =  8.29) (P  =  0.0019). Regarding 
RPL values, these were also higher in 
the cancer group (median = 200.7; min-
imum  =  123.14; maximum  =  748.13) 
than in the leiomyoma group (me-
dian  =  164.6; minimum  =  78.99; max-
imum  =  263.33), but at the threshold 
of significance (P  =  0.0675). There was 

Fig. 3. NLR in patients with cervical cancer and leiomyomas (P = 0.0019); PLR in patients with cervical cancer and  
leiomyomas (P = 0.0675); absolute value of platelets (/mm3) in patients with cervical cancer and leiomyomas  
(P = 0.3986); RDW in patients with cervical cancer and leiomyomas (P = 0.9095).
Obr. 3. NLR u pacientek s rakovinou děložního čípku a leiomyomem (p = 0,0019); PLR u pacientek s rakovinou děložního 
čípku a leiomyomem (p = 0,0675); absolutní hodnota krevních destiček (/mm3) u pacientek s karcinomem děložního hrdla  
a leiomyomem (p = 0,3986); RDW u pacientek s rakovinou děložního čípku a leiomyomem (p = 0,9095).
NLR – neutrophil-lymphocyte ratio, PLR – platelet-lymphocyte ratio, P – P-value, RDW – red cell distribution width
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Tab. 3. FAP and SMA immunostaining in cervical cancer and uterine 
leiomyoma.
Tab. 3. Imunobarvení FAP a SMA u karcinomu děložního hrdla a děložního 
leiomyomu.

0/1 2/3 P

FAP (leiomyoma) 14 (63.64%) 8 (36.36%)

FAP (cervical cancer) 1 (5.88%) 16 (94.12%) 0.0002

SMA (leiomyoma) 19 (86.36%) 3 (13.64%)

SMA (cervical cancer) 0 (0%) 17 (100%) < 0.00001

Leiomyoma: N = 22; cervical cancer: N = 17. 
Fisher's exact test, with a significance level lower than 0.05.
FAP – fibroblast activation protein alpha, P – P-value, SMA – alpha-smooth muscle actin
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NLR seem to provide an increased risk 
for the development of cervical neopla-
sia. Platelet count and RDW were not rel-
evant in the present study, although the 
increase in RDW in cervical cancer has 
already been described  [17] including 
the consideration of thrombocytosis as 
a pre-treatment prognostic factor [18].

Some limitations also exist in our 
study. The main limitation is the small 
sample size of patients. However, de-
spite the limitation, our study was the 
first in the literature to compare stro-
mal markers and blood count parame-
ters with a control group of patients with 
uterine leiomyoma, and may be a target 
for new studies related to carcinogene-
sis and new treatments for this disease, 
whose morbimortality still has so much 
impact, especially in developing coun-
tries. In addition, our results may have 
potential in future studies on the rela-
tionship between the stroma and sys-
temic inflammatory response, bearing in 
mind that the blood count is a simple, in-
expensive, and easy-to-collect test.

Conclusion
Strong immunostaining (2/ 3) by FAP 
and SMA were found more in the group 
of patients with cervical cancer when 
compared to the group of patients with 
myoma. The RNL values were higher in 
the cancer patient group when com-
pared to the control group. Regard-
ing RPL values, these were also higher 
in the cancer group than in the leiomy-
oma group, but at the threshold of sig-
nificance. There was no significant differ-
ence in platelet and RDW values when 
comparing these groups. There was also 
no difference in the evaluation of the 
two stromal markers in cervical cancer in 
the study of pathological prognostic fac-
tors (staging and histological grade) nor 
in the study of systemic factors (plate-
lets, NLR, PLR and RDW).
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