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Abstract

Introduction and objective. Cervical squamous cell carcinoma is one of the most common malignancies of women. Its
incidence and morphology was analyzed based on the magnetic resonance (MR) data among rural and urban residents.
Materials and method. The study involved 61 Caucasian women (58.26±9.63 years) preliminary diagnosed with a cervical
cancer without any previous treatment. Standard MR examination, including diffusion weighted imagining, apparent
diffusion coefficient (ADC) value measurement and dynamic contrast enhancement, was performed.
Results. The rural residents (n=22) were insignificantly older. Their first and last menstruation were observed later and
number of pregnancy was higher than in urban women (n=39). However, the incidence of miscarriage was insignificantly
rarer. All the tumour linear diameters as well as its volume were insignificantly higher in rural women. The ADC value of the
cervical tumor was insignificantly lower, while ADC of lymphatic nodules was higher in rural women. Insignificant changes
in tumour grade between both examined groups were found in histological, clinical and radiological examinations. Place
of residence did not influence any clinical symptoms nor tumour volume and its ADC. Colporrhoea and colpodynia were
insignificantly more often observed in urban women, while parametrium, urinary bladder and rectal infiltrations were more
commonly seen in rural residents. Higher risk of lymphatic spread to the internal iliac and parametral lymphatic nodes was
reported in the rural community.
Conclusion. Cervical cancer had similar morphology and growth pattern, regardless of the place of residence. However, a
insignificantly larger tumour size among rural residents may suggest a higher incidence of lymphatic spread, probably as
a result of less aaccess to modern health care.
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INTRODUCTION

Malignancies are the most common causes of death
worldwide. Their incidence is implicated by genetic
predisposition, gender, occupation, life style, education,
socio-economic status, as well as various other environmental
factors, including local and global pollution, geographical
location and place of residence. According to GLOBOCAN
[1] 12,662,600 new malignances were diagnosed worldwide
and 7,564, 800 peoples died from them in 2008 alone. The
most commonly reported were cancer of the lung, breast,
colorectum, stomach and prostate, but there are number of
gender differences. In males, the most common was lung
cancer, followed by prostate, colon, stomach and liver, while
in females, breast cancer rather than than colorectum, uterine
cervix, lung and stomach. From all the selected organs the
largest improvement was obtained only for cervical cancer due
to its availability for systematic screening (i.e., Papanicolaou
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or liquid-based cytology) which helps to diagnose the disease
in an early phase [2, 3]. In countries with a good response
to screening programmes the incidence drops significantly.
Perhaps the best example of such a situation is Finland where
the incidence decreased from 21.2 per 100,000 in 1996 to
7.3 per 100,000 in 2007. However, such a positive trend has
stopped in last few years, probably as a consequence of the
widespread of human papilloma viruses (HPV) infection,
the most important factor in cervical carcinogenesis. It is
secondary to sexual behaviour changes, especially early
initiation and increasing number of partners, but other
sex-related factors should be also pointed out, like multiple
pregnancies and labours, concomitant infections (Chlamydia
trachomatis, Neisseria gonorrhoea, herpes simplex virus)
of the genital tract, AIDS, immunosuppressive therapy,
smoking and low socio-economic status. On the other hand,
an increasing vaccination against HPV (type 18 and 16) may
decrease the incidence of cervical cancer in the near future.
However, none of vaccines prevent against HPV45 which is
also regarded as a risk factor [2].
The above-mentioned behavioural changes are well-seen,
especially among rural and urban residents [4–6]. Presently,
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analyzed by χ2 Fischer exact test. To evaluate the odds ratio
(OR), a 95% coefficient interval (95%CI) was calculated.
Data was presented by mean (M), standard deviation (SD)
and median (Me). The 0.05 level of probability (p < 0.05) was
used as the criterion of significance.
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due to higher access to the Internet and mass-media such
differences are not so high, but in the past an early sexual
initiation was reported most commonly in persons from
villages and small towns, especially in less-developed
countries [5, 6].
Since sexual behaviour is a risk factor for cervical cancer, the
aim of the study was to evaluate differences of the neoplasm
among rural and urban residents, based on radiological data.
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MATERIALS AND METHOD

The study was conducted on the retrospective data collected
during magnetic resonance diagnostic examinations
in Radiology Department of St. John’s Cancer Center in
Lublin, eastern Poland, in 2011–2012. The protocol was fully
approved by Institutional Review Board, but according to
the national law no written permission was obtained from
patients, since personal data was not presented and analyzed
throughout the study and in the final report.
Sixty one Caucasian women (age 26–76 year) with
histologically-proved squamous cell carcinoma were
randomly selected for the study. All patients were in stage I/
IIA or higher according to FIGO classification [7]. Those with
any form of gynaecological surgery (except cesarean section)
or oncological treatment throughout whole life or abdominal
surgery in last year excluded from the study group. Clinical
and demographical data was obtained from medical records.
No additional questionnaire examinations were performed.
All studies were performed on 1.5T MR scanner (Achieva;
Philips Medical Systems; Veenpluis, The Netherlands)
according to the standard protocol for pelvis imagining,
which included routine coronal, sagittal and axial series [7, 8].
The field of view varied depending on the examined area and
patient size, while section thickness was constant and kept at
4 mm. The following sequence were performed: T1- and T2weighted turbo spin echo, with (SPIR – Spectral Presentation
with Inversion Recovery) and without fat suppression and
WAVE (Water Selective Volume Excitation), diffusion
weighted images (DWI; b=0, 300 and 600 s/mm2) followed
by ADC map (Apparent Diffusion Coefficient). Additional
coronal (dynamic and static) and sagittal T1-weighted
image (static) was performed after gadolinium-diethylenetriamine-penta-acetic acid (Gd-DTPA) injection (0.1 mg/kg).
Data was stored on the picture archiving and communication
system (PACS) and examined by radiologists on Extended
MR Work Space 2.6.3.4. (Philips Medical Systems; Veenpluis,
The Netherlands).
According to the radiological standards [7], the longest
linear dimension (RL – right-left, AP – antero-posterior,
CC – cranio-caudal) of the tumour was measured in the 3
principal anatomical plates on T2-weightd images. Using
multiplanar reconstruction (MPR) options a tumour volume
was calculated on T2-weighted images. The size and number
of enlargements surrounding lymphatic nodes were also
evaluated. On the axial T2-weighted images, the tumour and
lymph node area was selected and obtained ROI was copied
on DWI and ADC map (dDWI; b600 s/mm2). Finally, the
ADC value was automatically generated.
The obtained data was statically evaluated using Statistica
9.0. The distribution of continuous data was analyzed by
Shapiro-Wilk test, and differences evaluated by t-Student
or Mann–Whitney U test. The nominal scale measures were

RESULTS

From among the examined patients, 22 women were from
rural and 39 from urban areas (Tab. 1). The village residents
were insignificantly older. Their first and last menstruation was
observed later and number of pregnancies was higher than that
in urban women. However, the incidence of miscarriage was
insignificantly lower. Cesarean section was performed only
in one case in a rural resident and in 3 three urban women.
Table 1. Demographic and previous gynaecological data in relation to
place of residence
Rural

Urban
M

SD

p

n

M

SD

n

Age (years)

22

59.09

8.39

39

57.79 10.32 0.6173

Menarche (year)

22

14.55

1.44

39

14.18

1.83

0.4236

Last menstruation (year)

22

50.64

5.20

39

49.82

6.04

0.5968

No. of pregnancies

19

3.32

1.89

37

3.11

1.56

0.8287

No. of miscarriages

6

1.17

0.41

9

2.11

1.17

0.1407

In all examined cases cervical cancer presented typical
radiological morphology (fig. 1). All the linear diameters of
the tumor as well as their volume were insignificantly higher
in rural residents, when compared with urban women
(Tab. 2).

Table 2. Linear diameters (mm) and volume (mm3) of the cervical cancer
in relation to the place of residence
Rural

Urban
M

SD

p

n

M

SD

n

Horizontal

22

59.82

15.37

39

53.18 15.18 0.2537

Saggital

22

59.91

20.49

39

51.18 18.90 0.1493

Vertical

22

65.82

25.85

39

54.03 18.42 0.0763

Volume

22

101.18 80.63

39

75.49 55.19 0.3919

The ADC value of the cervical tumour was insignificantly
lower while ADC of lymphatic nodes was higher in rural
women (Tab. 3).

Table 3. ADC value (x 10 –3 mm2/s) of the cervical tumor and the biggest
enlarged lymphatic nodules in relation to the place of residence
Rural

Urban

p

n

M

SD

n

M

SD

Tumor

22

0.90

0.21

39

0.97

0.21

0.2444

Lymphatic nodules

16

0.94

0.11

23

0.86

0.12

0.0655

Insignificant changes in tumour grade between both
examined groups were found in histological, clinical and
radiological examinations (Tab. 4).
Place of residence did not influence any clinical symptoms
or the tumour volume and its ADC (Tab. 5). Colporrhoea
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Figure 1. Magnetic resonance of advance cervical cancer (stage IVb; T3N2M1) with internal degenerative changes (arrows). Axial
T1-weighted (A), T2-weighted (B), fat saturated T1-weighted (C), fat saturated T1-weighted post-contrast (D), diffusion weighted
images on b600 s/mm2 (E) and ADC map (F). Saggital T1-weighted (G) and fat saturated T1-weighted post- contrast (H) images
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Table 4. Histological, clinical and radiological grading of the cervical
cancer in relation to the place of residence

Table 6. Pathological enlargement of various groups of pelvic lymphatic
nodes in relation to the place of residence
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Rural

Urban

Rural

p

n

%

n

%

GI

1

4.55

3

7.69

GII

15

68.18

27

69.23

GIII

6

27.27

9

0

0.00

GII

3

GIII

18

GIV

1

n

Histological grading

No

13 59.09 23 58.97
9

Left common
iliac

No

12 54.55 20 51.28

23.08

Yes 10 45.45 19 48.72

3

7.69

Right internal
iliac

Yes 14 63.64 18 46.15

13.64

12

30.77

81.82

23

58.97

Left internal
iliac

Yes 15 68.18 18 46.15

4.55

1

2.56

GII

1

4.55

5

12.82

GIII

16

72.73

29

74.36

GIV

5

22.73

5

12.82

0.8494

0.1243

0.3830

Table 5. Clinical symptoms and selected radiological data in relation to
the place of residence
n

Colporrhoea

Colpodynia

Parametrium
infiltration

%

Urban

n

%

No

16 72.73 26 66.67

Yes

6

No

10 45.45 21 53.85

Yes

12 54.55 18 46.15

27.27 13 33.33

0.00

3

No

0

Yes

22 100.0 36 92.31

7.69

Bladder
infiltration

No

8

Yes

14 63.64 22 56.41

Rectal
infiltration

No

8

Yes

14 63.64 21 53.85

<Me

11 50.00 20 51.28

>Me

11 50.00 19 48.72

<Me

10 45.45 14 35.90

>Me

12 54.55 25 64.10

Tumor
volume

Tumor ADC

36.36 17 43.59

36.36 18 46.15

p

OR

-95%CI +95%CI

0.4238 0.75

0.24

2.37

0.5290 1.40

0.49

4.00

-

-

0.3917 1.35

0.46

3.96

0.3195 1.50

0.51

4.39

0.9234 1.05

0.37

2.99

0.4631 0.67

0.23

1.95

-

-

No – lack of parameter, yes – presence of the parameter

-

and colpodynia were insignificantly more often observed
in urban women. However, parametrium, urinary bladder
and rectal infiltrations were more commonly seen among
rural residents.
Place of residence slightly influenced pathological
enlargement of lymphatic nodes (Tab. 6). Higher risk of
lymphatic spread to the internal iliac and parametral lymphatic
nodes was reported in patients from the rural community.

-

-

-

DISCUSSION

-

%

Yes

Radiological grading

Rural

n

Right common
iliac

Clinical grading
GI

%

Urban

The obtained data indicates a low influence of place of residence
on clinical symptoms and radiological parameters of cervical
cancer. The only exception was higher risk of pathological
enlargement of internal iliac and parametrial lymph nodules
among women from the rural community. Moreover, in that
group, insignificantly higher linear diameters and volume

No

No

8

7

40.91 16 41.03

36.36 21 53.85

31.82 21 53.85

Right external
iliac

No

17 77.27 30 76.92

Yes

5

Left external
iliac

No

17 77.27 31 79.49

Yes

5

22.73

No

5

22.73 18 46.15

22.73

9

8

23.08

20.51

Right
parametrial

Yes 17 77.27 21 53.85

Left
parametrial

Yes 16 72.73 20 51.28

No

6

27.27 19 48.72

p

OR

-95%CI +95%CI

0.6049 1.00

0.34

2.88

0.8064 0.88

0.31

2.50

0.1478 2.04

0.70

5.97

0.0816 2.50

0.84

7.48

0.6178 0.98

0.28

3.40

0.5415 1.14

0.32

4.04

0.0604 2.91

0.90

9.48

0.0853 2.53

0.82

7.83

No – lack of lymph node enlargement, yes – presence of lymph node enlargement

of the tumour as well as tumor ADC value were revealed.
The latter abnormality is probably secondary to necrosis
and haemorrhage into the tumour, which were proved by
MR examination using classical sequence, such as T1- and
T2-weighted TSE, SPAIR and WAVE. Generally, the ADC
value and low signal on DWI images indicate high local
cellularity and movements of molecules, which is typical
for malignances and inflammation, but both pathologies
could be distinguished on T2-weighted images [7, 8]. A high
signal on DWI and low ADC value is usually observed in
highly vascular neoplastic areas, and a low signal on DWI
and high ADC value in necrotic areas. DWI is strongly
dependent on the b vales during MR examination. For this
reason, the main limitation of the study is the low number of
selected b (b0, 300, 600), which has recently been increased
in our department (b0, 50, 100, 500, 1000 s/mm2). However,
even with the two b levels, it was possible to distinguish
internal differences between examined groups. A more
inhomogeneous structure, larger size and higher incidence of
lymphatic spread indicates higher disease progression among
rural inhabitants. Another important limitation of the current
study is the lack of histopathological diagnosis for enlarged
lymphatic nodes. However, their radiological morphology
fully corresponds with the standard description of lymph
nodes metastates [8, 9]. Because of that, such abnormalities
were always interpreted as neoplastic infiltration.
All obtained radiological parameters are very important for
clinicians. In the case of an advanced stage of the disease with
parametrial, vesicle, rectal and low vaginal infiltration, as well
as distal lymphatic and other metastasis, surgical treatment
is not recommended and the patient should be treated with
radio- or radio-chemotherapy [10]. The mean tumour volume
among the whole examined population was relatively high
(84.75 ± 66.02 mm3), but similar to other studies [11–14].
The parameter is also a very important prognostic factor.
According to Hunjung et al. [11], women with a tumour
volume over 30 mm3 are less sensitive to treatment and more
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often present local and/or distal progression. Similar data has
been presented by other authors [12–13]. It is also important
that in large tumours the lymphadenopathy is more often
observed [10, 15]. Moreover, a 5-year survival in patients
with initial lymphatic spread was reported for only about
39–54%, while without lymph node involvement reaches
67–92% [10]. Also, the ADC value is an important prognostic
factor. It usually increases during therapy and indicates good
treatment-response, even without significant changes in the
tumour size [16]. However, the absolute values obtained in
various study vary (0.88–1.6 x10 –3 mm2/s), impractically
due to b-related differences. Although ADC international
standardization does not exist, the concomitant ADC
evaluation in both tumour and lymphatic nodules may be
helpful for early diagnosis of lymph nodes metastases, even
in normal-sized organs [9].
It should be mentioned that cervical cancer is not the only
disease that is related to the place of residence. Similar data
was obtained for various neoplasms [17–11]. In malignant
melanoma and skin cancers, rural residents are exposed to
higher doses of UV radiation, which is a crucial risk factor
for those diseases [17]. However, pulmonary and laryngeal
cancers are smoke-dependent and their higher incidence is
probably secondary, not only to higher cigarette smoking,
but also lower access to health care [18, 19]. As pointed out
above, cervical cancer does not have any specific or significant
environmental risk factor. Its incidence is related especially
to sexual behavior and HPV infections, and based on current
data, the tumour growth is similar between rural and urban
residents [3–6]. The differences in size my be only related to
early diagnosis in urban residents who have better access
to specialized medical care and better education [18–22].
Advanced stages of reported patients are probably related to
the hospital where the study was performed, since it is the only
regional radiotherapy centre in central-eastern Poland. In less
advanced cases, surgical treatment was performed in another
hospital and for this reason such group of women was lost to
the study. Sixty-one currently evaluated patients is a relatively
small group; however, the quantity is similar to most of the
above-cited articles. Moreover, since all women were randomly
selected to the study, the reported data is representative at
least for central-eastern Poland. It should be also pointed
out that cervical cancer in one of the disease covered by
the National Cancer Control Programme established by the
Polish Parliament in 2005. Despite all the efforts, including
personal mailing carried out according to regulation of
Cervical Cancer Population Screening Programme and wide
mass media advertisement, in 2007–2009, only 24.24% of the
invited women (9,727,842) participated in the fully refundable
cytology [23]. Such unsatisfactory health activity may increase
the incidence of evaluated malignance in a near future.
CONCLUSION

Based on the magnetic resonance data, cervical cancer has
a similar morphology and growth pattern among rural and
urban women. However, an insignificantly bigger tumour
size in rural residents may indicate a higher incidence of
lymph nodes metastasis, probably due to lower health care.
Since the study was conducted on a limited number of
patients, the obtained data should be confirmed in a larger
epidemiological and mulicentre study.

