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Objective: The aim of study was to analyze the accuracy of TRUS (transrectal ultrasound) vs.

MRI  (magnetic resonance imaging) and clinical gynecological examination estimation in the

evaluation of tumor dimensions.

Methods: The patients inclusion criterion included primarily pathologically squamous cell

carcinoma, but excluded were patients who had not undergone BT (brachytherapy) and

treated with palliative intent. We offer two types of treatment for locally advanced cervical
eywords:

ervical cancer

cancer: (a) radiochemotherapy followed by surgery and (b) exclusive radiochemotherapy.

Imaging tests follow the presence of tumor and tumor size (width and thickness). Each

examination was performed by a different physician who had no knowledge of the others’
RI
ransrectal ultrasound

ynecological clinical examination

findings. All patients underwent MRI prior to EBRT (external beam radiation therapy) while

18  of them also at the time of the first brachytherapy application. For the analysis we used

the r-Pearson correlation coefficient.
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Results: In 2013, 26 patients with cervical cancer were included. A total of 44 gynecological

examinations were performed, 44 MRIs and 18 TRUSs. For the comparisons prior to EBRT

the  correlation coefficient between TRUS vs. MRI was r = 0.79 for AP and r = 0.83 for LL, for

GYN vs. MRI was r = 0.6 for AP and r = 0.75 for LL. Prior to BT for GYN vs. MRI, r values were

0.60  and 0.63 for AP and LL, respectively; for GYN vs. TRUS, r values were 0.56 and 0.78 for

AP  and LL, respectively.

Conclusions: A high correlation between the three examinations was obtained. As such, TRUS

can  be considered a suitable method in the evaluation of tumor dimensions.
©  2015 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.o. All rights reserved.
1.  Background

Cervical cancer represents a real public health problem in
Romania, both in terms of incidence and mortality. Roma-
nia is positioned on the first place in Europe and the sixth
place in the world for the incidence and mortality of cervical
cancer. In Romania, cervical cancer represents 15% of malign
tumors ranking first among gynecological tumors (approxi-
mately 67%) and being the second cause of female mortality
caused by cancer.1

In Romania in 2010, the incidence and mortality were
28.7%000 and 10.8%000, respectively. In the Oncology Institute,
“Prof. Dr. Ion Chiricuta” Cluj-Napoca, there were 1085 cervi-
cal cancer patients treated in the same year. Of these, 70–75%
were locally advanced tumors. For these reasons early diag-
nosis, pretreatment planning and multidisciplinary approach
in the treatment of cervical cancer represent a very impor-
tant national problem. Therefore a strong emphasis has to
be put on the development of efficient tools for cost effective
treatment solutions, particularly for advanced disease.

Treatment of locally advanced carcinoma of the cervix
includes external beam radiotherapy (EBRT), chemotherapy
(CT) and brachytherapy (BT). The addition of concomitant
radiochemotherapy by using CT (Cisplatinum) as radio-
sensitizer showed significant improvement in local recurrence
and survival.2–4 Existing treatments of cervical cancer ensure
a 5-year overall survival (OS) of 83% for stage IIB, 69% for stage
IIIA, and 63% for stage IIIB.5

Although our institutional local control rates are in accor-
dance with the ones published in literature, we  acknowledge
the need for improvement especially in stage IIB–IIIB, which
represent challenging cases to treat only with 2D standard
brachytherapy.

The potential of image-guided adaptive brachytherapy
(IGABT) with magnetic resonance imaging (MRI) was demon-
strated to have reduced late morbidity and obtained improved
local control and overall survival. By applying MRI based IGABT
it was reported a local tumor control of 96% for IIB and 86% for
IIIB.6 Nevertheless, in order to achieve IGABT, centers must
be equipped with MRI, that is how highly equipped centers
can benefit from this procedure. Unfortunately, patients in
Romania, which is one of the countries with limited financial
resources, will barely take advantage from these therapeutic
improvements. On the other hand, low-cost imaging modali-

ties, such as ultrasound (US) including transrectal US (TRUS)
have already been in use worldwide for some years now.
For our study, the TRUS and MRI were performed to assess
local tumor extension (width and thickness) before starting
EBRT and 1 day before the brachytherapy application. The aim
of this study is to compare the clinical gynecological measure-
ments (width and thickness) with TRUS and MRI, and it is the
first of its kind in Romania.

2.  Aim

The aim of this study was to analyze the accuracy of TRUS
in comparison to MRI and clinical gynecological examination
estimation in the evaluation of tumor dimensions and iden-
tification of residual tumor after EBRT and before the first BT
insertion in advanced cervical cancer.

3.  Materials  and  methods

3.1.  Patients

The inclusion criterion was pathologically confirmed squa-
mous cell carcinoma of the uterine cervix (obtained by tumor
biopsy). These patients underwent gynecological examina-
tion, chest radiography, MRI and TRUS.

Excluded cases were patients who had not undergone BT,
treated with palliative intent, with previous oncological treat-
ments or with hematological, kidney and/or liver disorders.

Only patients included in this study benefited from MRI
and TRUS examinations. Imaging tests in our study followed:
the presence of tumor and the tumor size (width and thick-
ness). Each examination (gynecological, TRUS and MRI) was
performed by different physicians and they had no knowledge
of the others’ findings.

At the beginning of the study we  had some difficulties in
carrying out TRUS and MRI immediately one after another; if at
the beginning of the study there was a 3-week break between
the two procedures, later on they were performed in the same
day or after a few days.

3.2.  Treatment  protocol

In our institution, due to the high number of patients and
limited resources, the standard treatment for locally advanced
cervical cancer includes: (a) radiochemotherapy followed by
surgery and (b) exclusive radiochemotherapy.7
In both situations, the treatment schedule consists of EBRT
to the pelvic region delivered with 15/16 MV  X-rays by a linear
accelerator according to international protocols, adding Cis-
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leagues’ findings.
Eight patients underwent twice each type of the follow-

ing examinations: gynecological, TRUS and MRI; 10 patients
underwent two gynecological examinations and two MRI;

Table 1 – Patients statistics by FIGO stages.

Nr. Crt Stage Number of
patients

%

1 IB 1 3.85
2 IIA 1 3.85
3 IIB 15 57.69
4 IIIA 6 23.08
5 IIIB 3 11.54

Total 26 100.01

Table 2 – Patients statistics by age.

Age (years)
reports of practical oncology and 

latinum as radiosensitizer. A boost is delivered by HDR or
DR/MDR intracavitary brachytherapy using standard pre-
cription points for the dose. The patients were reevaluated at

 EBRT dose of 46 Gy/pelvis and, according to the tumor clinical
esponse and/or patients option, the treatment was continued
ither with curative intent with radiochemotherapy (RCT) to
0 Gy or with surgery (after 4–6 weeks interval).8,9

As for the BT, we  delivered a total dose (TD) of 10 Gy/2 frac-
ions for patients which underwent surgery and a TD of 21 Gy/3
ractions for exclusive curative intent radiochemotherapy
atients.10 The BT was performed with weekly endocavitary

nsertions of one tandem and two ovoid applicators or one
andem and one ring applicator.

The planning system used (Plato BPS v14.2) was based on
he Manchester System-2D dosimetry was based on recon-
truction from 2-orthogonal planes X-ray radiographs (45◦ and
15◦), with manual or graphical optimization.

A maximum of 70% from the prescribed dose in point A for
he rectum and 75% for the bladder were the accepted doses
sed on the organs at risk.11

.3.  Imaging

he TRUS and MRI  were performed outside our institution,
ccording to their standard protocols of our collaborators. All
atients underwent MRI  prior to EBRT while some of them also
t the time of the first brachytherapy application.

.3.1.  Magnetic  resonance  imaging
agnetic resonance imaging was performed in a medical

maging center using the standard protocol with a machine
ith 1.5 Tesla. The axial T1 weighted images were used to eval-
ate the tumor pre- and post-administration of intravenous
ontrast. The T2 weighted images were used to analyze the
umor at the level of the uterine cervix (iso/hyper signal); the
2 weighted axial images were used for the evaluation of the
elvic lymph nodes; the T2 weighted oblique axial sections
or the depiction of the parametrial invasion (and possibly
nvasion of the neighboring organs). The T2 sagittal weighted
mages were used to evaluate the cranio-caudal extension of
he tumor, and vaginal invasion, respectively to describe the
xo- or endophytic extension.

The thickness of the slices was 6 mm,  with 1 mm spacing
between them.
The thickness of the oblique axial slices was 5 mm,  with
0.5 mm spacing between them.
The maximum latero-lateral dimension of the tumor was
measured using the oblique axial sections, and the max-
imum cranio-caudal dimension was measured with the
sagittal sections.

.3.2.  Transrectal  ultrasonography
RUS was performed using the endorectal approach with a
achine equipped with broadband transducer frequencies

etween 4 and 9 MHz. Exploration technique was standard-

zed. Preparations were conducted prior to the exploration,

ith rectal enema region prepared 2 h earlier. Anal region
as lubricated with gel. The position of the patient was

ynecological with the basin raised to 30◦ by applying under
therapy 2 0 ( 2 0 1 5 ) 223–230 225

the seat a special fabric roll made for this type of exploration.
The transducer was inserted into the rectum up to the point
where the cervix was visualized. For longitudinal sections, the
cervical canal was used as a reference. In the explorations, we
used perpendicular sections. The following parameters were
evaluated: delimitation, structure, vascularization, mobility
and elasticity (by palpation with the transducer). The sug-
gestive criteria for the existence of the cervical tumors were:
change of the cervical structure, the presence of a localized
vascular exacerbations, existence of distortion or discontinu-
ity of capsulation, increased firmness of the cervix, movement
in the bulk of the cervix compared with the neighboring pelvic
structures.

3.4.  Statistical  analysis

Correlation between measurements of a pair of methods was
evaluated by the Pearson correlation coefficient (r).12

All coefficients of correlation were significant and majority
(7 of 8) had high correlation (over 0.6). We used a simplified
linear model y = b*x to see the link between the two  methods
of evaluation. In this way, if b > 1 the y evaluation is in excess
and if b < 1y measure induces an under-evaluation.

4.  Results

Between January 2013 and August 2013, 26 patients with stage
IB–IIIB cervical cancer (FIGO staging modified by MD Ander-
son Cancer Centre13) were included in this study. Two patients
were in early stage IB–IIA, 15 patients (57.69%) in stage IIB, 6
patients (23.08%) stage IIIA and 3 patients (11.54%) stage IIIB
disease (Table 1). The median age was 54.5 years (range 32–69
years) (Table 2).

Imaging tests in our study followed the presence of the
tumor and tumor size (width and thickness). Each exami-
nation (gynecological, TRUS and MRI) was performed by a
different physician who had no knowledge of the other col-
Min 32
Max 69
Median 54.5
Media 52.2

dx.doi.org/10.1016/j.rpor.2015.01.003
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Table 3 – Width and thickness statistics for the first and second gynecological, TRUS and MRI  examinations.

1st GYN
thickness

(mm)

1st GYN
width
(mm)

1st ECO
thickness

(mm)

1st ECO
width
(mm)

1st RMN
thickness

(mm)

1st RMN
width
(mm)

Min 10 10 25.5 21.5 3 1.7
Max 70 70 55 55 60 70
Median 32.5 40 33.5 34 35 37.5
Media 36.2 39.4 35.6 35.8 33.1 38.0

2nd GYN
thickness

(mm)

2nd GYN
width
(mm)

2nd ECO
thickness

(mm)

2nd ECO
width
(mm)

2nd RMN
thickness

(mm)

2nd RMN
width
(mm)

Min 0 0 0 0 0 0
Max 40 35 18 18 35 35

5 

7.4 
Median 2.5 2.5 

Media 6.8 6.9 

2 patients underwent once each type of the examinations
(gynecological, MRI  and TRUS) and 6 patients had only one
gynecological examination, namely MRI.

A total of 44 gynecological examinations were performed,
44 MRIs and 18 TRUSs.

The median tumor thickness for the first gynecological
examination (performed pre-therapeutically) was 32.5 mm
(range 10–70 mm)  and for the second examination (performed
after the concomitant radiochemotherapy and before the
brachytherapy treatment) it was 2.5 mm (range 0–40 mm).  The
median tumor width for the first gynecological examination
was 40 mm (range 10–70 mm)  and for the second examination
it was 2.5 mm (range 0–35 mm)  (Table 3).

The median tumor thickness for the first TRUS was
33.5 mm (range 25.5–55 mm)  and for the second examination
it was 5 mm (range 0–18 mm).  The median tumor width for the
first TRUS was 34 mm (range 21.5–55 mm)  and for the second
examination it was 5 mm (range 0–18 mm)  (Table 3).

The median tumor thickness for the first MRI was 35 mm
(range 3–60 mm)  and for the second examination it was 6 mm
(range 0–35 mm).  The median tumor width for the first MRI
was 37.5 mm (range 1.7–70 mm)  and for the second examina-

tion it was 6 mm (range 0–35 mm)  (Table 3).

The linear regression analysis for the first (at diagno-
sis) (Fig. 1a and b) and second (before the brachytherapy
application) (Fig. 2a and b) gynecological and MRI examina-

Fig. 1 – The linear regression analysis for (a) the tumor width an
examination at the first examination (at diagnosis).
5 6 6
8.0 8.6 10.1

tions for width and thickness demonstrated a high correlation
of r = 0.75 and r = 0.60, respectively, and r = 0.63 and r = 0.60,
respectively.

At the first gynecological and TRUS examinations, the lin-
ear regression analysis for width and thickness demonstrated
a reasonable correlation of r = 0.59 (Fig. 3a) and r = 0.45, respec-
tively; for the second examination for width, we  obtained a
high correlation of r = 0.78 (Fig. 3b) and a reasonable correlation
of r = 0.56 for thickness (Fig. 3c).

The linear regression analysis between TRUS and MRI  at
the first examination (Fig. 4a and b) for width and thickness
demonstrated a very high and high correlation of r = 0.83 and
r = 0.79, respectively. At the second examination, the linear
regression analysis demonstrated a high correlation of r = 0.64
for width (Fig. 5) and a very weak correlation for thickness.

5.  Discussion

Imaging techniques (TRUS, computed tomography-CT, MRI)
are involved in all the steps of patient management: disease
detection, staging, type of therapeutic treatment, defining the

target volume, selection of appropriate radiotherapy treat-
ment and treatment planning, early estimation of therapeutic
response results, and follow-up.14,15 What is more,  literature
provides a vast range of evidence that, in comparison with

d (b) thickness between the gynecological and MRI

dx.doi.org/10.1016/j.rpor.2015.01.003
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Fig. 2 – The linear regression analysis for the (a) tumor width and (b) tumor thickness between the gynecological and MRI
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xamination at the second examination (before brachythera

T, MRI  is significantly more  accurate in the evaluation of
terine cervix tumor stage and volume.16–18 Consequently, the
ole of MRI  in the management of cervical cancer has evolved
ramatically in the last decades. Today, there is considerable
vidence in the literature that MRI  is not only useful in evalu-
ting the primary tumor condition, but it is also recommended
or tumor target definition prior to BT as well as at the time of
T.19,6,20 Furthermore, the positive impact of GEC-ESTRO Rec-

mmendations of image-guided BT (IGBT) with repetitive MRI

n clinical practice, which gained a worldwide impact,21,22 with
RI  superiority to CT and clinical examination in the appre-

ig. 3 – (a) The linear regression analysis for the tumor width be
xamination (at diagnosis). The linear regression analysis for (b)
ynecological and TRUS examination at the second examination
pplication).

ciation of the local tumor extension and in the evaluation of
the parametrial involvement, the use of MRI  is considered the
“Gold Standard” for IGBT.23–29

Another technique that can be used for the evaluation of
the tumor dimensions in the cervical cancer is TRUS. Zaritzky
et al. were the first to apply TRUS in gynecology.30 Inno-
centi et al. reported in 1992 that the accuracy of staging
with TRUS in comparison to clinical examination was 83% vs.

79%.16,31 In early-stage cervical cancer patients, TRUS may be
more precise in evaluating the primary tumors and assessing
parametrial infiltration than MRI.32 Also, TRUS is more  afford-

tween the gynecological and TRUS examination at the first
 the tumor width and (c) tumor thickness between the

 (before brachytherapy application).

dx.doi.org/10.1016/j.rpor.2015.01.003
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Fig. 4 – The linear regression analysis for (a) the tumor width and (b) tumor thickness between TRUS and MRI at the first

Fig. 5 – The linear regression analysis for the tumor width
between TRUS and MRI  at the second examination (before
examination (at diagnosis).

able than MRI, having a lower cost and being a relatively
quick procedure, as Testa et al. conclude in their prospec-
tive study.33 TRUS eliminates the risk of bleeding from the
tumor and it is considered a suitable method in the work-
up of cervical cancer. Also, it does not require any special
bowel preparation. Thus, by using TRUS we  can make a maxi-
mum therapeutic impact with minimal patient morbidity.34

Moreover, TRUS provides real time images of the primary
tumor, and is also very useful in verifying the position of the
applicator for BT and helps in avoiding injury to OARs.25,35–37

However, TRUS has its limitations due to artifacts related to air
in the bowel, presence of the applicator and interstitial nee-
dles in place.38 According to Fischerova, the accuracy of TRUS
is dependent on three variables: the operator, that requires
adequate practical expertise based on exposure to abnormal
findings and complementary imaging methods, the equip-
ment such as a high-end ultrasound machine equipped with
sensitive Doppler and endocavitary probe, and the patient.34

Schmid et al. in their recent study regarding the cervical can-
cer patients compared TRUS and MRI  at the time of diagnosis
and at the time of brachytherapy, showing a high correlation
for the target width and thickness.23

In our study we  compared the tumor dimensions (width
and thickness) measured by three different examinations
(gynecological, TRUS and MRI). These examinations were per-
formed at the diagnosis, prior to the treatment, and a day
before the brachytherapy application, by three different physi-
cians that had independent findings. As such, the highest
correlation (r = 0.83) between TRUS and MRI  was obtained for
the width tumor dimension at the first examination. For all the
three examinations we  observed that the correlation regarding
the tumor width was higher than the thickness. Furthermore,
for the second examination, we  obtained a high correlation
(r = 0.78) between gynecological and TRUS examination; we
observed that the correlations between gynecological vs. MRI
examination and TRUS vs. MRI  were reasonable, yet lower
than the correlations at the first examinations. We  consider
that the fibrosis that appeared after EBRT could be an expla-

nation for this, and not the period of time between the
examinations, since at the second examinations there were
only maximum 4 days between them. A good correlation
(60%) between gynecological exam and MRI  was also obtained
brachytherapy application).

by Valduvienci in his assessment of the local response after
treatment.39 Last but not least, at the second examination we
considered the tumor dimension to be zero if the macroscopic
tumor was not visualized at the cervical level.

6.  Conclusions

Based on our study, a high correlation between the gyneco-
logical and TRUS examinations was obtained. TRUS is less
expensive than MRI, is a relatively quick procedure, it has a
widespread availability and it is recommended to be the imag-
istic technique in the countries with low-income facilities.
TRUS carried out by an experienced sonographer specialized
in gyneological oncology is to be considered a suitable method
in the evaluation of tumor dimensions (width and thickness)
for patients with cervical cancer, and can be an alternative
imaging method to MRI.

In Romania, the implementation of TRUS would have a
major impact given that the cost of an MRI  examination is

five times higher than TRUS.

Based on promising results published in the literature,
we can affirm that TRUS has a high potential, not only for
detecting and characterizing the primary tumor, but also for

dx.doi.org/10.1016/j.rpor.2015.01.003
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ffering efficient information regarding the parametrial tissue
nd invasion to adjacent organs.

Therefore, the next step in our further studies will be to
ppreciate the high-risk clinical target volume (HR-CTV); this
nformation will help us implement IGBT in our institution.
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