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We compared the tumour size measured by magnetic resonance imaging (MRI) with that of
gross specimen regarding the virtual tumour volume. Eighty three patients with Interna-
tional Federation of Obstetrics and Gynecology (FIGO) stage Ib to Ila cervical cancer under-
went MRI before radical hysterectomy. The largest tumour diameter was determined by
both MRI and gross specimen measurement. Tumour volume was calculated by the stan-
dard technique of multiplying the sum of the areas by the slice thickness. Paired t-test
was used to compare the MRI and gross specimen derived diameters. Pearson correlation
coefficient was calculated to evaluate the relationship between the tumour size and vol-
ume. The mean diameters of the MRI and gross specimen derived tumour measurements
were 3.0 cm (standard deviation, 0.9 cm) and 3.5 cm (standard deviation, 1.2 cm) (p < 0.001),
respectively. Mean MRI-based tumour volume was 12.5 cm? (standard deviation, 10.4 cm?).
Tumour diameter measured by MRI had a significantly higher correlation with tumour vol-
ume measured by MRI (r, = 0.734) compared with that measured on the gross specimen
(rp = 0.690; Steiger’s Z test, p = 0.019). The tumour diameter measured by MRI was smaller
than gross specimen measurement and correlated more closely with tumour volume in
patients with cervical cancer. This study illustrates the value of MRI as a tool for tumour
size measurement.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

recommendation.’ Although increasing clinical stage is
associated with increasing risk of death, the prognoses corre-

Cervical cancer is the second most frequently diagnosed
malignancy in women worldwide, with almost half a million
cases diagnosed each year, and is the only major gynaecolog-
ical malignancy clinically staged according to the Interna-
tional Federation of Obstetrics and Gynecology (FIGO)
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late poorly with the clinical FIGO stage in many patients.
Tumour diameter is frequently used as a predictor of
prognosis and computed tomography (CT) and magnetic
resonance imaging (MRI) are normally used in the measure-
ment of tumour size.>™ Although not included in the FIGO
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staging component, CT and MRI are valuable radiological
imaging techniques in the pretreatment evaluation of cervical
cancer. Initial reports indicated that MRI was a useful tool in
the assessment of extent of disease and tumour size.?”

We recently found that, in many cases, tumour sizes mea-
sured on gross tumour specimens were larger than those
measured by MRI. As far as we know, there are no studies
existing that compare the tumour diameter measured by
MRI and gross tumour specimen assessment. The purpose
of this study was to compare the tumour size measured by
MRI with that measured on a gross specimen with regard to
MRI- calculated tumour volume.

2. Patients and methods

2.1.  Study subjects

A retrospective search was conducted using detailed medi-
cal records at the National Cancer Center for 183 consecu-
tive patients who wunderwent operations for uterine
cervical cancer between January 2000 and December 2006.
Of these 183 patients, 83 patients (mean age, 47 years old;
standard deviation, 10.4 years old) who showed measurable
mass in MRI and underwent radical hysterectomy were in-
cluded in the present study. The clinical characteristics of
all 83 patients are shown in Table 1. Exclusion criteria con-
sisted of microinvasive carcinoma, recurrent disease, prior
therapy for cervical cancer, or contraindication to MR study
(such as possessing a pacemaker or certain metallic im-
plants). Our institutional review board did not require ap-
proval for this study.

2.2. Histopathologic evaluation

Histopathologic diagnoses of the tumours were reviewed by a
pathologist (C.W.Y.). Surgical specimens were examined mac-
roscopically and largest tumour size was measured after
unfolding the uterine cervix by incision of the anterior wall.
Accurate tumour size was measured three-dimensionally.
The depth of invasion of the tumour was also evaluated as
the maximum depth of the tumour from the surface of unin-
volved cervical mucosa.

Table 1 - Clinical characteristics of the patients

Age or number

Age
Mean + SD (range) 47 +10.4 (36.6-57.4)
Histology
Squamous cell carcinoma 65 (78.3%)
Adenocarcinoma 15 (18.1%)
Adenosquamous cell carcinoma 3 (3.6%)
FIGO stage
b1 59 (71.1%)
b2 15 (18.1%)
Ila 9 (10.8%)

2.3.  Image acquisition

MRI was performed using a Signa 1.5 T system (General Elec-
tric Medical Systems, Milwaukee, W1, USA) with a pelvic array
coil for pelvic scans and a Torso phase array coil for para-aor-
tic scans. MR scans were done between 3 and 20 days
(mean+SD=7+5 days) before surgery. Scans were per-
formed using the following parameters: axial T1l-weighted
fast spin-echo sequence (TR/TE, 600 ms/10 ms; slice thick-
ness, 5 mm; interslice gap, 2 mm; field of view, 24 cm x 24 cm;
matrix, 256 x 192; echo-train length, 4; three signals acquired;
no fat saturation; bandwidth, 31.25 kHz), axial T2-weighted
fast spin-echo sequence (TR/TE, 5000/68 ms; slice thickness
3 mm; interslice gap 1 mm; 24 cm x 24 cm field of view, ma-
trix, 256 x 192; echo train length, 21; four signals acquired;
no fat saturation, 31.25 kHz bandwidth), sagittal T2-weighted
fast spin-echo sequence (TR/TE, 5000/68 ms; slice thickness,
3 mm; interslice gap, 3 mm; field of view, 24 cm x 24 cm; ma-
trix, 256 x 192; echo train length, 26; four signals acquired;
no fat saturation, 31.25 kHz bandwidth) for the pelvic region,
and axial fast spin-echo T2-weighted sequence with 16 s of
breath holding (TR/TE, 2000/68 ms; slice thickness, 8 mm;
interslice gap 2mm; field of view, 32 cm x 24 cm; matrix,
256 x 160; echo train length, 20; one signal acquired; no fat
saturation, 31 kHz bandwidth) for the para-aortic region.

2.4.  Image interpretation

The cervical tumour was identifiable as high-signal intensity
on T2-weighted images. Diameter measurements were ob-
tained by consensus of two experienced radiologists (H.J.C.,
D.C.J.) with 6 and 4 years of experience, respectively, in gynae-
cologic MRI imaging blinded to patients’ surgical, histopatho-
logic, and other imaging findings. The largest diameter of the
tumour was determined in three axes. Tumour volume (V)
was assessed in a consensus reading by two radiologists,
using three-dimensional volumetric measurements accord-
ing to the modified Simpson rule 3 weeks after the MRI tu-
mour diameter measurement to reduce bias. In all
contiguous sagittal images, tumour mass was outlined on
the computer monitor using software (Rapidia 2.8, Infinitt,
Korea). The area of tumour in each slice was multiplied by
the slice profile (3 mm slice thickness plus 3 mm intersection
gap), and total tumour volume was automatically calculated
by summation of the adjacent volumes.

2.5.  Statistical analysis

The largest tumour diameters derived from both MRI and
gross specimen measurements were compared using paired
t-test. Considering the MRI measured tumour volume to be
the gold standard, the agreement between each of the largest
tumour diameters, by MRI and gross specimen measurement
respectively, and MRI tumour volume was assessed using
Pearson’s correlation coefficient. The differences in these cor-
relations were then tested using Steiger's Z test, while
accounting for the dependency of correlations.® Basic statisti-
cal analyses were performed using Stata® version 9.0. Stei-
ger's Z test was performed using a publicly available
computer program (FZT.exe).’
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3. Results

3.1.  Tumour size and volume
Average tumour diameter by pathology (mean +SD,
3.5+ 1.2 cm; range, 1.3 - 5.1 cm) was larger than that by MRI
(mean + SD, 3.0 + 0.9 cm; range, 1.6 — 6.7 cm) (p < 0.001). In 60
patients (72.3%), the tumour diameters on the gross specimen
were larger than those measured by MRI (mean differ-
ence + SD, 0.89 +0.81 cm) (Figs. 1, 2). In 10 patients the size
of tumour was 4cm or greater in the gross specimen but
smaller than 4 cm when measured by MRI. To the contrary,
all gross tumours measuring less than 4 cm also measured
less than 4 cm via MRI measurement. Table 2 shows clinical
FIGO stage versus gross specimen and MRI derived tumour
diameters.

Tumour volume measured by MRI ranged from 1.1 to
51.5 cm? (mean difference + standard deviation,
12.5+10.4 cm®). The Pearson correlation demonstrated a
higher association of tumour volume with the MRI-based tu-
mour diameter (r, = 0.734) compared with the gross specimen
diameter (r, = 0.690, Steiger’s Z test, p = 0.019).
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4, Discussion

In predicting the prognosis and making the therapeutic deci-
sion, accurate staging is very important in the management
of cervical cancer patients. As FIGO recommends a clinical
staging for cervical cancer, it is probable that the clinical stag-
ing may have intrinsic inaccuracy .'>*? Tumour size has been
known to be an important prognostic factor in cervical cancer
patients and this is why there was an attempt to subdivide
stage Ib into Ibl and Ib2 on preoperative measurement of
the largest diameter of the tumour.”® As for imaging modali-
ties, MRI has been known to be a more accurate modality in
tissue contrast compared with CT.**8

This study shows that the MRI determined tumour diame-
ters were smaller than the gross specimen tumour diameters
and correlate more closely with tumour volume. In our study,
in 10 patients, the gross specimen tumour size measurement
was larger than 4 cm, but was smaller than 4 cm in the MRI
results. This may be confusing for clinicians, because the size
of tumour is one of the major prognostic factors.*® In this
case, the gynaecologic oncologist may also be inconclusive
about the necessity of adjuvant therapy. Hence, it is impor-

10 . 15 'RATIONAL CANCER CENTIR:

Fig. 1 - 46-year-old woman with Ib1(FIGO staging) uterine cervical carcinoma (squamous cell carcinoma). (a), (b) Sagittal and
transverse T2-weighted MR images show oval shaped cervical tumour confined to uterine cervix. The largest diameter of the
tumour was measured in the transverse plane (d = 34.02 mm). (c) Gross specimen shows infiltrative cervical tumour (arrows).

The largest diameter of the tumour was 55 mm.
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Fig. 2 - 59-year-old woman with Ib1(FIGO staging) uterine cervical carcinoma (squamous cell carcinoma). (a), (b) Sagittal and
transverse T2-weighted MR images show small cervical tumour in uterine cervix. The largest diameter of the tumour was
measured in the transverse plane (d = 31.19 mm). (c) Gross specimen shows infiltrative cervical tumour (arrows). The largest

diameter of the tumour was 60 mm.

Table 2 - FIGO stage versus gross tumour diameter, MRI tumour diameter and volume

FIGO stage Gross tumour diameter MRI tumour diameter
D<4cm D>4cm D<4cm D >4cm

Ib1 (n =59) 49 10 56 3

b2 (n=15) 4 11 5 10

lia (n=9) 5 4 7 2

Total (n = 83) 58 25 68 15

tant to determine which tumour size should be employed as a
reference in the management of cervical cancer patients.

In our study the gross specimen tumour size was mea-
sured after sagittal section of the anterior cervical wall and
cervix unfolding. The discrepancy between tumour size, as
measured by MRI and the gross specimen respectively, was
due to the histological cut up process. The validity of the gross
specimen measurement could be questioned but this method
is routinely undertaken in Korea.'**’Interestingly, among the
21 tumours whose size difference between the two measure-
ments was 1cm or greater, there were only two bulky tu-

mours (larger than 4 cm) using MRI. In other words, the
discrepancy was exaggerated in smaller tumours using MRI.
Small tumours (diameter < 4 cm) confined to the uterine cer-
vix appeared larger in the gross specimen than when mea-
sured by MRI and there was a greater discrepancy than with
the large tumours (diameter > 4 cm).

In our study we chose the MRI derived tumour volume as
the gold standard for comparing the validity of the MRI and
gross specimen diameters. The rationale for this method is
that the MRI derived three-dimensional analysis of tumour
volume provided highly accurate measurements of the actual
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tumour volume compared with giant histologic sections of
the entire cervical tumour.?*?® Soutter et al. reported that
MRI determined tumour volume was the only strong factor
associated with the survival of patients with cervical cancer
and that the other parameters, such as age, stage, lymphovas-
cular space involvement, MRI parametrial invasion, and MRI
detection of involved lymph node, showed weak associa-
tion.’ In our study the MRI tumour size correlates more clo-
sely with the MRI tumour volume than the gross specimen
size does, and we feel that the MRI measured tumour diame-
ter represents a more accurate tumour volume than that ob-
tained by gross tumour specimen measurements.

In the current study the MRI tumour volume correlated
with both the MRI tumour size and gross specimen tumour
size. It is possible that closer correlation was observed be-
tween MRI tumour volume and MRI diameter than between
MRI tumour volume and gross specimen diameter because
the two former parameters were measured using the same
instrument. However, in our retrospective study it was not
possible to measure tumour volume with any other method
than MRI volume reconstruction. We believe that, in a future
study, there should be a method used to measure the real tu-
mour volume which would then become the gold standard.

In conclusion, MRI measured diameters tend to be smaller
than those of gross specimens but provide a more accurate
assessment of true tumour volume in patients with uterine
cervical cancer.
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