401
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Summary

Objective: Estimation of tumor size by a single diameter is used in the current Federal International Gynecology Oncology (FIGO)
cervical cancer staging system. However, the role of three-dimensional volumetry is rarely mentioned. In this study, three kinds of
tumor volume estimations were performed and the relationship of these volume estimations among associated cervical cancer pro-
gnostic parameters were evaluated.

Methods: Thirty patients with newly diagnosed cervical cancer at Taipei Veterans General Hospital were enrolled in the study.
Final pathology and associated parametric information was obtained by chart review. The original magnetic resonance (MR) image
was reappraised by an experienced radiologist and the tumor volume was estimated using either three axial measurements or the
longest axial measurement. The corresponding three-dimensional (3-D) volume was calculated by the integration of lesion areas in
different images using volumetric software developed by engineers at National Central University, Taiwan. All data were analyzed
separately for correlation with clinical staging, histological differentiation, pelvic lymph node metastasis and survival status.

Results: A statistically significant difference in tumor volume estimates was found between 3-D-integration and one-dimensional
estimates among tumors with lymph nodes metastasis, cell differentiation and parametrial involvement.

Conclusion: This study found that the parameters of lymph node metastasis, parametrial involvement and tumor differentiation
are volume-dependent. 3D-tumor volumetry showed superior discrimination of these parameters compared to current single dia-
meter evaluation suggesting its potential as a rapid method for initial prediction of prognostic factors in cervical cancer.

Key words: Tumor volumetry; 3-Dimensional volumetry; Stereologic volumetry; Cervical squamous cell carcinoma; Prognostic.

factors.

Introduction

Cervical cancer remains the leading cause of cancer
mortality among females in Taiwan [1-3]. Different the-
rapeutic modalities for cervical cancer including surgical
procedure, chemotherapy, radiotherapy, and combined
chemo-radiation therapy are selected based on accurate
staging of the tumor itself. Tumor size has been used as
a parameter in the FIGO cervical cancer staging system
since 1988 [4-6]. However, tumor size was originally
interpreted only by the largest long axis of the tumor and
was defined as a bulky tumor size when the diameter was
larger than 4 cm.

MR images allow a more precise location of the tumor;
3-D reconstructed volumetry is now used in therapeutic
monitoring before and after radiotherapy [7-10].
However, there have been few studies on the relationship
between 3-D tumor volume and other prognostic factors
in cervical cancer. A multi-center study of tumor volu-
metry in cervical cancer revealed that stereologic volu-
metry is a more accurate measurement in tumor treat-
ment assessment than the current FIGO classification
[11]. However, data from the study were based on the
pathologic specimens on fixed slides, thus distortions of
tumor status due to the preparation may have confoun-
ded the analysis. In this study, we used modern MR-
images to reconstruct a more accurate tumor contour and
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to calculate the corresponding volume via a mathemati-
cal algorithm. This technique was used to compare the
correlation of 3-D tumor volumetry and traditional
volume estimation for various cervical cancer prognostic
parameters.

Materials and Methods

Patients Selection and Qualifications

Two hundred and fifty-six cervical cancer patients diagnosed
from December 1994 to December 1997 were identified from
the pooling data bank of the Department of Obstetrics and
Gynecology in the Taipei Veterans General Hospital. Only the
30 cases that had undergone MR examination during the first
visit were enrolled in the study. Two patients were excluded
from the study due to adenosquamous carcinoma and one due
to adenocarcinoma of the cervix.

Finally, a total of 27 patients with complete clinical as well
as available laboratory data were included for further analysis.
All of them were preoperatively staged by FIGO criteria and
underwent hysterectomy (modified radical hysterectomy for
early stage, radical hysterectomy for stage Ib, to far-advanced
stage), bilateral oophorectomy, and pelvic lymph nodes dissec-
tion. Paraaortic lymph node sampling was optionally perfor-
med. Postoperative adjuvant chemotherapy or radiotherapy
was given to patients with a general condition that could tole-
rate the treatment if any lymph node involvement, suspicion of
inadequate surgical treatment or a poorly differentiated histo-
logy pattern was noted.
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Image Processing and Reconstruction

The initial MR images were produced by a GE GENESIS-
SIGNA system using the DICOM3 format in the Radiology
Department of our hospital. We used the transverse Axi FSE T2
serial images as the experimental source and the longitudinal
images as an additional reference if the lesion depth was uncer-
tain on transverse serial images. These data were translated into
readable bitmap format on a personal computer platform. Each
image slice was processed according to brightness and contrast
adjustment so that the best quality data on the tumor margin
could be clearly assessed. Thickness between the slices as well
as the corresponding pixel distance were recorded and entered
into the volumetric program (Volume Calculus, version 4.0
developed by the Department of Mechanical Engineering,
National Central University). The program enabled the tumor
margin to be delineated graphically using the computer mouse
under the supervision of an experienced gynecologic-oncology
radiologist. The three dimensional volume (VMR3D) was then
reconstructed by summation of the tumor area from all slices
and multiplying by inter-image thickness. The conventional
volume (VELLIP) was calculated either from the three axial
diameters based on the ellipsoid equation (VELLIP= /6 (D1x
D2x D3)) by lateral (D1), antero-posterior (D2) and cranio-
caudal (D3) diameters or solely by the largest diameter
(DMAX).

Parameters and Statistical Analysis

Three different volumetric data sets were derived for each
patient: the largest diameter (DMAX), the conventional volume
(VELLIP) and the reconstruction by slice summation (VMR3D).
Several prognosis-related risk factors, including the histologic
parameters of cell differentiation (poor, moderate or well), kera-
tinization, lympho-vascular space involvement (or tumor
emboli), and the pathological parameters of pelvic lymph nodes
metastasis, parametrium, uterine body or vaginal involvement,
stromal invasion (shallow, medium or deep), were analyzed
individually as described in our previous study [12,13]. Tumor
invasion below the depth of one-fourth of the cervical stroma
was defined as shallow, beyond 1/4 up to 3/4 as middle, and
from 3/4 up to the full layer as deep invasion. The senior gyne-
cological pathologist checked all of the pathologic parameters
using the original slides.

Differences between these methodologies of volumetric eva-
luation were analyzed by paired t-test. ANOVA was applied to
determine the significance of analysis among each of the para-
meters.

Results
General description and follow-up

Up to the end of December 2001 the median follow-up
period was 51.5 months, ranging from 40.5 to 63.1
months and all of the patients except for three had survi-
ved. All three of these patients died of disease which was
refractory to both chemotherapy and radiotherapy. The
mean age the patients was 53.59 (S.D.=10.01), ranging
from 37 to 72 years of age. All patients were followed-
up regularly in our out-patient clinics at 3-month inter-
vals during the first year after the operation, then every
six months in the following year, and finally annually if
no evidence of recurrence was found. The tumor markers
of serum SCC-antigen, tissue polypeptide antigen and

CBC were evaluated at each OPD visit and chest X-ray
and pelvic ultrasound survey were performed every three
months after the OPD visit [14].

Parameters and tumor size

The analysis included the parameters of depth of tumor
invasion into the stroma (shallow, middle & deep),
lympho-vascular involvement, the presence of tumor
emboli in the vascular space, pelvic lymph node meta-
stasis, tumor cell differentiation (poor, moderate, well),
keratinization, tumor extension (to the vagina, uterine
body or parametrium) and survival status at the end of the
study period.

Results for the three different methods of tumor volu-
metry were correlated with all of the parameters shown
in Table 1. Tumor size as determined by all three
methods showed a significant difference only when
used to determine the presence of pelvic lymph node
metastasis. Reconstruction of tumor volume either by
ellipsoid formula or 3-D reconstruction showed a signi-
ficant discrimination in tumor cell differentiation com-
pared to diameter alone. Volumetry based on MRI
reconstruction showed significantly larger tumors with
parametrial involvement compared to the other methods
(p = 0.0232).

Discussion

Computer tomography or magnetic resonance imaging
can delineate the target region from a 3-D image into
several slices in 2-D form. The volume of the target has
traditionally been interpreted using only a single diame-
ter [9, 15]. The MR derived maximum diameter can
represent the tumor diameter estimated by conventional
physical examination and both were highly correlated
[16]. Three-dimensional volume can be determined either
by ellipsoid equation or the Cavalieri method [17].
Greater accuracy has been found using the integrating
method from ultrasonographic images compared with
ellipsoid equation derived volumetry [18]. In this study,
we used MR images as the source of volumetry. MR
images are superior in the resolution of tumor and adja-
cent organ involvement than other imaging techniques
[19-24] because the lesion can be well contrasted as a
high intensity area and easily outlined [19]. Fischetti et
al. reported that the accuracy in demonstrating parame-
trial involvement was 88% with a sensitivity and specifi-
city of 77% and 94%, respectively [24]. In the present
study we found that while the size of tumors with para-
metrial involvement was significantly larger than those
without (p = 0.0232), such discrimination was revealed
only in the VMR3D data.

Stereologic volumetry has been widely accepted as an
important evaluative factor for successful radiotherapy in
cervical cancer patients [7, 8, 25-27]. Hricak et al. repor-
ted that tumor volume is a significant prognostic factor
in cervical cancer patients under radiotherapy [20].
However, the importance of three-dimensional tumor
volumetry as prognostic prediction before therapy
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remains unclear. This study assessed whether tumor volu-
metry could predict the cancer pathologic property before
invasive biopsy or pathologic proof using three tumor
volumetry methodologies. Tumor volumetry was signifi-
cantly larger in positive vs negative pelvic nodes at a
ratio of 1.87 by VMR3D (45.08 cm® vs. 24.04 cm’) and
this finding was consistent with the results of a multi-
center study in Germany (a ratio of 1.83, 12.8 cm’ vs 7.0
cm’) [11]. The larger volumetry in our study might have
resulted from the summation source from MR images
other than pathological slicing.

In our study, a greater stromal depth of tumor invasion
was associated with a larger volume of the tumor when
tumor volumes were calculated by VMR3D or diameter

measurement; 3-D volumetry was able to reflect cell dif-
ferentiation better than diameter methodology. The tumor
size was greater in poor versus well differentiated and in
moderate versus well differentiated groups in VMR3D
only, although VELLIP could differentiate poor versus
well differentiated tumor. No difference in the prediction.
of survival status was associated with the use of the three
methodologies. It might be due to relatively limited
patient numbers.

Determination of tumor volume expressed by a single
diameter is an easy method for volumetry interpretation
but does not represent the real tumor volumetric condi-
tion. In the present study, we collected all the separate
two-dimensional MR-imaging data as a whole volumetry.

Table 1. — Correlation of tumor prognostic parameters with volumetric assessment using three techniques.

VMR3D
Parameters (no.)

VELLIP DMAX

Mean Volume P Value Mean Volume P Value Mean Volume P Value
Stromal invasion
Shallow (<1/4) (10) 16.46 (17.35)* 0.0898 15.84 (17.54) 0.3791 2.35(1.53) 0.1806
Middle (1/4 to 3/4) (6) 33.30 (18.83) 0.4992 23.42 (13.39) 0.3511 4.67 (2.16) 0.5655
Deep (>3/4) (11) 43.10 (30.70) 0.0261° 35.02 (27.50) 0.0568 5.23(2.28) 0.0337¢
Lymphovascular invasion
Yes (10) 37.68 (26.00) 30.70 (20.76) 5.22(1.89)
No (17) 2716 (26.08) 03203 22.19 (23.52) 0.3530 433204y 03019
Tumor emboli
Yes (6) 44.78 (29.00) 37.45 (23.75) 5.95(2.04) 0.0
No (21) 27.13 (24.50) 0.1470 19.28 (21.66) 0.1690 4.29 (2.04) 0917
Pelvic lymph node metastasis
Yes (9) 45.08 (22.29) 37.45(17.63) 457 5.84 (1.67)
No (18) 24.04 (25.47) 0.0457 19.28 (22.64) 0.045 4.07 (2.11) 0.0376
Tumor cell differentiation
Well (12) 16.87 (17.05) 0.0343° 15.52 (14.86) 0.0954 3.97 (2.08) 0.2501
Moderate (10) 40.63 (31.15) 0.7319 32.56 (29.64) 0.8945 5.12 (2.49) 0.8141
Poor (5) 45.95 (17.97) 0.0065¢ 34.47 (13.69) 0.0272 5.40(0.91) 0.1648
Cell keratinization
Yes (11) 41.56 (23.33) o) 32.44 (19.21) 1 5.20 (1.51) 0.2813
No (16) 23.84 (26.04) 0.0823 20.46 (23.88) 0-1790 4.29 (2.44) ’
Tumor extension
Vagina
Yes (11) 28.31 (18.35) 26.97 (17.93) 455 4.68 (1.25)
No (21) 31840801 0779 24.88 (24.03) 08 465238y 0970
Uterus body
Yes (7) 38.75(21.37) 37 32.88 (18.31) 0.3128 5.26 (1.19) 0.3975
No (20) 28.36 (27.49) 0.3746 22.70 (23.66) ’ 445 (2.36)
Parametrium
Yes (10) 45.57 (19.31) 34.99 (18.16) 0.0880 5.17 (1.24) 4
No (17) 22.52 (26.17) 0.0232 19.66 (23.36) ' 4.36 (2.49) 0.3479
Survival status
Alive (24) 28.77 (25.70) 23.37 (22.14) 0.2046 4.52(2.19)
Deceased (3) 49.34 (25.93) 0.2034 41.09 (23.15) ’ 5.80(1.22) 0.3336

a: P-value between shallow and deep group

b: P-value between well and moderate differentiation group
c: P-value between well and poor differentiation group

*: Value in the parentheses was standard deviation (S.D.)

VMR3D, three-dimensional volumetry by MR imaging sources; VELLIP, three-dimensional volumetry by ellipsoid equation from three

diameters; DMAX, volume interpreted by maximum diameter only
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The results showed a close relationship in specific pro-
gnostic parameters that were not found on traditional dia-
meter assessment. At present, especially to those far-
advanced cervical cancer patients not suitable for major
surgery, 3-D volumetry remains a convenient tool to
identify some key prognostic pathologic parameters and
provides the gynecologist with a valuable reference in
treatment decision making.
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