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The purpose of the present study was to evaluate the prognostic significance and relationship between tumor volume and microvessel den-
sity in squamous cell carcinoma of the uterine cervix. The estimated tumor volume (TV) in 57 patients (22 stage Ib, 18 stage lla, and 17 stage
IIb) had radical hysterectomy was calculated on the assumption that the tumor mass was spheroid. The micro-vessel density (MVD) was evalu-
ated as the ratio of endothelial area immunoreactive to factor-VIll related antigen (von Willebrand factor) to whole image area measured by
computer-aided image analysis system. Tumor volume ranged from 0.1 to 41.0 cm® (median 3.6 cm®) and MVD from 0.33 to 2.95 % (median
0.85 %). A significantly larger median TV was noted in women with positive pelvic node metastasis (6.3 vs 2.6 cm®, P=0.0228), parametria in-
vasion (8.9 vs 0.8 cn?, P<0.0001), and postoperative irradiation (5.4 vs 0.6 cm?, P=0.0007). In contrast, these clinical parameters had no effect
on MVD. There was no correlation between TV and MVD. The overall survival rate at 5 years was 93.1% and 60.7% (P=0.0037) between
women with a TV of 4 cm?® and >4 cm®, respectively; and 96.2% and 61.3% (P=0.0022) between tissue specimens with a MVD of  0.8% and
>0.8%, respectively. A combined TV of >4 cm*® and MVD >0.8% further deteriorated 5 year survival rate (42.1% vs 94.7%, P<0.0001).
Multivariate analysis indicated TV and MVD as independent risk factor in this series (P=0.041, P=0.03, respectively). Our current findings sug-
gested that TV and MVD are independent prognostic factors in women with cervical carcinoma who underwent radical hysterectomy. These
prognostic factors may be clinically useful for the selection of high-risk patients who need extensive adjuvant therapy.
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Introduction

Cervicd cancer is the second most common cancer in women
worldwide' and the seventh in Japan with an incidence of 8,779
new cases and 2,481 deaths recorded in 2002. Screening for cervi-
ca cancer by cytol ogy has reduced the incidence of invasive cervi-
cd cancer, however, the number of young patients with invasive
cervica cancer has recently been increased.?

Radical hyserectomy is a standardized surgica procedure for
pati ents with stage Ib-11b cancer. In cases of advanced disease or
in the presence of risk factors such as lymph node metadasis,
parametrial invason, and involved resection margins, additiona

therapy with radiation or concurrent chemoradiation is useful.
However, since this therapy is complicated by side effects such as
bladder or bowel dysfunction and sexua dysfunction, single mo-
ddity trestment is preferred to keep morbidity low. On the other
hand, a more radicd treatment is necessary to improve overal sur-
vivd in surgicaly trested patients with high rik factors.
Therefore, it is necessary to ascertain further prognostic factors to
improve the therapeutic outcome.®

Tumor s ze has been proposed as an i mportant prognostic factor
in patients with cervicd cancer by many authors.*** However, in-
formation on the measurement of tumor s ze or volume in thesere-
ports was ill-defined. Only afew centers have subjected cervica
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cancers obtained a surgery to precise morphometric study and thus
can relate patient outcome to tumor size reiably.”* Meanwhile
the growth of solid tumors beyond 2mm diameter depends on
tumor angiogenesis, which may also permit tumor progression and
metastasis.® So far many studies have shown a satigtically sg-
nificant relationship between increased intratumora microvesse
density (MVD) and risk of metagtasis and/or decreased survival of
patients with solid tumors including cervical cancer.®” While
someinvegigators have shown tha MV D counts might be an inde-
pendent prognogtic factor, whereas others have been unable to re-
produce those findings. These differences in findings on MVD
counts may be caused by variability in staining and counting of
microvessels.” Furthermore studies are gill limited on the rel aion-
ship between tumor size and MVD and their individud or com-
bined effect on the survival of women with cervicd cancer.

Based on these reasons, we planned to evaluate the prognostic
sgnificance of tumor volume and MV D in cervical squamous cell
carcinoma in comparison to other prognogic factors, and objec-
tively examined the relationship between these two factors

Materials and Methods
Pati ents and Tissues

Fi fty-seven patients with squamous cel | carcinomaof the uterine
cervix were treated initiadly by radical hyserectomy from 1981 to
1990 at Nagasaki University Hospita. Clinica information wasre-
viewed from the patients medica records. Availability of adequate
tissue materid and clinical foll ow-up data was the only criterion for
sl ection of patients. A fraction of these pati ents underwent adj want
radiotherapy when risk factors for recurrence such as lymph node
metastasis, parametrial invasion, deep cervical stroma invason,
and vessd permeation were present. An external beam radiation
with atota dose of 50 Gy was applied for radiotherapy. All tumor
gecimens were routingdy formdin-fixed and paraffin-embedded.
Serid =ections from each paraffin block having deepeg invasive
lesion per tumor specimen were subjected to immunohistochemi cal

sudy.

Tumor Volume

Assuming the collected tumor as spheriod shape, the estimated
volume of the primary tumor was cd culated retrospectively by the
approximation formula as shown in Figure 1. Briefly, the depth of
the deepedt invasive lesion () in the vertica direction was consd-
ered as sum of both deepest lesion (x) and mog superficial leson
(y). The width (b) of the wideg invasve lesion aong the direction
of cervicd cana was evaluated from al blocks (median 12, range
10-20) of each tumor and using both macroscopi c and mi croscopic
samples Findly, thetumor volume (TV) was caculated according
to the formula as shown bel ow:

TV (cm®)=(4n/3)(a/2)* (b/2)
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Figure 1. The estimaed volume of primary tumor was measured by for-
mula as mentioned here. The detail of tumor volume calculation is de-
scribed in the text. TV indicates tumor volume (cnt); 'a’ denotes depth of
the tumor (x+y); 'b' denotes width of the tumor.

I mmunohistochemistry

Expression of factor VIlI-related antigen (von Wil lebrand factor,
VWF) was examined with the | abel ed strepto-avidine biotin proce-
dure (LSAB kit, DAKO JAPAN Co., Ltd., Kyoto, Japan) in formalin
fixed paraffin-embedded tissue specimens. Four-& m thick sections were
cut and mounted on silane-coated gl ass dides. After deparaffinizati on,
the sections were immersed in xyl ene and rehydrated through a series
of graded ethanol and were washed three times with phosphate-
buffered-sdine (PBS, pH 7.2). The samples for VWF expresson
were initidly treated with 0.1% trypsin (DIFCO Laboratories,
Detroit, Michigan, USA) in tris-HCL buffer (pH 7.6) & 37 for
15 min. Slides were immersed in a 10mM citrate buffer (pH 6.0)
and then micro-waved (MC-T5, NEC Corp., Tokyo, Japan) for a
total of 10 min (90 ). Anti-human VWF antibody (clone F8/86,
code M0616; DAKO, A/S, Denmark) is a mouse monocl onal anti-
body and was used as aprimary antibody (1:50 dilution) and i ncu-
bated for 3 hours at room temperature. The dides were subsequently
incubated with biotinylated second antibody for 10 min, foll owed
by incubation with avidin-peroxidase for 10 min and visudized
with NiSO/ CoCl,/3,3'-diaminobenzidine tetrahydrochl oride (DAB,
Wako Pure Chemicd s Industries Ltd., Osaka, Japan) and hydrogen
peroxide for color appearance®. Finally, the tissue sections were
dehydrated with serid a cohols, cleared in xylene, and mounted
with cover dip.

Microvessd Dendty

Microvessd density (MVD) was evauated quantitatively by
computer-aided image analys's system which was comprised of a
optical microscope (Nikon, Tokyo, Japan) with 3CCD color vison
camera module (Sony, Tokyo, Japan), high resolution image monitor
(Sony), Image Grabber 1.2 col or video digiti zer software (Neotech,
Ltd., London, UK) and Mac Scope 2.5.3 image anaysis software
(Mitani Co., Ltd., Fukui, Japan). The gaining of vesxls in the
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sroma outside the tumors was used as an interna positive control .
Negative controls were sections incubated with PBS only without
the primary antibody. Because there was no counterstaining for
VWEF, a seridly sectioned dide stained with hematoxylin and eosn
(H & E) (Figure 2-a) was used as amap to i dentify vesselsin VWF
immunostained dide and to accurately target areas of carcinoma
for andyds Vessds were andyzed only in the area of invasive
carcinoma. Slides were scanned a x40 magnification to determine
3 to 6 highly vascularized areas or "hot sots', which indicates
area with higher neovascul ar potential.*** The one imaging tota
area was 1.07 mn¥. The originad color image was input into the
computer and converted to gray image (Figure 2-b), so vessls
were observed as dark gray lines A binary image (F gure 2-c) was
generated by computing a single adaptive threshold that was
adopted from the staining intensty of area with internal postive
control. An optimum threshold level to demarcate distinction be-
tween microvessels and background was adjusted by a sngle op-
erator. MVD was measured automatical ly as the ratio (%) of VWF
immunogained endothelial area to the whole image area.

Satigical analysis

Association among patient characteristics, tumor volume and
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Figure 2. Hamaoxylin and eosin staining (a); immunohistochemical stain-
ing for factor VIlI-related antigen, von Willebrand fadtor (b); and staining
aearatio (1.45%) as cdculated by image binarization (c) for sections of
cervicd cacinoma Magnification, x40.

microvessel density was tested by Mann-Whitney's U test or re-
gresson andysis. Survival was estimated using Kaplan-Meyer
method, and comparison between study groups was performed
with log-rank tes. Multivariate analysis was peformed usng
Cox's proportional hazard model. For dl statisticad anayses, the
Sa View sysem of personal computer was used and P<0.05 was
considered as gatigically significant.

Results

Patients were classified according to the clinica saging of the
International Federation of Gynecology and Obstetrics (FIGO), 22
were stage b, 18 were gage Ila and 17 were gage |Ib. The mean
age of the patients at surgery was 55.9 years (range 33-72 years).
The tumor was classified for histol ogical types (35 large cell non-
keratinizing, 10 small cell non-keratinizing, 12 keratinizing). Pelvic
lymph nodes were positive in 19 patients. Parametria invasion and
vessl permeation were seen in 34 patients and 20 patients, respec-
tively. Mean follow-up period was 66.0 + 32.7 months with a
range of 10.5-174.3 months. A summary of tumors collected after
radica hysterectomy is liged in Table 1.
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Table 1. Chaaderigtics of tumors with cevical carcinoma after radical

hysterectomy.
Characteigtics cases
FIGO sege
b 2
a 18
b 17
Higtological type
large cell non-kerainizing 35
small cell non-keratinizing 10
kerdinizng 12
Pelvic lymph node metastasis
Negative 3B
Positive 19
Parametrial invason
No 23
Yes K’}
Vessel permedion
No 37
Yes 20
Postoperative irradiation
No 10
Yes 47

Tumor Volume and Microvessd Density

Tumor volume (TV) assessed in 57 patients with primary cervi-
ca carcinoma ranged from 0.1 to 41.0 cm® (median 3.6 cm®), and
MV D ranged from 0.33 to 2.95 % (median 0.85 %). As shown in
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Table 2, significantly larger median TV was noted in cases with
postive pelvic node metastass (2.6 versus 6.3 cm’, P=0.0228),
parametria invasion (0.8 versus 8.9 cn®, P<0.0001) and postopera-
tive irradiation (0.6 versus 5.4 cm®, P=0.0007). In contragt, neither
of these clinical parameters had any impact on MVD. In this series
of 57 patients there was no significant correlation between TV and
MVD (Fgure 3).
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Figure 3. Shows the relaionship between microvessel density (MVD %)
and tumor volume (am?®) of 57 pdients with primary cervicd caranoma.
No relaionship was observed beween them (r=0.134; P=0.325).

Table 2. Median tumor volume and microvessel density of 57 patients with cervical cardnoma who underwent

radical hysterectomy.

Characteigtics V(@) P-vdue MVD(%) P-value
(range) (range)
FIGO sage NS NS
b 2601 21.4) 0.81(0.34 179
a 54(05 41.0) 0.77(0.35 295)
b 6.3(06 27.3) 0.89(0.33 203)
Histological type NS NS
large cell non-kerdinizing 53(0.1 41.0) 0.97(0.33 2.95)
small cell non-keratinizing 3.7(0.2 198 0.87(0.34 1.78)
kerainizing 27003 24.8) 0.76(0.40 191)
Pelvic lymph node metastasis 0.0228 NS
Negative 26001 24.8) 0.83(0.33 247)
Positive 6.3(L0 41.0) 0.92(0.33 295)
Parametrial invason <0.0001 NS
No 0.8(0.1 11.1) 0.78(0.3 295)
Yes 8905 410 0.87(0.33 209
Vessel permedion NS NS
No 29001 41.0) 0.84(0.33 247)
Yes 5802 27.3) 0.87(0.33 295)
Postoperative irradiation 0.0007 NS
No 0.6(0.1 13.1) 0.840.50 247)
Yes 54(0.2 41.0) 0.85(0.33 295)

TV, tumor voume; MVD, microvessel dendty; NS, not significant.
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Log-Rank Analysis

Patients with small ( 4cm®) TV had a significant good progno-
ss when compared with patients with large TV (>4cm’) (Figure
4). Five-year overal estimated survival rates were 93.1 % versus
60.7 %, respectively (P=0.0037). Again, patients with less MVD
( 0.8%) displayed a dgnificant good prognosis when compared
to patients with higher MV D (>0.8%) (Figure 5). Five-year overal
estimated survival rates were 96.2 % versus 61.3 %, respectively
(P=0.0022). HGO stage, pelvic lymph node status, parametrid in-
vasion, and vessd permeation had no dgnificant impact on prog-
nods of patients as eval uated by univariate anaydsin this series
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Figure 4. Overall estimated 5 years survival of 57 patients with primary
cervicd carcinoma according to tumor volume (TV). Patientswith a TV of

4am® had a good survival rate (93.1%) when compared with women hav-
ing aTV >dcnt (60.7%) (P=0.0037).

81

HEZA, MVD S0 )

. ™
]
|

e
i

E AL MV ES =50
wo ]
]
4=
L
A -
o
o=
¥ L] L L | L 1 ¥
i It 20 Al Ad Ll il
liml s

Figure 5. Overall estimated 5 years survival of 57 patients with primary
cervicd carcinoma according to microvessel density (MVD). Spedmens of
patients with a MVD of <0.8% showed a significantly better survival

(96.2%) when compared with cancer spedmens of patients witha MV D of
>0.8% (61.3%) (P=0.0022).

Multivariate Analyss

A Cox'sproportiond hazardsmodd for overal surviva was car-
ried out incorporating FIGO sage, pelvic node qatus, TV, and
MVD (Table 3). Only variables with P vaues of <0.30 in the
univariae andys s (log-rank analysis) were included in the multi-
variate andysis. Tumor volume and MV D were the only independ-
ent prognogtic factors by multivariate andys's (Table 3). Patients
with combined large TV (>4cm’) and high MV D (>0.8%) had the
poorest prognosis (Figure 6) when compared with other factors.
Fveyear overall estimated survival rates were 42.1 % versus 94.7
% for combined small TV (<4cm®) and less MVD (<0.8%)
(P<0.0001).

Table 3. Univariate and multivariate andysis of tumors with Cox's proportional hazards model to predict prognostic fadors in

patients with cervical carcinoma.

Univarige Multivariate®
Factors
P-value P-value Relative risk 95%Cl

FIGO (stage ) 0.0539 0.1015 0.278 0.060 1.287
Pelvic lymph node status (negative) 0.2998 0.8338 1131 0357 3589
Parametrial invasion (negaive 0.4456

Vessel pameation (negative) 0.3121

TV ( 4cnt) 0.0037 0.0410 0.103 0.013 0.803
MVD ( 0.8%) 0.0022 0.0300 0.1%4 0.040 0.936

TV, tumor volume; MV D, microvessel density; Cl, confidence interval.

?Only variables with P<0.30in the univariate analysis are included in the multivariate analysis.
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Figure 6. Overall estimated 5 years survival of 57 patients with primary
cervicd cacinoma eccording to combined tumor volume (TV) and
microvessel densty (MVD). Tumor of patients with a TV of >4cm and
MVD of >0.8% displayed worse prognosis (42.1%) when compared with
those of <4om’ TV and <0.8% MVD (94.7%) (P=<0.0001).

Discussion

We demonstrated in our current study that estimated large tumor
volume and increased microvessel dendty were independent prog-
nogtic factors to predict the survival of patients with carcinoma of
the uterine cervix when compared with a number of other clinicd
parameters This was confirmed by both univariate and multivari-
ate analysis together with estimation from life-time surviva curve.

Median tumor volume (4cm®) was a significant prognosti ¢ indi-
cator to isolate high- risk patients in this series. Tumor diameter
has been proposed as a prognostic factor for survival of patients
with cervical carcinoma by many authors™. It is postulated that
patients with early stage Ib carcinoma of the cervix may have a
aurvivd of 90% or greater, while patients with stage Ib "bulky"
tumor may have no more than a50 or 60% survival. These patients
have a poorer surviva than some with gage Il disease. In order to
adjust this gap in the prognosis of patients with same gage b dis-
ease, FIGO Congress in Montred, the Gynecologic Oncol ogy
Committee proposed some changes in the staging of cervical can-
cer. In 1995, a new International Federation of Gynecology and
Obstetrics (FIGO) staging system for carcinoma of the cervix was
published with a proposa to divide patients with stage Ib into two
separate subgroups based on tumor extension and diameter: 1bl,
tumor limited to the cervix and 4.0 cm diameter; and b2, tumor
limited to the cervix and >4 cm diameter. However, the FIGO
committee realized that this subdivision of stage Ib is a step trying
to further delineate a wide spectrum of disease 0 that hopefully
the beg treatment modality may be ascertained.”

Based on these facts, it remains a concern of debate whether
clinical tumor size can be cond dered as an actualy important pre-
dictor of surviva or not. This issueis still unclear. Finan et d.”
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showed that the FIGO staging system for 1b1 and Ib2 disesse did
not have an independent impact on survival in surgically treated
patients. They sad that disease stage acted only through nodd
gatus in itsimpact on surviva. Rutledge et d. subsequently dem-
ondrated that the prognosis in stage Ib carcinoma was mosgtly in-
fluenced by the presence of lymphovascular space involvement
and depth of stromd invasion and not by tumor size* The reason
for thisis that clinical estimation of tumor size is a poor surrogate
for the actua tumor volume, because measurement of tumor size
is not standardized and obviously varies between vari ousinvestiga-
tors.™°

Burghardt et d. demonstrated in a large series that tumor
volumetry of surgical gpecimens obtained at radical hysterectomy
permitted a more accurate assessment of therapeutic results in pa-
tients with cervica cancer than does the FIGO dassification.’ In
pardle with this study, Trattner et d. has proposed that tumor vol -
ume cal culated by assuming an ellipsoid using the area of the larg-
est pathologica tumor specimens might provide important prog-
nogic information if lymph node status was not known or
histopathologica stage could not be assessed.* Our data supported
those two studies and it gopears reasonabl e to speculate that tumor
volume, because of its 3-dimensiond measurement, would re ate
even better to prognosis than a linear tumor dze in clinica prac-
tice

Microvessd density (MVD), as measured by endothdiad gained
area and expressed as percentage of the whole tissue area, was
found to be another independent prognogtic factor for carcinoma of
the uterine cervix. In fact, we found that patients with high MVD
of more than 0.8 % had significantly worse overall 5 years surviva
rate (62%) than those with low MVD (0.8 %) in this study. This
overdl survival rate in patients with cervica cancer further dete-
riorated (61% to 42%) when high MVD was combined with a large
tumor volume.

Angiogenesis has been shown to be essentid for the growth and
progress on of malignant tumors.® MVD and its influence on sur-
viva has been gudied in squamous cell carcinoma of the cervix,
but the results of those gudies were inconsistent and the prognostic
vaue of MVD was uncertain,” probably because of difficultiesin
quantifying vascularization. Severad methods have been applied to
quantify tumor vascul arity irespective of the manner of highlighting
the blood vessdl s in ti ssue sections. These methods are vessel counts
per unit area, relative amount of vascular volume, intercapill ary dis-
tance, and distance from tumor cells to the cl asest microvesse.” An
evauation of vascularization has been demonstrated using the
method by manually counting the number of immunohistochemical ly
daned capillaries. Because blood vessd is not uniform within
tumor, the mog densely vascularized area (so-cdled "hot sot")
often is selected.” Moreover it is necessary of digtinguishing indi-
vidua vessd's for counting. Thus it was pointed out tha manua
counting was time consuming and the potentia subj ectivity made
results uncertain. On the other hand, Schoell et al. demongrated
that image analysis sysem for measurement of MVD was useful in
ovarian carcinoma.” This study described that method of com-
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puter-aided image ana ys s might overcome some of the subjectiv-
ity inherent in the manua counting of vessels and may improvethe
ability to evaluate accurately the angiogenic potentia in ovarian
carcinoma. Our current gudy s evaluated MVD using image
anadys s system by measuring immunoreactive endothdia cellsto
von Willebrand factor. We assumethat this method would be more
objective to measure vascul arity in a defined tumor area than that
of manual counting of immunoreactive capill aries

We did not find any significant correlation between tumor vol-
ume and microvessel density in thisstudy, even both TV and MVD
were independent prognostic factors for overal surviva by multi-
variate analysis. Thislack of associ aion between TV and MVD is
unclear but can be explained as follows Most tumors become
symptomatic and clinically detected only after neovascul arizati on.
It should be emphas zed, however, that switching to the angi ogenic
phenotype dose not always resut in arapidly proliferating tumor.”
In cervica cancer, the onset of angiogenesisis an early event in
pre-malignant changes of the cervix due in part to enhanced ex-
press on of vascular endothelia growth factor by the abnormal epi-
thelium.” Recently, soft tissue contrast of magnetic resonance im-
aging (MRI) enables clear delineation of tumors within the uterine
cervix using an endovaginad or endorecta technique. Tumor vol-
ume measurements obtai ned from such images correlate well with
volume measurements at histopathology and are valuable predic-
tors of outcome.” Moreover evauation of microvessd density by
dynamic enhanced MRI has been eva uated in a recent report.”

In conclusion, we reported here for the first time that tumor vol -
ume and microvesse densities are independent prognostic factors
to predict the survival of patients with cervica cancers who under-
went radica hysterectomy. These two prognostic factors may be
clinically useful for the selection of high-risk patients who need
extend ve adjuvant therapy. Further clinica study is necessary re-
garding association between tumor volume or vascularity at radio-
logica image and that by histopathol ogy in order to srengthen the
dgnificance of our current findings at tissue level.

Acknowledgements

We thank Honorary Prof. Tooru Yamabe of Department of
Obstetrics and Gynecology, Nagasaki Universty School of
Medicine, Nagasaki, Japan for his kind academic advice.

References

1. Schiffman M, Castle PE, Jeronimo J Rodriguez AC, Wachilder S. Human
papillomavirus and cervical cancer. Lancet 320: 890-907, 2007

2.Matsuda T, Marugame T, Kamo K, Katanoda K, Ajiki W, Sobue T; Japan
CancerSurveillance Research Group. Cancer incidence and incidence rates in
Japan in 2002: based on data from 11 population-based cancer regidries Jpn J
Clin Oncd 38: 641-8. Epub 2008

3. Peters WA 3rd, Liu PY, Barrett RJ 2nd, Stock RJ, Monk BJ, Berek JS, Souhami
L, Grigsby P, Gordon W X, Alberts DS. Concurrent chemotherapy and pelvic ra-
diation therapy compared with pelvic radiation therapy alone as adjuvant therapy
after radical surgery in high-risk early-stage cancer of the cervix. J Clin Oncol 18:

83

1606-1613, 2000
.Trattner M, Graf AH, Lax S, Forgner R, Dandachi N, Haas J, Pickel H, Reich O,
Staudach A, Winter R. Prognastic factorsin surgically treated stage ib-iib cervica
carcinomas with special emphasis on the importance of tumor volume. Gynecol
Onca 82 11-16, 2001
5.Homedey HD, Raben M, Blake DD, Ferree CR, Bullock M S, Linton EB, Greiss
FC Jr, Rhyne AL. Relationship of leson size to survival in patients with stage IB
squamous cell carcinoma of the cervix uteri treated by radiation therapy. Surg
Gynecol Obget 150: 529-531, 1980
Hricak H, Lacey CG, LG Sandles, Chang YC, Winkler ML, and Stern JL. Invasve
cervical carcinoma: comparison of MR imaging and surgical findings. Radi ology
166: 623-631,1988
7.Delgado G, Bundy B, Zaino R, Sevin BU, Creasman WT, Major F. Prospective
surgical-pathological study of disease-free interva in patients with stage Ib
squamous cell carcinoma of the cervix: a Gynecologic Oncology Group study.
Gynecol Oncal 38: 352-357, 1990
8.Perez CA, Grigsy PW, Nene SM, Camel HM, Galakatos A, Kao MS, L ockett
MA. Effect of tumor sSze on the prognosis of carcinoma of the uterine cervix
treated with irradiation alone. Cancer 69: 2796-2806, 1992
Burghardt E, Baltzer J, Tulusan AH, Haas J. Results of surgica treatment of 1028
cervical cancers sudied with volumetry. Cancer 70: 648-655, 1992
10. Eifel PJ, Morris M, Wharton JT, Oswald MJ. Theinfluence of tumor size and mor-
phology on the outcome of patients with FIGO stage | b squamous cell carcinoma
of the uterine cervix. Int J Radiat Oncol Biol Phys 29: 9-16, 1994
11. Narayan K, McKenzie A, Fisher R, Susl B, Jobling T, Bernshaw D. Egtimation of
tumor volumein cervical cancer by magnetic resonanceimaging. Am J Clin Oncad
26: €163-€168, 2003
12. Soutter WP, Hanoch J, D'Arcy T, Dina R, Mclndoe GA, DeSouza NM.
Pretreatment tumour volume measurement on high-resolution magnetic resonance
imaging as a predictor of surviva in cervica cancer. BIOG 111: 741-747, 2004
13.Van de Putte G, Lie AK, Vach W, Baekelandt M, Krigensen GB. Risk grouping
in stage Ib sqguamous cell cervical carcinoma. Gynecol Oncol 99: 106-112, 2005
14. Folkman J. What is the evidence that tumors are angiogenes's dependent? J Nat!
Cancer Inst 82: 4-6, 1990
15. Weidner N, Semple JP, Welch WR, Falkman J. Tumor Angiogenes s and metasta-
sis correlation in invasive breast carcinoma. N Engl J Med 324: 1-8, 1991
16. Schlenger K, Hockel M, Mitze M, Schaffer U, Weikel W, Knapstein PG, L ambert
A. Tumor vascularity--a novel prognostic factor in advanced cervical carcinoma
Gynecol Oncal. 59: 57-66, 1995
17. AbulafiaO, Sherer DM. Angiogenesisin the uterine cervix. Int J Gynecol Cancer
10: 349-357, 2000
18. Brewer CA, Setterdahl JJ, Li MJ, Johngon JM, Mann JL, McAsey M E. Endoglin
expression as a measure of microvessel densty in cervical cancer. Obstet Gynecol
96 224-228, 2000
19. Adams JC. Heavy metal intensfication of DAB-based HRP reaction product. J
Histochem Cytochem 29: 775, 1981
20. Barbareschi M, Weidner N, Gasparini G, Morelli L, Forti ST, Eccher C, et al.
Microvessel density quantification in breag carcinoma Appl Immunohistochem
3(2): 75-84, 19%
21.Wdfgang M.J. Schoell, Doris Pieber, Olaf Reich, Manfred Lahousen, Mike
Janicek, Fatih Guecer, Raimund Winter. Tumor Angiogenesis as a Prognogic
Factor in Ovarian Carcinoma. Cancer 80: 2257-2262, 1997
22.Creasman WT. New gynecologic cancer staging. Gyneca Oncol 58: 157-158,
1995
23.Finan MA, DeCesare S, Fiorica V, Chambers R, Hoffman M S, Kline RC, Roberts
WS, Cavanagh D. Radical hysterectomy for stage I1B1 vs B2 carcinoma of the
cervix: does the new staging system predict morbidity and survival? Gynecol
Oncad 62 139-147, 1996
24.Rutledge TL, Kamelle SA, Tillmanns TD, Gould NS, Wright JD, Cohn DE,
Herzog TJ, Rader JS, Gold MA, Johnson GA, Walker JL, Mannel RS, McMeekin
DS. A comparison of sages IB1 and | B2 cervica cancers treated with radical hys-
terectomy. Is sze the real difference? Gyneca Onca 95: 70-76, 2004
25. Folkman J. Seminars in Medicine of the Beth Israel Hospital, Boston. Clinical ap-
plications of research on angiogenesis N Engl J Med 333: 1757-1763, 1995
26. AbulafiaO, Sherer DM. Angiogenesisin the uterine cervix. Int J Gynecol Cancer
10: 349-357, 2000
27.Schoell WM, Pieber D, Reich O, Lahousen M, Janicek M, Guecer F, Winter R.
Tumor angiogenes s as a prognosti ¢ factor in ovarian carcinoma: quantification of
endothelial immunoreactivity by image analyss. Cancer 80: 2257-2262, 1997
28. Dobbs SP, Hewett PW, Johnson IR, Carmichael J M urray JC. Angiogenessis as-
sociated with vascular endothelial growth factor expresson in cervica intraepithe-
lid neoplasia. Br J Cancer 76: 1410-1415, 1997
29.deSouza NM, Dina R, Mclndoe GA, Soutter WP. Cervical cancer: value of an

N

3

©



84 Shingo Moriyama & al.. Prognostic Factors in Cervical Cancer

endovaginal coil magnetic resonanceimaging techniquein detecting small volume 30.LuJP, Wang J Wang T, Wang Y, Wu WQ, Gao L. Microvessel density of malig-
disease and assessing parametrial extension. Gynecol Oncol 102: 80-85, 2006 nant and benign hepatic lesons and MRI evaluation. World J Gastroenterol 10:
1730-1734, 2004



