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hysterectomy ranged between 55% and 77%. The most
important prognostic factor is the number of positive
nodes.

The complications

There were few studies reporting the complications of
surgical treatment in patients with stage IIB cervical
cancer. The complications increased when the patients
received adjuvant radiation after radical hysterectomy
compared with surgery alone®??, The complications
also increased with radiation dosage. Bowel obstruc-
tion, fistula, and rectal hemorrhage occurred in 8.5%
and 13.6% of patients receiving radiation of 5000 cGy

and 6000 cGy, respectively®.

Conclusion

Patients with stage IIB cervical cancer may be treated
with radical hysterectomy and pelvic lymphadenec-
tomy. Approximately 50-80% of patients are over-
staged due to difficulty in differentiation between the
parametrial involvement and the inflammatory change
of the paracervical tissue. Parametrial invasion signifi-
cantly correlated with pelvic node metastases. Adju-
vant radiation is recommended in patients who have
high-risk pathologic factors, ie, positive nodes, parame-
trial involvement, and involved surgical margins.
The strongest prognostic factor is the number of posi-
tive nodes. The complications appear to be higher in
patients who receive both surgery and adjuvant
radiation.
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Preliminary Estimation of Treatment Effect on Uterine Cervical Squamous

Cell Carcinoma in Terms of Tumor Regression Rate: Comparison
between Chemoradiotherapy and Radiotherapy Alone

Kiyoshi Ohara,* Yumiko Oishi Tanaka,** Hajime Tsunoda,*** Akinori Oki,***
Toyomi Satoh,*** Kayoko Onishi,* Kenji Kagei,” Shinji Sugahara,* Masaharu Hata,*
Hiroshi Igaki,* Koichi Tokuuye,* Yasuyuki Akine,* and Hiroyuki Yoshikawa***

Purpose: We preliminarily estimated the treatment effect on cervical cancer in terms of the
tumor regression rate (TRR) achieved with chemoradiotherapy and radiotherapy alone.
Materials and Methods: The study included cervical squamous cell carcinomas treated by
radiotherapy alone (n=45) or chemoradiotherapy (concurrent once-a-week cisplatin 30 mg/
m?, n=13). Tumors were measured three-dimensionally on pre- and mid-treatment magnetic
resonance images. TRR was defined as the slope of the exponential regression curve of tumor
volume (day') on the assumption that tumors regressed exponentially with time.

Results: TRR ranged widely (0.004-0.090 day™) and did not significantly differ between
treatment with chemoradiotherapy (median, 0.032 day!) and with radiotherapy alone (median,
0.024 day™) (p=0.361). TRR > 0.05 day™! was seen in four chemoradiotherapy tumors (30.8%)
and in six radiotherapy-alone tumors (15.0%) (p=0.207), whereas TRR < 0.01 day™ was seen
in no chemoradiotherapy tumors (0.0%) and in five radiotherapy-alone tumors (11.1%)
(p=0.180). TRR for tumors > 5.0 cm in diameter was greater with chemoradiotherapy (n=5)
than with radiotherapy alone (n=12) (p=0.065).

Conclusion: Although the difference did not reach a statistically significant level, our TRR
data suggest that concurrent chemotherapy heightens the radioresponse of large-size cervical

cancer.

Key words: radiosensitivity, minimum target dose, response rate

INTRODUCTION

RADIOTHERAPY (RT) HAS LONG PLAYED A MAJOR ROLE IN
the treatment of locally advanced uterine cervical
cancer as a single treatment modality. The effect of RT
on tumors has been estimated subjectively by pelvic
examination, and rapid and extensive tumor shrinkage
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after RT is considered predictive of local disease control.
To improve local disease control and survival, the
National Cancer Institute of the United States recom-
mends concurrent use of RT and chemotherapy (cisplatin
or cisplatin plus fluorouracil), i.e., chemoradiotherapy
(CRT), on the basis of the results of five randomized
clinical trials.! We have treated locally advanced cervical
cancer by CRT since September 2001, and we have the
impression that tumors regress more rapidly with CRT
than with RT alone. Theoretically, concurrent use of
cisplatin sensitizes tumor cells to the effect of RT,
resulting in an increased tumor regression rate (TRR).
Objective estimation of tumor size is possible with
magnetic resonance (MR) imaging, which provides
direct tumor visualization.? Measuring tumor size with
MR imaging weekly, Gong er al. observed that cervical
tumors regressed exponentially with time during RT.?
This observation implies that the rate is determined by
estimating tumor size before and anytime during RT.
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The present study was a retrospective investigation of
whether CRT increases the effect of RT on cervical
cancer in terms of tumor regression rate (TRR) estimated
from MR images on the assumption that tumors
regressed exponentially.

MATERIALS AND METHODS

Fatients 4

The study included 58 patients: 13 patients treated by
CRT and 45 patients treated by RT alone. These patients
were selected from among 126 patients with cervical
squamous cell carcinoma treated by definitive RT with
or without chemotherapy at the Tsukuba University
Hospital between January 1996 and May 2003. Before
September 2001, pre-RT neoadjuvant chemotherapy was
often used, and thereafter CRT was used whenever
considered feasible. Elderly patients were treated by RT
alone through the period. The 58 patients met the
eligibility criteria as follows: treatment with either CRT
or RT alone, disease measurable on MR images, and
availability of MR images obtained before and during
RT. Patients treated by neoadjuvant chemotherapy
(n=36), those with tumors that were difficult to measure
on MR images (n=5), and those without complete MR
images (n=21) were excluded from the study. Patients
with pre-RT MR images obtained more than five weeks
before RT (n=6) were also excluded. Patient age ranged
from 34 to 95 years (median, 68 years). Clinical stages
according to the International Federation of Gynecology
and Obstetrics (FIGO) were IB1 (n=2), IB2 (n=3), IIB
(n=10), IITA (n=5), IIIB (n=32), and IVA (n=0).

Treatment 4

Definitive RT consisted of external and intracavitary RT.
External RT was performed with 10-MV X-rays
delivered through anteroposteriorly opposed or four-field
portals in 1.8- or 2.0-Gy fractions at five fractions per
week. The treatment field used was the normal field
covering the whole pelvis up to the common iliac lymph
nodes (n=37), the extended field covering the whole
pelvis and the para-aortic nodes (n=15), or the small field
covering the pelvis up to the internal and external iliac
nodes (n=6). The extended field was used for patients
with positive pelvic or para-aortic nodes identified on
computed tomograms, and the small field was used for
patients in poor condition or more than 80 years old. In
34 patients, boost RT was delivered after 50.4 or 50.0
Gy to the parametrial induration or lymphadenopathy.
Thus, total pelvic doses ranged from 45.0 to 66.6 Gy
(median, 59.4 Gy) including boost doses. Para-aortic
doses ranged from 41 .4 to 57.6 Gy (median, 45.0 Gy).

Intracavitary RT was performed with a high-dose-rate
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remote afterloading system with an iridium-192 source.
The prescribed dose to reference point A was 6.0 Gy
per insertion, and insertions were performed weekly: two
insertions (n=3), three insertions (n=16), four insertions
(n=35), and five insertions (n=4). Intracavitary RT was
started after a central block was placed on the external
RT field. Timing of intracavitary RT depended on the
extent of the tumor before treatment and on the tumor
response to external RT. A central block was placed after
the external RT doses ranging from 19.8 to 61.0 Gy
(median, 36.0 Gy). Typically, for medium-sized,
normally responsive stage [I1IB disease, the pelvic
central dose delivered from external RT was 30.6 Gy,
and point A dose was 24.0 Gy by four insertions. The
overall treatment time for pelvic RT ranged from 38 to
71 days (median, 50 days).

CRT with cisplatin was performed only when patients
were considered able to tolerate the drug (acceptable
function of the renal, hematologic, and gastrointestinal
systems). Cisplatin was administered intravenously at
30 mg/m? once per week for four (n=3), five (n=5), or
six weeks (n=5).

Estimation of TRR 4

MR imaging was performed with a 1.5-Tesla system.
Pre-RT MR images were defined as images obtained
from 34 days before to 3 days after the start of RT
(median, 14 days before RT), and mid-RT MR images
were defined as images obtained from 25 to 57 days
(median, 38 days) after the start of RT. Mid-RT MR
images were obtained before starting intracavitary RT
(n=12), during intracavitary RT (n=39), and immediately
after the cessation of RT (n=7). Tumors identified as
high-intensity lesions on T2-weighted MR images were
measured three-dimensionally, by lateral width (W),
dorsoventral thickness (T), and craniocaudal length (L).
Tumor volume (V) was estimated according to the
following equation on the assumption that the tumor
mass was ellipsoid:

V=(WxTxL)®/6 [Eq. 1]
Calculated pre-RT volume and mid-RT tumor volumes
were plotted on a semilogarithmic graph, with the start
of RT setas day 0. A tumor that responded completely or
was recognizable only as a trace (complete response) was
regarded as 0.1 cm?® in volume, and a tumor visible as a
small high-intensity “scar” that was difficult to measure
(near complete response) was regarded as 0.2 cm®. TRR
was defined as the slope of the tumor regression curve
shown by the exponential regression equation as follows:

Y =AX108xX [Eq. 2]

where Y is the post-RT volume X number of days
after the start of RT, A is the pre-RT volume, and B
(day) is TRR.
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Table 1. Age of patients, disease stage, pre-RT tumor volume, and TRR according to treatment group

CRT group RT-alone group P value
(n=13) (n=45)
Age range (median) in years 34-65 (44) 34-95 (72) <0.001
FIGO stage 0.089*
IB1 0 2
B2 0 3
I1B 1 9
A 2 3
1IIB 9 23
IVA 1 5
Pre-RT volume range (median) in cm? 4.9-159.1 (46.2) 2.0-301.6 (35.2) 0.830
TRR range (median) 10 in day™
All umors 1.0-8.1 (3.2) 0.4-9.0 (2.5) 0.361
Tumors > 33.5 cm® (n=7, 24): (CRT, RT-alone) 1.4-8.1 (3.5) 0.6-5.6 (2.0) 0.094
Tumors > 65.4 cm® (n=5, 12): (CRT, RT-alone) 1.5-8.1 (3.7) 0.6-5.6 (1.7) 0.065

*For stage IB1-1IB vs. stages [I[-IV

Fig. 1. Tumor regression curves of
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cervical squamous cell carcinomas
according to type of treatment:
chemoradiotherapy (CRT) or
radiotherapy (RT) alone.

Statistical analysis 4

Differences in patient age, clinical stage, pre-RT tumor
volume, and TRR between the CRT group and the RT-
alone group were analyzed. Statistical difference was
tested by the Mann-Whitney U-test. In addition, the chi-
square test or Fisher’s exact test was used in the
contingency table analysis of difference in the frequency
of cases. StatView 5.0 (SAS Institute Inc., Cary, NC)
was used for all statistical analyses. P values of less than
0.05 were considered statistically significant.

RusuLts

Patient age was significantly greater in the RT-alone
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group (range, 34-95 years; median, 72 years) than in the
CRT group (range, 34-65 years; median, 44 years)
(p<0.001), as shown the Table 1. There were more cases
of stage III-IV disease in the CRT group (92.3%, n=12)
than in the RT-alone group (68.9%, n=31), but the
difference was not significant (p=0.089). Pre-RT tumor
volume ranged from 4.9 cm® to 159.1 cm® (median, 46.2
cm®) in the CRT group and from 2.0 cm® to 301.6 cm?
(median, 35.2 cm®) in the RT-alone group (p=0.830).
Tumor regression curves for patients in each treatment
group are shown in Fig. 1. The period between the pre-
RT MR imaging and the start of RT did not differ
between the CRT group (range, 5-25 days; median, 14
days) and the RT-alone group (range, —3-34 days;
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Fig. 2. Box plots of the tumor regression
rate (TRR) of cervical squameous cell

carcinomas according to type of

treatinent: chemoradiotherapy (CRT) or
radiotherapy (RT) alone. The box

indicates the 25th fo 75th percentile with
the median value, and bars indicate 10th
and 90th percentiles.

Fig. 3. Box plots of the tumor regression
rate (TRR) of cervical squamous cell
carcinomas greater than 65.4 cm® in

volume (5.0 cm in diameter), according

to type of treatment: chemoradiotherapy

(CRT) or radiotherapy (RT) alone. The
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box indicates the 25th to 75th percentile
with the median value, and bars indicate
10th and 90th percentiles.

median, 15 days) (p=0.508). Mid-RT MR images were
obtained earlier after the start of RT in the CRT group
(range, 27-52 days; median, 37 days) than in the RT-
alone group (range, 24-57 days; median, 41 days), but
the difference did not reach a significant level (p=0.053).
Complete response or near complete response was
observed in four tumors (30.8%) in the CRT group and
in 12 tumors (26.7%) in the RT-alone group. TRR did
not correlate with the pre-RT volume in the entire study
group (r=-0.101, p=0.450), the CRT group (r=0.149,
p=0.627), or the RT-alone group (r=—0.206, p=0.176).
TRR ranged widely in both treatment groups (Table
1). TRR did not differ between the CRT group (range,
0.010-0.081 day™'; median, 0.032 day™) and the RT-
alone group (range, 0.004-0.090 day™'; median, 0.025
day™) (p=0.361, Fig. 2). TRR was greater than 0.05
day™! in four tumors of the CRT group (30.8%) and six
tumors of the RT-alone group (15.0%) (p=0.207).
Conversely, TRR was less than 0.01 day™ in no tumor
of the CRT group (0.0%) and five tumors of the RT-
alone group (11.1%) (p=0.180). The tumors were divided
into two groups according to the pre-RT volume, with a
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voluntary cut-off point 0f 33.5 ¢cm® (4.0 cm in diameter)
or of 65.4 cm® (5.0 cm in diameter). For tumors
measuring 33.5 cm® or more, the median of TRR was
0.035 day™ for the CRT group (n=7; range, 0.014-0.081
day™) and 0.020 day™ for the RT-alone group (n=24;
range, 0.006-0.056 day™) (p=0.094). The difference in
TRR became conspicuous for tumors measuring 65.4
cm’® or more; TRR tended to be greater in the CRT group
(n=5; range, 0.015-0.081 day'; median, 0.037 day™")
than in the RT-alone group (n=12; range, 0.006-0.056
day™; median, 0.017 day™) (p=0.065, Fig. 3).

Discussion

Patterns of tumor regression during the course of RT
are not well studied. We determined TRR on the
assumption that cervical tumors regress exponentially
through the course of RT. Gong et al. determined TRR
by using serial MR imaging for 11 cervical cancers (10
squamous cell carcinomas and one adenocarcinoma)
during external RT.? They measured tumor size weekly
and five times per tumor on average, and found that

RADIATION MEDICINE




the shrinkage of all tumors fitted well to a simple
exponential equation and that TRR of their tumors
ranged widely, like that of our tumors. Although their
findings are preliminary due to the small number of
cases, patterns of tumor shrinkage during external RT
are highly likely to be exponential. Further study is
necessary to confirm patterns of tumor shrinkage,
particularly in relation to the application of intracavitary
RT, whose impact on tumors could differ from that of
external RT.

If patterns of tumor shrinkage are anticipated with an
equation, TRR is considered an index superior to the
response rate usually used. Response rate is normally
defined as the ratio of the decreased volume to the
pretreatment volume, i.e., the extent of shrinkage, and
the time of assessment is not defined. Therefore, tumor
response differs according to the time of assessment:
early assessment yields a low rate, and late assessment
yields a high rate. In contrast, TRR is independent of
the time of assessment and specific to individual tumors
because TRR is a function of time. Therefore, TRR is
useful in early estimation and comparison of radio-
responsiveness of individual tumors.

An increase in TRR implies not only the sensitization
of tumors to the effect of RT but also an increase in the
minimum target dose delivered by intracavitary RT.*
With its specific steep dose fall-off, intracavitary RT
delivers high target doses effectively while suppressing
delivery to the surrounding normal tissues. This specific
dose distribution, however, reduces the dose at the
periphery of the target volume. This dose corresponds
to the minimum target dose; the larger the target volume,
the smaller the minimum target dose per insertion. Target
underdosing is critical in achieving local disease control.
Therefore, to achieve effective treatment, it is important
to let a tumor shrink substantially before performing
intracavitary RT.

Our results did not show that tumors responded
significantly more rapidly with CRT than with RT alone,
although TRR could be underestimated in cases that had
achieved complete response. Kim ef al., however,
showed more rapid response with CRT than with RT
alone, although they estimated tumor regression by
means of a response rate determined on computed
tomograms.® From the standpoint of effective intracavi-
tary RT, it is of particular importance that tumors shrink
more rapidly with CRT than with RT alone before
performing intracavitary RT. The difference in TRR
between the treatment groups was not statistically
significant, most likely due to the small sample size. A
well-designed prospective study will be necessary to
validate the significant level of difference.

The difference in TRR for tumors greater than 65.4
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cm® was greater with CRT than with RT alone,
approaching a statistically significant level. CRT could
be particularly beneficial for such large tumors; it may
not be as beneficial for small tumors. Small tumors can
receive high target doses of intracavitary RT even if they
have not regressed much in advance. In fact, traditional
RT treatment has provided substantial local disease
control in stage IB1-IIA disease without concurrent
chemotherapy. The effect of intracavitary RT is
considered strong enough for small tumors to overcome
a wide variation in TRR.

Further study is needed to confirm whether high TRR
is associated with improved local disease control and
survival. The next steps in increasing local disease
control by CRT will be to differentiate patients who
benefit from CRT from those who are treatable by RT
alone® and to intensify the chemotherapy regimen’
conversely when TRR is not sufficiently increased by
single-agent chemotherapy. In conclusion, on the
assumption that tumors regressed exponentially during
the course of RT, cervical squamous cell carcinomas
greater than 65.4 cm’ appeared to regress more rapidly
with CRT than with RT alone.
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Purpose: To investigate whether early-assessed radioresponse of tumors corresponds with late-assessed radio-
response, which is associated with local disease control in radiotherapy (RT) for cervical cancer.

Methods and Materials: This prospective study included 12 patients with cervical squamous cell carcinoma
treated by RT with or without concurrent cisplatin. Tumor volume was estiinated by scheduled magnetic
resonance imaging before (preRT), 3 to 4 weeks after (early assessment), and 6 to 7 weeks after (late assessment)
RT initiation. Radioresponse was assessed with tumor shrinkage curves based on these volumes. Radioresponse
for each tumor was calculated as the slope (day~ ') of the shrinkage curve by fitting to an exponential equation.
Results: Early-assessed radioresponse ranged from 0.001 to 0.106 day~* (median, 0.021 day™~") and late-assessed
radiorespense from 0.009 to 0.091 day™' (median, 0.021 day™"), with no significant difference between them (p =
0.1191). The early-assessed radioresponse correlated with the late-assessed radioresponse (R* = 0.714, p = 0.0005).
Conclusions: Correspondence between early- and late-assessed radioresponse in a series of tumors showing a

wide range of radioresponse was not particularly close overall. However, early assessment of radioresponsiveness did

seem to be useful for characterizing those tumors with high or low radioresponsiveness.

© 2006 Elsevier Inc.

Radiosensitivity, Intracavitary radiotherapy, Minimum target dose, Chemoradiotherapy.

INTRODUCTION

In radiotherapy (RT) for uterine cervical cancer, significant
predictors of local disease control include not only clinical
stage but also pretreatment tumor size and tumor radiore-
sponse (1-5). Of the latter two, radioresponse is of greater
practical importance because whereas pretreatment tumor
size is deterministic, radioresponse is subject to modifica-
tion, for example by concurrent chemotherapy. The degree
of tumor shrinkage is commonly used as an index of radio-
response (6, 7)—for example, complete response (disappear-
ance, 100% decrease in volume), partial response (=65%
decrease), and stable disease (<<65% decrease). A complete
response at the end of RT, which is assessed by subjective
pelvic examination, is usually associated with local disease
control (3-5). It would therefore be valuable to be able to
predict early in the course of RT whether a tumor is to achieve
a complete response; if not, intensification of treatment or the
use of additional treatment could be considered earlier than
otherwise possible. However, because the degree of tumor

shrinkage is categorical and independent of time, it is not
suitable as an index for the early estimation of radiore-
sponse. In contrast, the speed of tumor shrinkage, another
expression of radioresponse, is continuous and a function of
time and pretreatment tumor size and should therefore serve
as a useful index for prediction of posttreatment size.

Here, we prospectively investigated whether the speed of
tumor shrinkage as assessed in the early phase of RT cor-
responds with that assessed in the late phase of RT, under
conditions of standard clinical practice for concurrent che-
moradiotherapy as proposed by the U.S. National Cancer
Institute (8).

METHODS AND MATERIALS

Patients

The study group consisted of 12 patients with cervical squamous
cell carcinoma selected from 19 consecutive cervical squamous
cell carcinoma patients treated primarily by RT with or without
concurent cisplatin chemotherapy between December 2003 and
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December 2004. Following normal clinical practice, patients were
scheduled to undergo magnetic resonance imaging (MRI) of the
pelvis in three phases of RT, namely before and at 3 to 4 weeks
(early phase) and 6 to 7 weeks (late phase) after the start of RT.
The accuracy and clarity of MRI in demonstrating cervical tumors
has been confirmed (9, 10). Seven patients were excluded from the
study because not all MR images were available or because the
images did not clearly identify the tumor. Clinical disease stages
according to the International Federation of Gynecology and Ob-
stetrics staging system were IB1 (n = 1), IIB (n = 1), and II[IB
(n = 10). Patients ranged in age from 37 to 81 years (median, 51
years).

Treatment

Radiotherapy consisted of external and intracavitary RT. Exter-
nal RT was performed with a 10-MV X-ray in 1.8-Gy fractions at
5 fractions per week. Clinical target volume was the pelvis (n = 5)
or the pelvis plus para-aortic nodes (n = 7), with para-aortic nodes
treated prophylactically. A conformal box-field technique was
used for all but 1 patient, in whom anterior—posterior opposing
portals were used. A central block was placed in the pelvic RT
field for the start of intracavitary RT after a total dose of 45.0 Gy
(stage IIIB) or 36.0 Gy (stages IB1 and IIB) was reached. Total
dose to the pelvis ranged from 50.4 to 66.6 Gy (median, 54.0 Gy),
including boost doses to parametrial induration or lymphadenop-
athy, and total dose to the para-aortic nodes was 45.0 Gy. Intra-
cavitary RT was performed with a high-dose-rate remote after-
loading system. The prescribed dosage to reference point A was
6.0 Gy per insertion at three (n = 10) or four (n = 2) weekly
insertions per patient. One patient underwent an interstitial implant
after three intracavitary insertions. Thus, overall RT treatment
duration ranged from 42 to 63 days (n = 11; median, 50 days) and
was 70 days for the patient treated by interstitial implant.

Ten patients were treated by concurrent chemotherapy with
cisplatin, and 2 (both aged 81 years) were treated by RT alone.
Cisplatin was given by single weekly i.v. administration at 35 mg/m?
(n = 3), 30 mg/m® (n = 6), or 20 mg/m? (n = 1, aged 72 years) for
3-6 weeks, starting from the first (n = 5), second (n = 4), or third
week (n = 1) of RT. Delayed chemotherapy (n = 5) was due to
renal dysfunction caused by hydronephrosis, which was managed
by nephrostomy.

Tumor measurement with MR images

Magnetic resonance imaging was performed with 1.5-T units.
The preRT images were obtained from 1 to 26 days (median, 11
days) before RT, with early-phase images obtained from 18 to 34
days (median, 24 days) and late-phase images obtained from 36 to
59 days (median, 46 days) after the start of RT, the latter being
before (n = 1) or during (z = 11) the intracavitary RT course.
Tumors identified as high-intensity lesions on T2-weighted im-
ages were measured three-dimensionally by width, thickness,
and length for each tumor, and tumor volume was calculated on
the assumption that the tumor mass was ellipsoid. The volume of
tumors that disappeared or were recognized as only a remnant was
regarded as 0.01 cm®, whereas that of those remaining as a small,
high-intensity “scar” that was difficult to measure was regarded as
0.05 cm®.

Radioresponse assessment
Estimated tumor volumes were plotted on a semilogarithmic
graph, with the start of RT set as Day 0. The early-phase shrinkage
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curve was calculated from the preRT and early-phase volumes, the
late-phase shrinkage curve from the early-phase and late-phase
volumes, and the through-phase shrinkage curve from the preRT
and late-phase volumes. The slope of the curve (day™!) (i.e., the
speed of shrinkage per day) was determined by fitting an expo-
nential regression equation to the respective curve. Radioresponse
was defined as the speed of shrinkage, with radioresponsive tumors
thus characterized by steep slopes. With the equation of the through-
phase shrinkage curve, the tumor volume at the end of RT (postRT
volume) was duly calculated for each tumor and categorized
according to the degree of shrinkage. For this, either shrinkage
to =0.05 cm® or to <1% of the preRT volume was regarded as
complete response, whereas shrinkage to <35% of the preRT
volume and shrinkage confined to =35% of the preRT volume
were defined as partial response and stable disease, respectively.

Statistical analysis

The early-assessed radioresponse was compared with the late-
assessed and with the through-assessed radioresponse. Differences
in response between phases were analyzed by the Wilcoxon signed
rank test. Correlation between the early-assessed and through-
assessed radioresponses was analyzed by regression analysis.
Radioresponse was compared between the speed of shrinkage
(through-assessed radioresponse) and the degree of shrinkage.
StatView 5.0 (SAS Institute, Cary, NC) was used for all analyses.
P values of <0.05 were considered statistically significant.

RESULTS

The preRT volume ranged from 2.3 to 301.6 cm® (me-
dian, 95.5 cm?). Complete response was observed in the carly
phase in one tumor and in the late phase in two (Fig. 1).
Radioresponse ranged from 0.001 to 0.106 day ™' (median,
0.021 day ") in the early phase, from 0.013 to 0.121 day
(median, 0.025 day ) in the late phase, and from 0.009 to
0.091 day ' (median, 0.021 day ') in the through phase.
Radioresponse did not differ significantly between the early
and late phases or between the early and through phases
(p = 0.1361 for both). When the tumor that achieved a
complete response in the early phase was excluded, how-
ever, the difference in response between the early and late
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Fig. 1. Tumor shrinkage curves composed of three-phase volumes
of preradiotherapy, early phase (3 to 4 weeks), and late phase (6 to
7 weeks) (n = 12). :
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Fig. 2. Correlation between early-assessed and late-assessed radio-
response (n = 12, p = 0.0005).

phases approached significance, with radioresponse greater
in the late (range, 0.013-0.121 day !; median, 0.022
day™") than in the early phase (range, 0.001-0.054 day *;
median, 0.021 day %) (n = 11, p = 0.0505).

The early-assessed radioresponse correlated with the late-
assessed radioresponse (Fig. 2; R? = 0.714, p = 0.0005).
This correlation remained significant even when the tumor
that achieved a near-complete response was excluded (n = 11,
R? = 0496, p = 0.0155).

The postRT volume ranged from 0.01 to 21.95 cm?®
(median, 0.41 cm®) and was <0.05 cm® in three tumors. The
postRT volume as a percentage ranged from 0 to 17.8%
(median, 4.5%) of the preRT volume. Response category
was complete response for five tumors and partial response
for the remaining seven (Fig. 3). None was categorized as
stable disease.

DISCUSSION

Characterization of radioresponse is particularly impor-
tant for large tumors, from the standpoint of not only
radiosensitivity but also dose delivery by intracavitary RT,
which is characterized by steep dose fall-off within the
tumor. Given that radioresponse normally implies generic
radiosensitivity of tumor cells, tumors with low radiore-
sponsiveness require larger doses for local disease control
than those with high radioresponsiveness. Nevertheless,
large tumors with low radioresponsiveness receive smaller
target doses at the tumor periphery (minimum target doses)
by intracavitary RT than large tumors with high radiore-
sponsiveness, because the latter undergo significant shrink-
age subsequent to the preceding external RT (11). Com-
pared with large tumors, small tumors receive substantially
higher minimum target doses irrespective of tumor shrink-
age induced by external RT, and these high doses are
considered to effectively overcome any radioresistance.

Tumors were categorized by the degree of shrinkage into
either complete response or partial response only. Whereas
complete response is characterized by shrinkage within a
very narrow range (99-100% decrease), partial response is

characterized by a wide range of shrinkage (65%-99%
decrease) and is therefore not suitable for differentiating
tumors at the respective ends of this range. In contrast, the
speed of shrinkage is shown as a variable specific to the
individual tumor and is therefore useful for differentiating
partial response tumors by calculation, if the shrinkage is
fitted well by a regression equation.

Our results showed that the early-assessed radioresponse
corresponded with the late-assessed radioresponse, although
not particularly closely. In contrast, Gong et al. (12), who
used frequent, rigidly scheduled MRI (four to eight times
per patient) and sophisticated tumor measurement methods,
reported that the radioresponse of cervical tumors is expo-
nential. Several possible reasons for this apparent discrep-
ancy can be suggested.

First, Gong et al. investigated radioresponse during sim-
ple treatment with external RT alone, whereas our study
involved complex treatment. Second, most of our tumors
were treated by concurrent chemotherapy that was never-
theless not always simultaneous with the start of RT and by
intracavitary RT that was performed in the late phase. The
impact of our treatment might therefore have differed be-
tween phases, or even by week. In fact, we previously
showed that the use of concurrent chemoradiotherapy tends
to increase radioresponse over that achieved with RT alone
(13). Further, radioresponse might have been underesti-
mated in our three tumors that achieved a complete response
because the response might have occurred before the time of
observation. On these bases, we suggest that the lack of a
clear exponential radioresponse in the present study was
likely due to the complex treatment given, in addition to
differences in the accuracy and frequency of tumor mea-
surement,

Although exact correspondence was not obtained, our
response assessment, conducted under conditions of stan-
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Fig. 3. Comparison of calculated radioresponse at the end of
radiotherapy (RT) between the speed of shrinkage (curves) and the
degree of shrinkage (response category). The postRT volume was
calculated with the regression equation for each tumor at the end
of RT for each individual (42-63 days from the start of RT).
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dard clinical practice, is considered effective in the differ-
entiation of highly (e.g., >0.05 day ") and poorly radiore-
sponsive (e.g., <0.02 day ") tumors, which here represented
the upper and lower quartiles of tumors by response, from
those moderately radioresponsive, which made up the middle
half of tumors. This is because the wide radioresponse seen
facilitates the recognition of tumors at the respective ends of
radioresponsiveness. Moreover, this finding is consistent
between our results and those of Gong et al.: radioresponse
range from 0.001 to 0.106 day ' (early phase, 106-fold
variation) and from 0.009 to 0.091 day ' (through phase,
10-fold variation) in the present study and from 0.007 to 0.182
day ! (26-fold variation, by planimetry) in Gong et al. (12).
The U.S. National Cancer Institute has recommended the
concurrent use of RT and chemotherapy with cisplatin or
cisplatin plus fluorouracil (as radiosensitizers) in place of
the conventional use of RT alone to improve survival in
patients with locally advanced cervical cancer (8), and the
efficacy of this treatment has been confirmed by systematic
review and meta-analysis (14). However, this recommenda-

Volume 64, Number 4, 2006

tion is based on the assumption that the radioresponse of
tumors is unknown. Early knowledge of the radioresponsive-
ness of tumors during treatment would allow the individual-
ization of treatment. Given that a substantial proportion of
patients have been cured by conventional RT treatment
alone, those with highly radioresponsive tumors, so-called
radiosensitive tumors, might not necessarily require concur-
rent chemotherapy. Conversely, patients with poorly radio-
responsive tumors, so-called radioresistant tumors, might
benefit from the intensification of treatment, such as the
planned use of interstitial implants and the incorporation of
a potent new radiosensitizer (gemcitabine) into concurrent
chemotherapy (15).

In conclusion, the early-assessed radioresponse of uterine
cervical squamous cell carcinoma corresponded with the
late-assessed radioresponse, albeit not particularly strongly.
Although it would be premature to incorporate these find-
ings directly into local disease control, early determination
might nevertheless be useful for identifying tumors at either
extremity of the wide radioresponse range seen here.
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Abstract We previously reported the overexpression of
cyclins in uterine cervical carcinoma; however, their clin-
icopathological significance remained undetermined. In the
present study, we examined the immunohistochemical ex-
pression of cyclins (D1, E, A, B1), p53 and Ki-67 in squa-
mous cell carcinoma (stage Ib+1L; 80 cases, stage IIIHIV;
23 cases). Correlations between the expression of cyclins
and clinicopathological parameters and patient survival
were statistically evaluated. The results indicated that in
the normal squamous epithelium, the expression of cyclins
and Ki-67 was sporadically observed in the parabasal
layer. Of the 103 cervical carcinomas, overexpression of
cyclins D1, E, A, Bl and p53 was observed in 13 (13%),
23 (22%), 25 (24%), 18 (18%) and 23 (22%) cases, re-
spectively, with a slight predominance in advanced stage
tumors. The expression of cyclin D1, E, A and p53 sig-
nificantly correlated with that of Ki-67 (Spearman’s rank
correlation). Univariate and multivariate analyses revealed
that lymph node metastasis and cyclin A overexpression
were independent prognostic factors for unfavorable out-
comes in stage Ib+1I patients. These findings suggest that
the overexpression of various cyclins is involved in the
acquisition of the vigorous growth potential of cervical
carcinoma cells, and that cyclin A is an independent prog-
nosticator of cervical carcinoma in early stages.
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Introduction

Uterine cervical cancer is the second most common ma-
lignancy among women worldwide. Although the prev-
alence of effective screening systems has reduced the
number of cervical carcinoma patients in developed coun-
tries, more than 4000 deaths were still reported in the
United States in 2002 [23]. It is well known that human
papillomavirus (HPV) is the main etiologic factor of cer-
vical carcinoma, and that more than 95% of cervical car-
cinomas have high-risk HPV types [4]. Two major viral
proteins, E6 and E7, are known to bind p53 and retino-
blastoma gene products (pRB), abrogating their functions
as tumor suppressors, leading to an abnormal cell cycle
machinery [5]. Although the loss of the cell “brake” system
can be attributed to viral proteins, molecular mechanisms
which actually promote cell proliferation are not fully
elucidated.

Recent studies have revealed that cell growth is ex-
quisitely controlled by interactions of cell cycle-related
molecules such as cyclins, cyclin-dependent kinases (cdks)
and tumor suppressor gene products [31, 32]. Cyclins D1,
E, A and B1 are expressed in a cell cycle-specific manner,
and they form complexes with their respective cdks. These
complexes phosphorylate substrates such as pRB, leading
to cell growth. On the other hand, tumor suppressor gene
products, such as p53 and cdk inhibitors {cdkls), suppress
cell growth by counteracting cyclin/cdk functions [32]. In
various malignancies, abnormalities of these cell cycle-re-
lated molecules, i.e. overexpression of cyclins/cdks and
loss of tumor suppressor functions, have been reported
[12]. Some of these abnormalities were shown to have
prognostic value [12].

In cervical carcinoma, possible prognostic factors re-
ported to date are overexpression of growth factors and
receptors {113, angiogenetic factors [10], and type of HPV
[7], in addition to clinicopathological parameters such as
age, clinical stage, lymph node and parametrial involve-
ment, and lymph vascular permeation [41]. We previously
reported the overexpression of various classes of cell cycle-



related molecules associated with loss of steroid receptor
expression in cervical intraepithelial neoplasias and in-
vasive carcinomas [22]. However, the correlation of these
factors with clinicopathological parameters and with pa-
tient survival remained undetermined. Therefore, we ex-
amined the immunohistochemical expression of cyclins
(DL, E, A, B1), p53 and the proliferation marker Ki-67 in
cervical squamous cell carcinoma to evaluate the relation-
ship between the expression of cell cycle regulators and
clinicopathological indicators. In addition, the prognostic
significance of the expression of these cell cycle regulators
was also analyzed.

Materials and methods
Histological materials

One hundred and three squamous cell carcinoma tissues of
the uterine cervix were obtained from women (28-90 years
of age) who underwent hysterectomy or biopsy at Shinshu
University Hospital during 1990-1997. Each specimen
was immediately fixed in 10% phosphate-buffered forma-
lin for 24 h and embedded in paraffin. Each tissue sample
was used with the approval of the Ethics Committee of
Shinshu University, after obtaining written consent from
the patients. Serial sections 3 pm thick were prepared for
hematoxylin and eosin (H.E.) staining and immunostain-
ing. The histological diagnosis was performed using an H.
E.-stained slide. Of the 103 cervical carcinomas, 56 were
stage Ib, eight were stage Ila, 16 were I1b, 18 were stage 111
and five were stage IV, according to the classification of
the International Federation of Gynecology and Obstetrics
(FIGO).

With regard to the treatment modality, 80 patients with
stage Ib and II carcinoma primarily underwent radical hys-
terectomy with pelvic lymphadenectomy. Patients with
high-risk factors such as parametrial invasion and lymph
node metastasis received adjuvant postoperative treatment
withwhole pelvic irradiation of 40-50 Gy (13 cases), cis-
platin-based chemotherapy (11 cases), or both (22 cases).
Clinicopathological factors including tumor size, lymph
vascular permeation, parametrial involvement, and lymph
node metastasis were evaluated in resected tissue speci-
mens. The tumor size was determined from the longest axis
of the tumor. The remaining 23 patients with stage III and
IV tumors underwent whole pelvic irradiation (40-50 Gy)
and intracavital brachytherapy.

Immunohistochemistry
Staining procedures

Immunostaining was performed using specific antibodies
against cyclin D1 (DCS-6; Progen, Heidelberg, Germany).
Antibodies against cyclin E (HE1), cyclin A (BF683), and
cyclin B1 (GNS-1) were purchased from Santa Cruz Bio-
technology (Santa Cruz, Calif., USA). Antibodies against

627

p33 (Do-1) and Ki-67 were purchased from Immunotech
(Marseille, France). Indirect immunohistochemical stain-
ing was performed by the avidin-biotin—peroxidase com-
plex method using a Histofine SAB-PO detector kit (Nichirei,
Tokyo, Japan) with microwave prefreatment as described
previously [22].

Interpretation of immunohistochemical staining
and statistical analysis

The specific staining of each antibody was identified in the
nucleus with or without in the cytoplasm. In the present
study, we evaluated only nuclear staining, since most of the
cyclins are known to work in the nucleus [31, 32]. Cyclin
B1 was reportedly expressed in the cytoplasm, and in this
study, the positive staining for cyclin B1 was observed in
both the nucleus and cytoplasm. Although the significance
of subcellular distribution of cyclin B1 has not fully been
elucidated, we have previously reported that the nuclear
staining of cyclin B1 topologically correlated well with Ki-
67 [34], thus suggesting an importance of nuclear staining.
Immunoreactivity was evaluated as the percentage of pos-
itive cells among 500 tumor cells in more than three high
power fields, and described as the positivity index (PI). In
cervical carcinoma, cut-off PI values for the overexpres-
sion of cyclin D1, E, A, B1, p53 and Ki-67 were determined
i reference to the mean PI values of each staining and
previous studies [6, 13, 19, 28, 37], and were 5, 25, 25, 20,
10 and 50, respectively. The significance of the differences
in PI between stages IB+IT and stages III+IV was examined
by Mann—Whitney U-test. A tied P-value of <0.05 was
considered significant. Correlations between the expres-
sion of cyclins and Ki-67, and between cyclins and clin-
icopathological factors were examined using Spearman’s
rank correlation test. A tied P-value of <0.05 was consid-
ered significant. A correlation coefficient (p) greater than
0.4 or less than —0.4 was considered to represent a “strong-
ly” positive or negative correlation. These analyses were
made using the StatView system (Abacus, Berkeley, Calif.,
USA).

Survival analysis

Of the 103 patients examined in the present study, 29 (13 in
the stage Ib+II group, 16 in the stage III+IV group) had
died from the disease and the remaining 74 were alive with
no evidence of disease at the last follow-up. The mean post-
treatment follow-up period was 65.1445.9 months. The
prognostic factors used in the survival analysis were as
follows: tumor size (230 mm versus <30 mm), lymph vas-
cular permeation (positive versus negative), stromal inva-
sion (21/2 versus <1/2), parametrial involvement (positive
versus negative), pelvic lymph node metastasis (positive
versus negative), overexpression of cyclins (DI, E, A, B1),
p53, and Ki-67 (positive versus negative). The prognostic
value of these parameters was evaluated first with a uni-
variate analysis using Cox’s proportional hazard model,
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and then with a multivariate analysis. A P-value of <0.05
was considered significant.

Results
Expression of cyclins and p53

Positive staining for cyclin D1, E, A and B1 in the normal
ectocervical epithelia was sporadically observed in para-
basal cells (Fig. 1), with a PI of less than 5 for cyclin D1, E
and A, and 10 for cyclin B1. The expression of p53 in the
normal ectocervical epithelia was negative. In cervical car-
cinoma, the expression of cyclins (Fig. 2) and p53 was
increased compared to that in the normal squamous epi-
thelium. Of the 80 stage Ib+II cervical carcinomas,- the
number of cases with cyclin D1, E, A, Bl, and p53 over-
expression was 10 (13%), 14 (18%), 12 (15%), 8 (10%),
and 17 (21%), respectively. Of the 23 stage III+IV carci-
nomas, the numbers of cases with cyclin D1, E, A, B, and
p53 overexpression were 3 (13%), 9 (39%), 13 (57%), 10
(44%), and 6 (26%), respectively. The Pls of each staining
are summarized in Table 1. The mean PI for cyclin A in
total cases was 16.0. The PI for cyclin A was higher in stage
II+IV (25.1) than stage Tb+IT (13.3) (P=0.0128). The mean
Plofcyclin D1, E, B, and p53 in total cases was 2.0, 12.3,
12.2, and 8.3, respectively. There was no significant dif-
ference in these factors between those with stage Ib+II and
stage ITIHIV tumors. The mean PI of Ki-67 for all cases was

Fig. 1 Immunostaining of cy-
clin D1 (a, b), cyclin E (e, d),
cyclin A (e, f) and cyclin Bl
(g, h) in the normal squamous
epithelium. b, d, f and h show
negative control of the same
sites. Positive cells (arrows) are
sporadically observed in the
parabasal layer. (a, b, e, f; X200,
¢, d, g, h; x175)

46.2, and there was no significant difference between stage
I+11 (46.1) and stage HI+IV (46.9).

Correlation of cyclin expression and Ki-67

Correlations between the immunohistochemical expression
of cyclins and Ki-67 are summarized in Table 2. In stage
Ib+II tumors, the expression of cyclin D1, E, A, and p53
positively correlated with the expression of Ki-67 (P=
0.0379 for cyclin D1, P=0.0053 for cyclin E, P=0.0065
for cyclin A, and P=0.0284 for p53). In stage IITHIV tu-
mors, the expression of cyclin D1, E, A, Bl, and p53
strongly and positively correlated with the Ki-67 expres-
sion. The P-value for cyclin E, A, B1 and p53 was 0.0102,
0.0002, 0.0002 and 0.0423, respectively.

Correlation between the expression of cyclins and
clinicopathological parameters -

Correlations between the expression of cell cycle regula-
tors and clinicopathological factors in stage Ib+II tumors
are summarized in Table 3. Lymph vascular permeation
was correlated positively with the expression of cyclin
D1 and negatively with Ki-67 (P=0.0424 for cyclin DI,
P=0.0140 for Ki-67). Stromal invasion was correlated
negatively with the expression of p53 (P=0.0058). Lymph
node metastasis was correlated negatively with the expres-




Fig. 2 Immunostaining of cyclin D1 (a), cyclin E (b), cyclin A (¢)
and cyclin B1 (d) in squamous cell carcinoma. a— ¢: nuclear-positive
tumor cells are observed with a considerable heterogeneity among

sion of Ki-67 (P=0.0170). Tumor size greater than 30 mm
was negatively correlated with the expression of p53 (P=
0.0044). There were no significant correlations between cell
cycle-related molecules and parametrial involvement.

Prognostic significance of the expression of
cyclins, and clinicopathological factors in
cervical carcinoma patients

Correlations between the expression of cell cycle regula-
tors, Ki-67, clinicopathological parameters and survival in
patients with stage Ib+II cervical carcinoma were analyzed
by univariate and multivariate analyses (Table 4). The
univariate analysis demonstrated that the overall surviv-

Table 1 Result of immunostaining for cyclins and Ki-67

Factor Stage Tb+II  Stage III+IV ~ Total P value
(80 cases) (23 cases)
Cyclin D1 2.04£5.9 1.9+454 2.045.8 0.5951
Cyclin E 9.8+17.7 20.9+27.8 12.3£20.7  0.1395
Cyclin A 13.3+12.5 25.1+19.9 16.045.2 0.0128
Cyclin B1 8.4+18.5 25.2430.9 1224228 0.3264
p53 6.6+12.1 14.3+23.0 8.3+154  0.5903
Ki-67 46.1+19.8 46.9+25.8 46.2+21.0  0.4376

Each figure indicates the mean positivity index (PD)=SD
P-value of less than 0.05 is considered significant
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weak, cytoplasmic-positive cells (a; stage Ib, b; stage lla, c; stage
ITa, x225). d: nuclear-positive cells with weak cytoplasmic staining
are diffusely observed (stage Ib, x250)

al was significantly shorter in patients with lymph node
metastasis (P=0.0261, RR; 3.46) and those with cyclin A
overexpression (P=0.0109, RR; 4.33) (Fig. 3). Of the 58
patients without lymph node metastasis, six (10.3%) died
of the disease during the follow-up, whereas seven (31.8%)
of 22 patients with lymph node metastasis died. Of the
68 patients without cyclin A overexpression, eight (11.8%)
died of the disease, whereas five (41.7%) of 12 patients with
cyclin A overexpression died. Other parameters did not
show significant differences. We then examined whether
there are strong correlations among each clinopatholog-
ical and immunohistochemical parameter or not using a
Spearman’s rank correlation analysis. Since no “strong”
correlations (i.e. p-value of more than 0.4 or less than —0.4)

Table 2 Correlation between the expression of cell cycle regulators
and Ki-67 (Spearman’s rank correlation)

Factors Stage Ib+IL Stage HI+IV Total

P p P p P o
Cyclin D1 0.0379 0.234 0.0526 0.423 0.0069 0269
Cyclin E 0.0053 0313 0.0102 0.548 0.0003 0.356
Cyclin A 0.0065 0306 0.0002 0806 0.0001 0415
Cyclin Bl 0.1609 0.158 0.0002 0.807 0.0010 0.326
p53 0.0284 0247 0.0423 0.432 0.0011 0322

A P-value of <0.05 was considered significant. A p-value
(correlation coefficient) greater than 0.4 or less than —0.4 was
considered to represent a “strongly” positive or negative correlation
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Table 3 Correlation between

. lymph vascular  Stromal Parametrial lymph node  Tumor size
the expression of cell cycle . . . . )
regulators and clinicopathologi- permeation invasion (=1/2) involvement  metastasis (230mm)
cal factors in stage Ib and 11 )
cervical carcinoma (Spearman’s ~ Cyclin D1
rank correlation) P-value 0.0424 0.1763 0.8838 0.9087 0.7460
p-value 0.228 NE NE NE NE
Cyclin E
P-value 0.6147 0.5424 0.9683 0.6699 0.7323
p-value NE NE NE NE NE
Cyclin A
P-value 0.3290 0.1492 0.6999 0.9785 0.1784
p-value NE NE NE NE NE
Cyclin B1
A P-value of less than 0.05 was F-value 0.9451 0.1822 0.4451 0.7708 0.8712
considered significant. A p-value NE NE NE NE NE
p-value (correlation coefficient)  p53
greater than 0.4 or lfessrg;zﬁ;f“‘ P-value 0.0610 0.0058 0.0594 0.0881 0.0044
“strongly” positive or negative p-value NE —0.310 NE NE —0.321
correlation. When the P-value Ki-67
was greater the? 0.05, the - P-value 0.0140 0.2058 0.9688 0.0170 0.0564
respective p value was not ) _ _
examined (NE) p-value 0.276 NE NE 0.269 NE
among the parameters were noted as shown in Table 3, Discussion

we then performed a multivariate analysis using the same
variables as used in the univariate analysis. The results
again indicated that lymph node metastasis (P=0.0174,
RR; 13.36) and cyclin A overexpression (P=0.0355, RR,;
5.29) showed significant correlations. These findings indi-
cated that the lymph node metastasis and cyclin A over-
expression are independent prognostic factors for shorter
survival in patients with surgically treated stage Ib+iI
cervical carcinoma. With regard to survival analysis in 23
patients with stage III+ IV carcinoma, the P-values deter-
mined by the univariate analysis for the overexpression of
cyclin D1, E, A, B1, p53, and Ki-67 were 0.7608, 0.3878,
0.8236, 0.3650, 0.0997, and 0.7571, respectively. These
results indicated that the overexpression of cell cycle-re-
lated molecules did not have prognostic significance in
stage III+IV cervical carcinoma patients.

The present study demonstrated that various cell cycle-
related molecules were overexpressed in squamous cell
carcinomas. Among the cyclins examined, the expression
of cyclin A showed a significant positive correlation with
that of Ki-67. Since cyclin A accelerates the cell cycle
progression by binding to c¢dk2 in late G1 phase and to
cdc2 in the G2-M phases [31, 32], the correlation between
cyclin A and Ki-67 seems reasonable. Although cyclin A
overexpression is reportedly caused by an increase in
transcription [42], the molecular mechanisms involved in
cyclin A transcription are not fully elucidated. One of the
candidates of such an enhancer is p53 protein, because we
previously showed a close topological correlation between
the expression levels of cyclin A and p53 in endometrial

Table 4 Prognostic value of the

. : Cox’s proportional hazard model
clinicopathological parameters,

and expression of cell cycle Factors Univariate Multivariate

regulators and Ki-07 in patients  (No. of cases) Pvalue  RR (95%C 1) Pvalue  RR (95% CI)

with stage Ib and II cervical

cancer LVP: positive (38) 0.2474 1.87 (0.61-5.71) 0.1875 0.28 (0.04-1.85)
StI: 2172 (57) 0.6350 1.37 (0.38-4.97) 0.5416 0.58 (0.10-3.32)
PMI: positive (13) 0.4387 1.67 (0.46-6.07) 0.4875 2.17 (0.24-19.26)
LNM: positive (22) 0.0261 3.46 (1.16-10.35) 0.0174 13.36 (1.56-113.07)

LVP lylnph vascular permeaﬁon, TS: 230mm (38) 0.1104 2.61 (0.80*8.50) 0.3328 3.09 (0,32 *30.26)

Stl stromal invasion, PMI para-  Cyc D1: PI25 (10) 0.1301 2.74 (0.74-8.19) 0.1708 3.77 (0.57-25.11)

g‘;ﬁgﬁlnlggglggi‘;sg\’% Cyc E: PI225 (14) 0.6019 1.41 (0.39-5.15) 0.8234 1.28 (0.14-11.53)

fumor size, Cye cyclin. RR Cyc A: PI225 (12) 0.0109 433 (1.40-1337)  0.0355 5.29 (1.12-25.02)

relative risk, CI confidence Cyc Bl: PI=20 (8) 0.4965 1.69 (0.37-7.67) 0.8854 0.84 (0.08-8.75)

interval p33: PI=10 (17) 0.3465 1.76 (0.54-5.72) 0.7440 1.27 (0.30-5.45)

P<0.05 was regarded as Ki-67: PI250 (35) 0.4193 1.57 (0.53-4.66) 0.6352 1.44 (0.32-6.39)

significant

— 176
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Fig. 3 Kaplan—Meier analysis of patients survival, with respect to
lymph node metastasis (a) and cyclin A overexpression (b). The
patients with positive lymph node metastasis and with cyclin A

carcinoma [33] and leiomyosarcoma [44]. However, no
such spatial correlation between p53 and cyclin A was
observed in the present study. Therefore, other mechanisms
boosting cyclin A expression can be expected in cervical
carcinoma. In this regard, HPV-E7 protein is reported to
increase the expression of a transcription factor, E2F, which
can activate the E2F-dependent promoter of the cyclin A
gene [43].

In the present study, stage [b+II patients with cyclin A
overexpression exhibited a significantly shorter overall
survival than those without cyclin A overexpression by
multivariate analysis, and therefore cyclin A is an inde-
pendent prognostic factor in early stage cervical carcinoma.
In carcinomas of the breast and lung, overexpression of
cyclin A has been reported as a prognostic factor for poor
outcome [27, 40}. We have also reported that cyclin A is
a prognosticator of uterine endometrial carcinoma [33]
and uterine leiomyosarcoma [44]. The present result is in
line with these reports. In contrast, a study by Van de
Putte et al. reported that there was no prognostic signif-
icance of cyclin A overexpression in stage Ib cervical
squamous cell carcinoma [39]. This difference may be due
to the different selection of disease stages and different
cut off values. To our knowledge, this is the first report of
prognostic significance of cyclin A in stage Ib+II cervical
carcinoma. The poor prognosis of patients with cyclin A-
positive carcinoma may be attributed to the higher pro-
liferative activity of the tumor, since the expression of
cyclin A significantly correlated with Ki-67 expression.
However, other cell cycle markers, such as cyclin DI,
cyclin E and p53, did not show prognostic significance,
although they also correlated with Ki-67. It is known that
forced expression of cyclin A confers on non-neoplastic
cells the anchorage-independency, that is an important
hallmark of malignant transformation [16]. A recent study
demonstrated that overexpression of cyclin A can sup-
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overexpression showed significantly poorer outcomes. The P-values
are described in the text

press ultraviolet-induced, p53-mediated apoptosis [18].
Our preliminary experiments have shown that the forced
expression of cyclin A in endometrial carcinoma cell lines
resulted in the induction of cisplatin-resistance (unpub-
lished observation). Accordingly, the tumor cells may ac-
quire the specific biological characteristics via cyclin A
overexpression, which may be related with the poor prog-
nosis. On the other hand, we could not detect prognostic
significance of cyclin A overexpression in stage IIl and IV
tumors. Although the reason for this is unknown, it may
be related to the limited number of cases examined.

In our series of cervical carcinoma, the clinicopatholog-
ical parameters such as lymph node metastasis and lymph
vascular permeation were not statistically correlated with
the expression of cyclin A, but were correlated negatively
with Ki-67. The results suggest that tumors with invasive
or metastatic potentials have less growth activities. Recent
research has indicated that tumor cells during invasion or
metastasis are usually in the quiescent status of cell cycle
[24, 25], such as GO or early G1 phases in which Ki-67 is
negative [14]. Therefore, negative correlations of Ki-67
with lymph node metastasis and lymph vascular perme-
ation may represent that the presence of many quiescent
tumor cells involved in the invasion or metastasis. How-
ever, further researches are needed to clarify the cell cycle
status of cervical carcinoma cells in lymph node metastasis
or vascular space invasion.

Cyclin D1 is expressed in the G1 phase of the cell cycle,
forms a complex with cdk4 and 6 which phosphorylate
pRB, resulting in cell cycle progression [31]. Therefore,
cyclin D1 is regarded as an important G1 phase regulator.
In the carcinoma tissues examined in the present study,
although cyclin D1 expression increased compared to that
in the normal epithelium, the mean PI (2.0) was relatively
low. This result was consistent with a report by Skomedal
et al. [35]. Cyclin DI overexpression is reported in various
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human malignancies. In breast carcinomas, overexpression
of cyclin D1 has been reported to be a prognostic maker
for favorable outcomes [3]. Conversely, in squamous cell
carcinoma of the head and neck [26] and esophagus [38],
overexpression of cyclin D1 has been reported to be a
prognostic factor for poor outcomes. In addition, Bae et al.
reported that the overexpression of cyclin D1 has prognos-
tic significance in squamous cell carcinoma of the uferine
cervix [2]. However, contrary to these reports, no prognos-
tic value was detected in the present study, being similar
with that of a previous report [35]. With regard to the
expression mechanism of cyclin D1, Cattani et al. reported
that the cyclin D1 gene amplification was associated with
HPV infection, as oncoproteins E6 and E7 induce gene
instability in laryngeal squamous cell carcinoma [8]. How-
ever, Southern et al. reported that cyclin D1 was frequently
expressed in low risk HPV-infected low grade intra-ep-
ithelial lesions but not in high risk HPV-infected lesions
[36].

The present study indicated that the p53, one of the
most important transcription factors to control cell cycle
progress and apoptosis, was nearly absent in the normal
squamous epithelium, but was overexpressed in cervical
squamous cell carcinoma. This result was consistent with
the previous report [22]. It has been shown that the p53 is
bound and inactivated by E6 oncoproteins in HPV-positive
squamous cell carcinoma of the uterine cervix [5]. How-
cver, genetic analyses of p53 have demonstrated that p53
mutation is rare in cervical carcinoma [1]. In addition,
Akasofu et al. reported that more than 50% of the tumor
cells showed strong p53 staining in cases with p53 mu-
tation [1]. In the present study, the mean PI of the p53 was
8.3 and the PI of most of p53-positive cases was less than
50. Therefore, though we have not performed the se-
quencing of p53 gene, the expression of p53 in the present
study may represent an accumulation of wild-type p33
protein. Although, the significance of p53 protein accu-
mulation in cervical tissues needs further investigation, a
study reported that disease progression in ectocervical epi-
thelia is associated with an increased incidence of apopto-
sis [21]. In this regard, the immunoreactive p53 could be
involved in p53-mediated apoptosis. The prognostic sig-
nificance of p53 protein accumulation is controversial.
Chen and others claimed that p53 overexpression has prog-
nostic value [9], while other reports stated it did not [20].
In the present study, we could not detect any prognostic
significance of p53 in surgically treated stage Ib+II patients
(P=0.3396) or in stage III+IV patients (P=0.0997), being
consistent with the latter group of studies.

Overexpression of cyclin B1 and cyclin E was also ob-
served in cervical carcinoma in the present study. Over-
expression of cyclin E is an important prognostic factor of
breast carcinoma [30], and cyclin B1 has been reported to
have a prognostic impact in squamous cell carcinoma of
the esophagus [37]. However, we did not find prognostic
implications of cyclin E and B1 in the present study. Al-
though this reason is not understood, a previous study has
reported “unscheduled” expression of cyclin E and Bl in

solid tumors, i.e. these cyclins were overexpressed irre-
spective of cell cycles [15].

Ki-67 staining has been evaluated extensively as a prog-
nostic parameter in squamous cell carcinoma. Ho et al. [17]
reported that those with increased Ki-67 labeling had
shorter survival in stage I cervical carcinoma patients. In
contrast, the increased labeling of Ki-67 was not associated
with poor outcomes in cervical carcinoma patients with
stage 1 [39] and stage III+IV [29] tumors. Although the
exact reason for this discrepancy is unknown, our results
are similar to those in the latter group.

In summary, the present study demonstrated various
cyclins are overexpressed in squamous cell carcinomas,
and considered to be involved in the gaining of the active
growth potential of squamous cell carcinoma. In addition,
cyclin A overexpression, as well as lymph node metastasis,
was an independent prognosticator for unfavorable out-
comes in patients with surgically treated stage Ib and II
cervical cancer. Further studies are needed to clarify the
biological roles of cyclin A overexpression other than
growth stimulation.

Acknowledgements This work was supported in part by a Grant-

‘in-aid for Scientific Research from the Ministry of Education,

Science, Sports and Culture (No. 12671583 and No.14370527),
Japan.

References

1. Akasofu M, Oda Y (1995) Immunochistochemical detection of
p53 in cervical epithelial lesions with or without infection of
human papillomavirus types 16 and 18. Virchows Arch 425:
593-602

2. Bae DS, Cho SB, Kim YJ, Whang JD, Song SY, Park CS, Kim
DS, Lee JH (2001) Aberrant expression of cyclin D1 is as-
sociated with poor prognosis in early stage cervical cancer of
the uterus. Gynecol Oncol 81:341-347

3. Barnes DM (1997) Cyclin D1 in mammary carcinoma. J Pathol
181:267-269

4. Bosch FX, Manos MM, Munoz N, Sherman M, Jansen AM,
Peto J, Schiffman MH, Moreno V, Kurman R, Shah KV (1995)
Prevalence of human papillomavirus in cervical cancer: a
worldwide perspective. International Biological Study on Cer-
vical Cancer (IBSCC) Study Group. J Natl Cancer Inst 87:796—
802

5. Bosch FX, Lorincz A, Munoz N, Meijer CJ, Shah KV (2002)
The causal relation between human papillomavirus and cervical
cancer. J Clin Pathol 55:244-265

6. Brown DC, Cole D, Gatter KC, Mason DY (1988) Carcinoma
of the cervix uteri: an assessment of tumour proliferation using
the monoclonal antibody Ki67. Br J Cancer 57:178-181

7. Burger RA, Monk BJ, Kurosaki T, Anton-Culver H, Vasilev
SA, Berman ML, Wilczynski SP (1996) Human papillomavirus
type 18: association with poor prognosis in early stage cervical
cancer. J Natl Cancer Inst 88:1361-1368

8. Cattani P, Hohaus S, Bellacosa A, Genuardi M, Cavallo S,
Rovella V, Almadori G, Cadoni G, Galli J, Maurizi M, Fadda
G, Neri G (1998) Association between cyclin D1 (CCNDI)
gene amplification and human papillomavirus infection in human
laryngeal squamous cell carcinoma. Clin Cancer Res 4:2585~
2589

9. Chen HY, Hsu CT, Lin WC, Tsai HD, Chang WC (2000)
Prognostic value of p53 expression in stage IB1 cervical
carcinoma. Gynecol Obstet Invest 49:266-271




10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.
- proliferation and apoptosis increase with lesion grade in cer-

22.

23.

24,

25.

26.

27.

Cheng WF, Chen CA, Lee CN, Wei LH, Hsich FJ, Hsieh CY
(2000) Vascular endothelial growth factor and prognosis of
cervical carcinoma. Obstet Gynecol 6:721-726

Cho NH, Kim YB, Park TK, Kim GE, Park K, Song KJ (2003)
P63 and EGFR as prognostic predictors in stage IIB radiation-
treated cervical squamous cell carcinoma. Gynecol Oncol
91:346-353

Dictor M, Ehinger M, Mertens F, Akervall J, Wennerberg J
(1999) Abnormal cell cycle regulation in malignancy. Am J
Clin Pathol 112:S40-S52

Dong Y, Sui L, Tai Y, Sugimoto K, Hirao T, Tokuda M (2000)
Prognostic significance of cyclin E overexpression in laryngeal
squamous cell carcinomas. Clin Cancer Res 6:4253-4258
Gerdes J, Lemke H, Baisch H, Wacker HH, Schwab U, Stein H
(1984) Cell cycle analysis of a cell proliferation-associated
human nuclear antigen defined by the monoclonal antibody
Ki67. J Immunol 133:1710-1715

Gong J, Ardelt B, Traganos F, Darzynkiewicz Z (1994)
Unscheduled expression of cyclin Bl and cyclin E in several
leukemic and solid tumor cell lines. Cancer Res 54:4285-4288

. Guadagno TM, Ohtsubo M, Roberts JM, Assoian RK (1993) A

link between cyclin A expression and adhesion-dependent cell
cycle progression. Science 262:1572-1575

Ho DM, Hsu CY, Chiang H (2000) MIB-1 labeling index as a
prognostic indicator for survival in patients with FIGO stage
IB squamous cell carcinoma of the cervix. Gynecol Oncol 76:
97-102

Hsieh JK, Yap D, O’Connor DJ, Fogal V, Fallis L, Chan F,
Zhong S, Lu X (2002) Novel function of the cyclin A binding
site of E2F in regulating p53-induced apoptosis in response to
DNA damage. Mol Cell Biol 22:78-93

Hui AM, Li X, Shi YZ, Takayama T, Torzilli G, Makuuchi M
(2000) Cyclin D1 overexpression is a critical event in gall-
bladder carcinogenesis and independently predicts decreased
survival for patients with gallbladder carcinoma. Clin Cancer
Res 6:4272-4277

Hunt CR, Hale RJ, Buckley CH, Hunt J (1996) p53 expression
in carcinoma of the cervix. J Clin Pathol 49:971-974

Isacson C, Kessis TD, Hedrick L, Cho KR (1996) Both cell

vical neoplasia but do not correlate with human papillomavirus
type. Cancer Res 56:669-674

Kanai M, Shiozawa T, Xin L, Nikaido T, Fujii S (1998)
Immunohistochemical detection of sex steroid receptors, cy-
clins, and cyclin-dependent kinases in the normal and neo-
plastic squamous epithelia of the uterine cervix. Cancer 82:
1709-1719

Krivak TC, McBroom JW, Elkas JC (2002) Cervical and
vaginal cancer. In: Berek JS (ed) Novak’s gynecology, 13th
edn. Lippincott Williams & Wilkins, Philadelphia, pp 1199—
1211

Krtolica A, Ludlow JW (1996) Hypoxia arrests ovarian car-
cinoma cell cycle progression, but invasion is unaffected. Can-
cer Res 56:1168-1173

Krtolica A, Krucher NA, Ludlow JW (1999) Molecular anal-
ysis of selected cell cycle regulatory proteins during aerobic
and hypoxic maintenance of human ovarian carcinoma cells. Br
J Cancer 80:1875-1883

Michalides R, van Veelen N, Hart A, Loftus B, Wientjens E,
Balm A (1995) Overexpression of cyclin D1 correlates with
recurrence in a group of forty-seven operable squamous cell
carcinomas of the head and neck. Cancer Res 55:975-978
Michalides R, van Tinteren H, Balkenende A, Vermorken JB,
Benraadt J, Huldij J, van Diest P (2002) Cyclin A is a prog-
nostic indicator in early stage breast cancer with and without
tamoxifen treatment. Br J Cancer 86:402-408

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

633

Nozoe T, Korenaga D, Futatsugi M, Saeki H, Ohga T, Sugimachi K
(2002) Cyclin A expression in superficial squamous cell carci-
noma of the esophagus and coexisting infiltrated lymphocyte
follicle. Cancer Lett 188:221-229

Oka K, Arai T (1996) MIB1 growth fraction is not related to
prognosis in cervical squamous cell carcinoma treated with
radiotherapy. Int J Gynecol Pathol 15:23-27

Porter PL, Malone KE, Heagerty PJ, Alexander GM, Gatti LA,
Firpo EJ, Daling JR, Roberts JM (1997) Expression of cell-
cycle regulators p27Kipl and cyclin E, alone and in com-
bination, correlate with survival in young breast cancer patients.
Nat Med 3:222-225

Sherr CJ (1993) Mammalian G1 cyclins. Cell 73:1059-1065
Sherr CJ (1994) Gl phase progression: cyclin on cue. Cell
79:551-555

Shih HC, Shiozawa T, Kato K, Imai T, Miyamoto T, Uchikawa
J, Nikaido T, Konishi I (2003) Immunohistochemical expres-
sion of cyclins, cyclin-dependent kinases, tumor-suppressor
gene products, Ki-67, and sex steroid receptors in endometrial
carcinoma: positive staining for cyclin A as a poor prognostic
indicator. Hum Pathol 34:471-478

Shioazawa T, Li SF, Nakayama X, Nikaido T, Fujii S (1996)
Relationship between the expression of cyclins/cyclin-depen-
dent kinases and sex steroid receptors/Ki67 in normal human
endometrial glands and stroma during the menstrual cycle. Mol
Hum Reprod 2:745-752

Skomedal H, Kristensen GB, Lie AK, Holm R (1999) Aberrant
expression of the cell cycle associated proteins TP53, MDM2,
p21, p27, cdk4, cyclin D1, RB, and EGFR in cervical car-
cinomas. Gynecol Oncol 73:223-228

Southern SA, Herrington CS (1998) Differential cell cycle
regulation by low- and high-risk human papillomaviruses in
low-grade squamous intraepithelial lesions of the cervix. Can-
cer Res 58:2941-2945

Takeno S, Noguchi T, Kikuchi R, Uchida Y, Yokoyama S,
Muller W (2002) Prognostic value of cyclin Bl in patients with
esophageal squamous cell carcinoma. Cancer 94:2874-881
Takeuchi H, Ozawa S, Ando N, Shih CH, Koyanagi K, Ueda
M, Kitajima M (1997) Altered pl6/MTS1/CDKN2 and cyclin
D1/PRAD-1 gene expression is associated with the prognosis
of squamous cell carcinoma of the esophagus. Clin Cancer Res
3:2229-2236

Van de Putte G, Kristensen GB, Lie AK, Baekelandt M, Holm
R (2004) Cyclins and proliferation markers in early squamous
cervical carcinoma. Gynecol Oncol 92:40-46

Volm M, Koomagi R, Mattern J, Stammler G (1997) Cyclin A
is associated with an unfavourable outcome in patients with
non-small-cell lung carcinomas. Br J Cancer 75:1774-1778
Wright TC, Ferenczy A, Kurman RJ (2002) Carcinoma and
other tumors of the cervix. In: Kurman RJ (ed) Blaustein’s
pathology of the female genital tract, 5th edn. Springer, Berlin
Heidetberg New York, pp 325-346

Yasmeen A, Berdel WE, Serve H, Muller-Tidow C (2003)
E- and A-type cyclins as markers for cancer diagnosis and prog-
nosis. Expert Rev Mol Diagn 3:617-633

Zerfass K, Schulze A, Spitkovsky D, Friedman V, Henglein B,
Jansen-Durr P (1995) Sequential activation of cyclin E and
cyclin A gene expression by human papillomavirus type 16 E7
through sequences necessary for transformation. J Virol 69:
6389-6399

Zhai YL, Nikaido T, Shiozawa T, Orii A, Fujii S (1999) Ex
pression of cyclins and cyclin-dependent kinases in smooth
muscle tumors of the uterus. Int J Cancer 84:244-250




Int | Gynecol Cancer 2005, 15, 389-397

SURGEON’S CORNER

A systematic nerve-sparing radical hysterectomy
technique in invasive cervical cancer for preserving

postsurgical bladder function

N. SAKURAGTI*, Y. TODO*, M. KUDO*, R. YAMAMOTO* & T. SATOt
*Department of Obstetrics and Gynecology, Hokkaido University School of Medicine, Sapporo, Japan; and {Department
of Functional Anatomy, Tokyo Medical and Dental University School of Medicine, Tokyo, Japan

Abstract. Sakuragi N, Todo Y, Kudo M, Yamamoto R, Sato T. A sys-
tematic nerve-sparing radical hysterectomy technique in invasive cervical
cancer for preserving postsurgical bladder function. Int | Gynecol Cancer
2005;15:389-397.

The objective of this study is to describe a technique for preserving
the autonomic nerve systematically, including the hypogastric nerves,
pelvic splanchnic nerves, and pelvic plexus and its vesical branches,
based on anatomic considerations for the autonomic nerves innervat-
ing the urinary bladder, in radical hysterectomies and to assess post-
surgical bladder function. A nerve-sparing radical hysterectomy was
carried out on 27 consecutive patients with uterine cervical cancer trea-
ted between 2000 and 2002. The FIGO stages of the disease consisted
of 10 stage 1b1, 6 stage Ib2, 3 stage Ila, and 8 stage IIb. The nerve-spar-
ing procedure was successfully completed in 22 of the 27 patients
(81.5%) in the study. At 1 year after the operation, bladder symptoms
were significantly improved in the nerve-sparing group compared to
the non-nerve-sparing group. Urinary incontinence and abnormal (di-
minished) bladder sensation were observed in three of the five pa-
tients (two patients had both symptoms), for whom the nerve-sparing
procedure could not be performed, but none of the 22 patients for
whom the nerve-sparing procedure was performed had incontinence,
and only two patients had abnormal (increased) bladder sensation
(P = 0.0034 for incontinence and P = 0.030 for abnormal bladder
sensation). The patients’ survival was not adversely affected by the
nerve-sparing procedure. Although it is still preliminary, the surgical
technique described in this report is thought to be effective for preserv-
ing bladder function, and thus, the quality of life could be improved for
patients with cervical cancer who are treated with a radical hysterectomy.
For further evaluation of the efficacy of nerve-sparing radical hyster-
ectomy, a prospective randomized trial needs to be performed.
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