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G2 chromatid damage and repair kinetics in
normal human fibroblast cells exposed to low-
or high-LET radiation
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Abstract. Radiation-induced chromosome damage can be
measured in interphase using the Premature Chromosome
Condensation {PCC) technique. With the introduction of a new
PCC technique using the potent phosphatase inhibitor calycu-
lin-A, chromosomes can be condensed within five minutes, and
it is now possible to examine the early damage induced by
radiation. Using this method, it has been shown that high-LET
radiation induces a higher frequency of chromatid breaks and a
much higher frequency of isochromatid breaks than low-LET

radiation, The kinetics of chromatid break rejoining consists of
two exponential components representing a rapid and a slow
time constant, which appears to be similar for low- and high-
LET radiations. However, after high-LET radiation exposures,
the rejoining process for isochromatid breaks influences the
repair kinetics of chromatid-type breaks, and this plays an
important role in the assessment of chromatid break rejoining
in the G2 phase of the cell cycle,

Copyright ©2003 S. Karger AG, Basel

A number of experiments have been performed to quantify
the biological effects of high-LET radiation exposure and
results prove that this type of radiation is more lethal to cells
than equivalent doses of sparsely ionizing radiation such as y-
or X-rays (Suzuki et al., 1989; Raju et al., 1991; Napolitano et
al,, 1992). High-LET radiation exposures produce more chro-
mosome breakage and more complex chromosome rearrange-
ments, which usually leads to cefl death. However, some types
of damage may confer a proliferative advantage on cells leading
to oncogenic cell transformation and carcinogenesis. Indeed,
the frequencies of transformation and mutations induced by
high-LET radiation have been shown to be greater than those
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induced by similar doses of low-LET radiation (Thacker et al.,
1979; Yang et al., 1985; Suzuki et al., 1989; Tsuboi et al., 1992),
suggesting that carcinogenesis is the most important biological
effect caused by exposure to high-LET radiation.
Chromosome aberration analysis is one of the most reliable
and sensitive methods of measuring radiation-induced dam-
age. Although cytogenetic damage is typically evaluated in the
mitotic phase of the cell cycle, this raises problems because
many cells experience severe cell cycle delays and interphase
cell death (Suzuki et al, 1990; Ritter et al., 1992, 1996;
Edwards et al., 1994, 1996; George et al., 2001), especially after
high-LET radiation exposure. Assessing damage in interphase
chromosomes can reduce some of these problems and produce
a more accurate determination of ¢cytogenetic effects following
high-LET exposure. The premature chromosome condensation
(PCC) technique, first described by Johnson and Rao (Johnson
and Rao, 1970), condenses interphase chromosomes by fusion
to mitotic inducer cells, and this method contributed greatly to
the study of early effects of radiation damage and chromosome
break rejoining. However, this fusion PCC method is technical-
ly difficult to perform and laborious; the PCC index is low, and
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Fig. 1. An example of G2 PCC immediately after exposure to 2 Gy of
80 keV/um carbon particles. Arrows show chromatid-type breaks and arrow
heads show isochromatid breaks,

chromosomes are not well condensed. The fusion PCC tech-
nique also requires a considerable manipulation time and is
therefore not amendable to studying chromosomal breaks in-
duced immediately after irradiation.

With the recent introduction of a technique using the pro-
tein phosphatase inhibitor calyculin-A to induce condensation
in interphase cells (Gotoh et al., 1995; Durante et al., 1998a),
PCC collection is now technically much simpler and a higher
index of well-condensed chromosomes can be obtained. Caly-
culin-A can induce PCC in many types of cells and in different
phases of the cell cycle, especially in G2-phase cells and con-
densation is induced within five minutes of application. Using
this technique, Durante and colleagues (Durante et al., 1999)
found similar frequencies of aberrations in G2 chromosomes
condensed using calyculin-A and in chromosomes condensed
in G1 using the fusion PCC technique. However, lower fre-
quencies were observed in chromosomes collected at meta-
phase, apparently due to the effect of cell cycle delay or cell
cycle block, In this report, high-LET radiation-induced chro-
mosome aberrations in G2-phase normal human fibroblast
cells are discussed.

Initial chromatid breaks

Gotoh et al., (1999) studied radiation-induced G2 chroma-
tid breaks using calyculin-A-induced PCC from human fibro-
blast cells (AG01522) after y-ray exposure during exponential
growth phase, and initial chromatid breaks were found to
inc¢rease linearly with dose, Using a similar method, Kawata et
al, (2000, 2001a, 2001b) studied high-LET radiation-induced
G2 chromosome aberrations in AGO01522 cells. An example of

212 Cytogenet Genome Res 104:211-215 (2004}

chromatid damage observed immediately after exposure to
2 Gy of 80 keV/um carbon ions is shown in Fig. 1, where more
than 20 isochromatid breaks (G2 fragments) and a number of
chromatid breaks are observed.

The dose-response curves for chromatid-type breaks, iso-
chromatid breaks, and total break yield (chromatid-type plus
isochromatid-type) after exposure to radiation of different LET
values are summarized in Fig, 2, The LET values for the radia-
tion used here range from 0.6 to 440 keV/pm. A linear increase
in chromatid breaks and total break yield was discovered,
which was independent of the radiation type. On the other
hand, isochromatid breaks increased linearly after exposure to
high-LET radiation, and a linear quadratic increase was ob-
served after y-ray and 13 keV/um carbon exposure, Interesting-
ly, asthe LET value increased, the initial percentage of chroma-
tid-type breaks decreased and the percentage of isochromatid
breaks increased, until finally isochromatid breaks predomi-
nated over chromatid-type breaks after the 440 keV/um iron
irradiation, More than 50 % of the initial breaks are isochroma-
tid-type after 440 keV/um iron particle exposure, while more
than 90% are chromatid-type breaks after y-ray exposure.

The differences in break patterns for low- and high-LET
radiations may be attributed to the structure of G2 chromo-
somes and densely ionizing clusters produced by high-LET
radiation, In the G2 phase of the cell cycle, sister chromatids
are tightly attached to one another (Murray and Hunt, 1993)
and the two chromatid breaks that lead to an isochromatid
break would be in close proximity. The probability of a single
track of low-LET radiation producing two breaks on sister chro-
matids is low because ionizations are generally spaced farther
apart than the distance between sister chromatids, and there-
fore chromatid-type breaks would predominate afier low-LET
exposure. However, the probability of an isochromatid break
occurring from a single track of high-LET radiation is propor-
tional to the LET of the charged particles because the distance
between the ionization clusters decreases with increasing LET.
An increased yield of isochromatid breaks after a-particles or
neutron exposure has also been reported (Durante et al,, 1994;
Griffin et al., 1994; Vral et al., 2000) using mitotic collection
and the G2-assay. A high percentage of isochromatid breaks
can, therefore, be a signature of high-LET radiation exposure of
G2 phase cells,

When the distribution of isochromatid breaks is assessed
within the cell, an overdispersion is observed for high-LET
exposure when compared with similar doses of low-LET radia-
tion. Kawata et al. (2002) calculated the relative variance (s%/y)
from the measured value of the mean value (y) and the variance
(%), which was around 1.3 for 1.2 Gy of y-rays, 2.0 for 1.5 Gy of
185 keV/pm iron, and around 3.1 for 1.5 Gy of 440 keV/um
iron particles, respectively. Because energy deposition is fo-
cused along the high-LET particle tracks, some cells will be very
heavily damaged, while cells hit by 8-rays alone will suffer mod-
est damage, and other cells with no hits will be normal (Cuci-
notta et al.,, 1998). This is in contrast to low-LET radiation
exposure, such as y-rays, where a more even distribution of
damage will induce a uniform distribution of isochromatid
breaks.
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Rejoining of chromatid breaks

The kinetics of total break (chromatid-type plus isochroma-
tid-type), isochromatid break, and chromatid break rejoining
were investigated after y-rays, 13 keV/pm carbon, 55 keV/um
silicon, or 440 keV/um iron particles (Kawata et al., 2000). The
repair kinetics for total chromatid breaks showed a similar fast
and slow time constant for both high-LET and y-ray exposure
(Fig. 3}, and the half time for fast repair was about 4 min,

0 05 1

o
15 2 25 ¢ 05 1 15 2 0 05 1 18 2
Gy Gy Gy

60 | 60

® 5i 1Gy

oc 26y
3 A yon 1.5Gy
Q
7 ¢ 26y 26y
&
[
(=]
o
&=
[}
=]
a
» 50 -1 50
E
o
w
g -
S ki ¥
5

46 o o
¢ &
[ | a 1 s (] L 1 " i L
0 100 200 300 400 800 800 700

Time {minutes}

Fig. 4. Kinetics of rejoining of isochromatid breaks as a function of incu-
bation times (Data from Kawata et al., 2001b).

regardless of radiation type. Iliakis and colleagues (Iliakis et al.,
1993), using a combination of hypertonic treatment and fusion
PCC technique, reported a half time of 1.5 min for repair of
G1-phase CHO cells after exposure to X-rays. Durante and col-
leagues (Durante et al., 1998b), using the same technique with
fluorescence in situ hybridization (FISH) analysis, also showed
that y-ray-induced chromosome breaks in GO lymphocytes
rejoined very quickly (half time of 5-6 min). Using the G2
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assay, Vral et al. (2002) demonstrated similar kinetics of disap-
pearance of chromatid breaks following y-rays and high-LET
neutrons. These results suggest that the fast component of the
repair process may be common throughout the cell cycle and
independent of LET.

The percentage of residual breaks induced by high-LET
exposure was from 4.2 to 6.2 times higher than y-rays (Kawata
et al., 2000), revealing an LET-dependent trend toward higher
levels of residual chromatid breaks. Suzuki et al. (2001) also
reported a higher frequency of residual chromatid breaks in
human epithelial cells following high-LET iron particle expo-
sure. Goodwin et al. (1994) demonstrated a clear LET-depen-
dent trend in the percentage of excess residual fragments in
CHO cells after helium (0.56 keV/um), carbon {13.7 keV/um),
argon (115 keV/pm), and neon (183 keV/um) particle exposure,
with the reported percentage of residual excess fragments being
49% after 183 keV/um neon particle exposure, compared to
11% after X-ray exposure. The higher rate of residual breaks
induced by high-LET radiation may be due to the more clus-
tered DNA damages induced by this type of exposure,

Kawata et al. (2001b} used calyculin-A-induced PCC meth-
od to examine the kinetics of isochromatid break rejoining, and
found that high-LET radiation-induced isochromatid breaks
rejoin quickly (Fig. 4). Since many more isochromatid breaks
are produced by high-LET radiation, chromatid rejoining or
exchange formation between isochromatid breaks is more like-
Iy to occur in these samples. During the isochromatid break
rejoining or exchange formation process, a structural pattern
similar to a simple chromatid-type break can be produced,
which is therefore classified as residual chromatid-type break,
leading to an increase in the number of chromatid-type breaks.
This increase in chromatid breaks with repair time is not
observed after low-LET radiation, since the initial yield of

214 Cytogenet Genome Res 104:211-215 (2004)
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isochromatid breaks is much smaller. Therefore, the rejoining
process of isochromatid breaks probably leads to the appear-
ance of slower kinetics for chromatid-type break rejoining,
especially for 440 keV/um iron particles {Fig. 5).

Conclusion

High-LET radiation was found to be more effective at pro-
ducing isochromatid breaks in the G2 phase of the cell cycle,
and the repair process involved in the rejoining of these iso-
chromatid breaks could explain why chromatid break yields
remain higher after high-LET irradiation when compared with
low-LET irradiation. The PCC technique with calyculin A
proved very useful for analysis of the repair kinetics in G2 cells
following low- or high-LET irradiation.
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Abstract

Objective. To evaluate patterns of failure in cervical cancer patients with histopathologic parametrial invasion treated with postoperative
pelvic radiation therapy.

Methods, Records of 117 stages IB-TIB cervical cancer patients with parametrial invasion treated with postoperative radiation therapy
from 1985 to 2002 were retrospectively reviewed. Patients were divided inte two groups based on status of pelvic lymph nodes. Patterns of
recurrence and prognosis by status of pelvic lymph nods were statistically analyzed.

Results. Status of pelvic lymph nodes had significant impact on both recurrence and survwal Extrapelvic recurrence was observed in 23
of 66 node-positive patients compared with 6 of 51 node-negative patients (P = 0.005). Of 66 patients with a positive pelvic lymph node, 18
developed visceral metastases, whereas only three visceral metastases were noted in the 51 node-negative patients (P = 0,003). Five-year
overall survival in node-positive and -negative patients was 52% and $9%, respectively (P = 0.0005). Corresponding rates for recurrence-free
survival were 44% and 83%, respectively (P = 0.0002). The correlation between nodal metastasis and prognosis was enhanced when node-
positive patients were stratified into two groups based on number of positive nodes (n = 1 and # > 2), Five-year recurrence-free survival rates
for patients with negative, one positive, and two or more positive nodes were 83%, 61%, and 31%, respectively (P = 0.0003).

Conclusions. Extrapelvic recurrence was uncommon in node-negative patients with parametrial invasion. These findings do not support
use of systemic therapy for cervical cancer patients with parametrial invasion if pelvic lymph node metastasis is negative.
© 2004 Elsevier Inc. All rights reserved.

Keywords: Cervical cancer; Parametrial invasion; Lymph node; Postoperative radiation therapy

Introduction

Adjuvant therapies for women with Intemmational Feder-
ation of Gynecology and Obstetrics (FIGO) stage I1IB
cervical cancer have not been widely examined in Western
countries because these patients have mainly been treated
initially with radical radiotherapy. On the other hand, in
Japan, stage IIB cervical cancer patients have been

* Corresponding author. Fax: +81 43 226 2161,
E-mail address: unotakas@ho.chiba-u.ac jp (T. Uno).

0090-8258/8 - see front matter © 2004 Elsevier Inc, All rights reserved.
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predominantly treated surgically and receive postoperative
adjuvant pelvic irradiation if histopathologic examination
confirms parametrial involvement. Eligibility criteria of a
recent clinical study for IB-ITA disease (which showed a
positive survival effect for adjuvant concurrent cisplatin-
based chemotherapy and radiation therapy) included para-
metrial tumor invasion {1]. Thus, it is now recommended
that patients with parametrial invasion should receive
postoperative concurrent chemotherapy and pelvic radiation
therapy. However, this group of patients consists of those
with and without pelvic lymph node metastasis, Status of
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pelvic lymph nodes is considered to be one of the most
important prognosticators [2-7]. In addition, it is stll
unclear whether patients with all stages and extents of
disease equally benefit from chemotherapy. Therefore, it is
still unknown whether this heterogeneous patient group
should be uniformly treated with concurrent chemoradia-
tion. Results of our previous study, which included 45
patients with pathologic T2b (pT2b) disease by TNM
classification, showed that lymph node status had an
obvious impact on development of distant metastasis [8]
and thus did not support use of chemotherapy for patients
without lymph node metastasis. In order to examine this
issue further, in the current study, we reevaluated patterns of
failure in stages IB-IIB cervical cancer patients with
histopathologic parametrial invasion treated with postopera-
tive pelvic radiotherapy in a larger patient group. The main
objective of the present study was to validate or refute our
previous speculation that status of pelvic lymph nodes
determines the recurrence pattern in patients with para-
metrial invasion,

Patients and methods

Between April, 1985, and March, 2002, 327 patients
with FIGO IB-IIB carcinoma of the cervix received post-
operative pelvic radiotherapy at the Chiba University
Hospital and three affiliated institutions. Eligibility criteria
for the present study included (1) radiotherapy preceded by
a class III radical hysterectomy with bilateral pelvic
lymphadenectomy; (2) squamous cell carcinoma; (3) histo-
pathologically confirmed parametrial invasion (pT2b); and
(4) dose of pelvic radiotherapy =40 Gy. A total of 117
patients with pT2b uterine cervical cancer according to the
UICC-TNM classification were entered into this study.
Patient characteristics are shown in Table 1. Median age was
53 years (range, 27-79). Preoperative FIGO clinical stage

Table 1
Patient characteristics
No. of patients 117
Age
Median 53
Range 27-7%
Clinical stage
B* ’ 17
oA 6
oB 94
Surgical margin
Negative 85
Positive 32
Lymph node metastasis
Negative 51
Positive 66
Dose of irradiation (Gy)
Median 50
Range 40-56

* Inchudes four patients with [B2 disease diagnosed afier 1995,

was 1B for 17 patients, IIA for 6, and IIB for 94. After
surgery, a total of 66 patients (56%) were positive for pelvic
lymph node metastasis, 8 of 17 (47%) stage IB patients, 4 of
6 (67%) stage IIA patients, and 54 of 94 (57%) stage IIB
patients. Of the 66 node-positive patients, 29 had only one
positive node and the remaining 37 had two or more
positive nodes. A microscopically positive surgical margin
was observed in 32 of 117 (27%) patients. The majority of
patients were found to have some degree of lymph-vascular
space invasion. The retrospective and multicenter nature of
the current study placed some limitations on data available
for analysis. In general, preoperative bimanual examination
has been performed without any anesthesia in Japan, which
limited findings for some patients, especially those for
whom the exam was painful or otherwise difficult. In
addition, preoperative work-up did not necessarily include
magnetic resonance imaging (MRI), especially in the early
part of the study period. Furthermare, lesion size was not
always accurately cited in the pathology report and
variability existed in the direction of sectioning for slide
preparation. Thus, it was impossible to determine the
greatest fumor diameter objectively. Patients with grossly
positive nodes were not included in the present study.
However, patients with questionable abnormalities by pelvic
CT or those with unknown lymph node status before surgery
were eligible.

The radiation therapy techniques have been described
previously [8], and they were similar at each institution. In
brief, patients were treated with 10-18 MV X-rays from a
linear accelerator using anterior and posterior opposing
techniques, with the fields encompassing the whole pelvis
extending from the lower margin of the obturator foramen to
the upper margin of the fifth lumbar vertebra and laterally to
at least 1.5 cm outside of the true pelvis. After implementa-
tion of a computed tomography (CT) simulator with three-
dimensional treatment planning system, patients were
predominantly treated with four-field box technique. Ante-
rior and posterior borders of the lateral fields were carefully
determined based on preoperative diagnostic imaging
studies such as CT and MRI, with an adequate coverage
of the pelvic lymph node area and the primary tumor bed.
Typically, the anterior margin was placed just anterior to the
symphysis pubis and the posterior margin included the
anterior aspect of the sacrum. No attempt was made to
irradiate paraaortic lymph nodes. A fractional daily dose of
1.8-2.0 Gy at midpoint of the central axis or at beam
intersection of central axes to a median total dose of 50 Gy
(range, 40-56 Gy) was delivered. Patients with a micro-
scopically positive surgical margin at the lateral para-
metrium could be treated with a boost field up to a dose
of 60 Gy. Brachytherapy was applied for women with
microscopic tumor cut-through at the vaginal stump at the
discretion of the attending physician. In general, a pre-
scribed dose of 5001200 ¢Gy at the submucosa § mm in
one to two fractions was delivered by high-dose-rate
machines. No patient received systemic chemotherapy
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adjunctively. Only six node-positive patients who were
treated after 1998 received weekly or daily cisplatin
concurrently with pelvic radiotherapy.

Patients were followed every one to 3 months. Mean
follow-up of surviving patients was 72 months (range, 6
237 months). Patients were, in general, examined clinically
at 1- to 3-month intervals during the first 2 years, at I- to 6-
month intervals for the next 3 years, and yearly thereafter,
The diagnosis of recurrence was predominantly based on
clinical and radiological findings, with histological con-
firmation in cases of supraclavicular lymph node metastasis
or ceniral vaginal stumnp recurrence.

Sites of recurrent were divided into pelvis and extrap-
elvis. Pelvic recurrence was further divided info central and
peripheral pelvic wall, Extrapelvic recurrence included
paraaortic node recurrence as well as other sites such as
supraclavicular lymph nodes and viscera! recurrence. For
analysis of recurrence pattern, only the site of the first
failure, which emerged more than 1 month earlier than
recurrence at any other site, was counted. Impact of clinical
factors on development of recurrence was examined by chi-
square test. A P value of less than 0.05 was considered
statistically significant.

Overall survival (OS) was measured from date of
surgery to death from any cause, with surviving patient
follow-up data censored at the last contact date. OS and
recurrence-free survival (RFS} were estimated using the
method of Kaplan and Meier. Time-to-event distributions
were compared using the log-rank fest with a statistical
significance level of 0.05. All estimated P values were two
tailed. Late bladder and intestinal complications were
graded according to the RTOG/EORTC late radiation
morbidity scoring system [9]. Probability of developing
leg edema was graded by LENT-SOMA scale [10] and was
calculated actuarially. Patients who died of intercurrent
disease without experiencing leg edema were censored at
the time of death. In calculating leg edema rates, patients
who developed pelvic recurrence were excluded.

Results

Patterns of recurrence and impact of clinical factors on
rectirrence

Thirty-five patients developed recurrent disease in a total
of 40 sites. Pelvic recurrence developed in 10 patients, and
extrapelvic recurrence developed in 29 patients. Four
patients are counted in both categories because they
developed recurrent disease in both pelvic and extrapelvic
sites simultaneously. None of the clinical factors such as
FIGO stage, surgical margin status, and pelvic node status
influenced development of pelvic recurrence. Neither FIGO
stage ner surgical margin status influenced development of
extrapelvic recurrence. In contrast, pelvic node status had
significant impact on development of extrapelvic recur-

rence. Sites of recurrence according to pelvic node status
are shown in Table 2. Extrapelvic recurrence was observed
in 23 of 66 (35%) node-positive patients as opposed to 6 of
51 (12%) node-negative patients (P = 0.005). Notably, 18
of 66 (27%) patients with a positive pelvic lymph node
developed visceral metastases, whereas only three visceral
netastases were noted in 51 node-negative patients (6%)
(P = 0.003).

Survival and clinical factors

The S-year OS and RFS rates for all patients were 69%
and 61%, respectively. Surgical margin status did not
influence either OS or RFS. Clinical FIGO stage (IB-TIA
vs. [IB) had marginal impact on both OS and RFS, Five-
year OS rates were 80% and 66% in patients with IB-IIA
and IIB disease, respectively (P = 0.056). Corresponding
figures for RFS were 77% and 58% (P = 0.067). Pelvic
lymph node metastasis had an obvious impact on both OS
and RFS. Five-year OS rates for patients with and without
pelvic lymph node metastasis were 52% and 89%,
respectively (Fig. 1, P = 0.0005). Corresponding figures
for RFS were 44% and 83% (P = 0.0002). This correlation
between status of pelvic Iymph nodes and prognosis wag
enhanced when node-positive patients were classified into
two groups based on number of positive nodes (n = 1 or
n = 2). Five-year RFS rates for patients with negative,
one positive, and two or more positive lymph nodes were
83%, 61%, and 31%, respectively (Fig. 2, P = 0.0001).
Corresponding figures for OS were 89%, 61%, and 46%,
respectively (P = 0.0011).

Toxicity

No patient developed a severe life-threatening compli-
cation that required surgical intervention during radio-
therapy. As for late bladder complications, grade 2
complications were observed in three patients and a grade
3 complication in one patient. Grade 2 intestinal complica-
tions requiring conservative treatment occurred in three
patients. Grade 3 intestinal complications requiring surgical
intervention occurred in two patients. Use of brachytherapy
did not influence development of complications. The most

Table 2

Sites of recurrence based on status of pelvic lymph nodes

Node status Pelvis Extrapelvis Total
Central  Peripheral PAN  Visceral

recurrence

Negative (n =51) | ko 3 3 10

Positive (z = 66)  2° 4* 6 18° 30

Total 3 7 9 21 40

PAN, paraaortic lymph nodes.

* One patient had simultaneous extrapelvic recurrence.
® Two patients had simultaneons extrapelvic recurrence,
¢ One patient also had PAN metastasis.
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Fig. 1. Kaplan-Meijer estimates of overall survival for cervical cancer
patients with parametrial invasion based on status of pelvic lymph nodes.

common complication was lymphedema. Because of
limitations due to this study’s multi-institution retrospective
setting, leg edema could be assessed in only 57 patients. Of
those, 12 patients developed leg lymphedema with
symptomatic edema (grade 2) in four patients and secondary
dysfunction (grade 3) in eight. The actuarial probability of
suffering leg edema at 3 years was 26%.

Discussion

Women with FIGO stage HB cervical cancer are conside-
red to have advanced lesions. Even if they can be surgically
treated, postoperative histological examination typically
reveals various risk factors for recurrence that mandate
additional local and/or systemic therapies for the majority of
cases. The Milan trial, which compared survival outcome for
patients with stages IB-ITA cervical cancer randomized to
radiation or radical surgery with selective adjuvant post-
operative radiotherapy, showed that the rate of late compli-
cations was highest among patients undergoing combined
modality therapy with identical survival outcome. Patients
staged greater than IIA are not candidates for initial surgery in
the United States and Europe because the majority will need
postoperative radiotherapy that increases the probability of
developing late complications. However, initial surgery for
1IB disease is the usual practice in Japan and we believe this
practice pattern will continue. Because Japanese women
present first at gynecologic clinics, it is gynecologists in
most institutions who determine treatment strategy without
additiona! input from radiation oncologists. Most gyneco-
logists consider surgical treatment to be superior fo radio-
therapy; as a result, the majority of patients with stage 1IB
cervical cancer have been treated with radical hysterectomy
and lymphadenectomy. These patients have also typically
received postoperative pelvic irradiation if histopathological
examination confirmed pT2b disease or other risk factors.

The concept of postoperative pelvic radiotherapy, there-
fore, is quite different between the United States/Europe and
Japan. In the United States/Europe, postoperative
radiotherapy means “adjuvant pelvic radiotherapy for
completely resected stages IB-TIA disease” whereas, in
Japan, it simply means “radiotherapy after surgery.” Thus,
most Japanese postoperative studies include patients with
initial FIGO stage IIB disease, for whom initial chemo-
radiation is now the treatment of choice in the United States/
Europe. Comparison of the two different approaches, initial
chemoradiotherapy versus surgery followed by adjuvant
radiotherapy, is beyond the scope of the present study, One
benefit of the latter strategy is that surgical lymph node
staging might select the subpopulation of patients who can
safely skip chemotherapy.

Based on five recent randomized trials, it has become
increasingly clear that concurrent chemoradiation is more
effective than radiation alone for most clinical stages of
cervical cancer [1,11-14]. Concurrent cisplatin-based che-
motherapy with radiation therapy has become the standard
of care in advanced cervical cancer and a standard for some
patients receiving adjuvant therapy afier initial surgery.
Eligibility criteria of the adjuvant chemoradiation trial
included parametrial invasion [1]. Results of that study
suggest that patients with parametrial invasion should
undergo postoperative concurrent chemotherapy and pelvic
radiation therapy. In the present study, extrapelvic recur-
rence was dominant in patients with positive pelvic lymph
nodes. Thus, systemic therapy should be offered for
patients with node-positive pT2b disease.

Many investigators have shown that survival after radical
hysterectomy is affected by lymph node status [2-7].
Patients with positive pelvic lymph nodes were placed in
the high-risk group in the Gynecologic Oncology Group
{(GOG) study. Despite the finding that extrapelvic
recurrences were dominant in the node-positive group, this
did not translate into a decreased survival outcome in our
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Fig. 2. Kaplan-Meier estimates of recurrence-free survival for patients with
negative, one positive, or two or mare positive pelvic tymph nodes.
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previous study, probably due to the small number of patients
[8]. In the present study, which had a larger patient
population, pelvic lymph node metastasis had a significant
impact on both OS and RFS. There are other primary tumor-
related risk factors such as lesion size, depth of stromal
invasion, and capillary-lymphatic space invasion. Thomas
and Dembo postulated that women with negative nodes but
primary tumor-related poor prognostic factors were more
likely to develop recurrent disease in the pelvis and
therefore might benefit from pelvic irradiation [15]. The
randomized study conducted by the GOG demonstrated the
efficacy of postoperative pelvic irradiation for patients with
IB disease with tumor-related pathologic risk factors other
than pelvic lymph node metastasis [16]. Two-year
recurrence-free rate in the study was 88% in patients who
received pelvic radiotherapy compared with 79% in the
surgery alone group (P = 0.008). In the present study, only
10 patients developed pelvic recurrence. Although the
majority of patients belonged to stage IIB, pelvic control
in the present study appears to be identical with findings
from other studies that mainly treated patients with stages
IB-1IA lesions [1,16-20]. According to the GOG criteria, all
node-negative patients in the present study can be allocated
to the intermediate-risk group. Therefore, it may be a
reasonable extrapolation that adjuvant pelvic irradiation
effectively reduces the number of recurrences in women
with node-negative pT2b disease. The present results
suggest that parametrial invasion per se is not a definitive
indication for combined systemic chemotherapy and radio-
therapy. Only 6 of 51 node-negative patients developed
extrapelvic recurrence as opposed to 23 of 66 node-positive
patients. Notably, only 3 of 51 node-negative patients
developed visceral metastases. From these data, it appears
that parametrial involvement without pelvic lymph node
metastasis should not be overestimated as a risk factor for
recurrence outside the pelvis. Because the superiority of
combined modality therapy in the adjuvant setting was
mainly demonstrated in patients with stages IB-TIA disease
with lymph node metastasis, there are no relevant data for
[IB disease treated with initial radical surgery. Treatment
strategies for histopathologically confirmed parametrial
invasion in several Eastern countries such as Japan, where
patients with ITB cervical cancer are predominantly treated
with initial surgery, require further investigation. Results of
the present study suggest that adjuvant therapy for pT2b
should be tailored according to pathological lymph node
status, although this should be confirmed with a prospective
study.

In conclusion, the results of the present study strongly
support the use of concurrent chemoradiation in node-
positive pT2b patients. However, the mole of systemic
chemotherapy for patients without lymph node metastasis
remains questionable. For patients with parametrial involve-
ment without lymph node metastasis, postoperative pelvic
radiotherapy can offer both sufficient pelvic control and
survival.
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