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Abstract

Tumor stroma drives the growth and progression of cancers. A heparin-binding epidermal growth factor-like
growth factor, HB-EGF, is an EGF receptor ligand that stimulates cell growth in an autocrine or paracrine
fashion. While elevated expression of HB-EGF in cancer cells and its contribution to tumor progression are well
documented, the effects of HB-EGF expression in the tumor stroma have not been clarified. Here, we show that
HB-EGF is expressed in stromal fibroblasts where it promotes cancer cell proliferation. In uterine cervical
cancers, HB-EGF was detected immunohistochemically in the stroma proximal to the cancer epithelium.
Proliferation of cervical cancer cells in vitro was enhanced by coculture with fibroblasts isolated from tumor
tissues of patients with cervical cancer. Inhibition of HB-EGF function or treatment with platelet~derived
growth factor (PDGF) inhibitors abrogated cancer cell growth enhanced by cervical cancer-associated fibroblast
(CCF) coculture. Furthermore, tumor formation in a mouse xenograft model was enhanced by cotransplantation
of CCF or mouse embryonic fibroblasts, but not with embryonic fibroblasts from HB-EGF-deficient mice.
Conversely, conditioned medium from cancer cells induced HB-EGF expression in CCF. Mechanistic investiga-
tions established that PDGF was the primary factor responsible. Together, our findings indicate that HB-EGF
and PDGF reciprocally mediate the interaction of cancer cells with cancer-associated fibroblasts, promoting
cancer cell proliferation in a paracrine manner that has implications for novel combinatorial cancer therapies.
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introduction

Tumor-surrounding tissues or the tumor stroma influence
the behavior of carcinomas (1). The tumor stroma consists of
extracellular matrix (ECM) and various types of cells including
fibroblasts, immune and inflammatory cells, and blood vessel
cells. Invasive carcinoma is often associated with expansion of
the tumor stroma and increased deposition of ECM. Cancer
cells can alter their adjacent stroma to form a permissive and
supportive environment for tumor progression by producing
growth factors, proteases, protease inhibitors, and ECM mole-
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cules. Fibroblasts within the tumor stroma, referred to as
"cancer-associated fibroblasts” (CAF), have a modified pheno-
type and a prominent role in the progression, growth, and
spread of cancers (2-4). Crosstalk between cancer cells and the
stromal fibroblasts is assumed. Cancer cells secrete various
kinds of growth factors that stimulate their own proliferation in
an autocrine manner. Some cancer cell-secreted growth fac-
tors, including TGFB, platelet-derived growth factor (PDGF),
and fibroblast growth factor (FGF)-2, act as key mediators of
fibroblast activation (2, 3, 5). The activated CAFs have a variety
of effects on both cancer cells and the surrounding stroma.
Their effects include altering the ECM environment, inducing
an inflammatory response, and activating angiogenesis, as well
as stimulating cancer cell proliferation and invasion by growth
factor secretion. Thus, cancer-CAF interaction constitutes
critical routes for cancer development and progression.
Cervical cancer is one of the most life-threatening diseases
for women worldwide (6). Infection with human papilloma
viruses (HPV) may be the first step of its carcinogenesis (7).
Despite infection with HPV, most of the resultant precancer-
ous lesions, termed squamous intraepithelial lesions (SIL), do
not progress to an invasive carcinoma, suggesting that HPV
does not act alone in the development of cervical cancer.
Cervical cancer has a prominent stromal compartment. In the
course of its progression, carcinoma cells invade the stroma,
interact with fibroblasts, and change the stromal environment
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in a manner termed desmoplastic change or stromal reaction.
Accordingly, the gene expression patterns of stromal cells are
largely altered in cervical carcinogenesis (8). A study using a
genetically-engineered mouse model suggested the presence
of crosstalk between cancer cells and stromal fibroblasts,
in which PDGF secreted from cancer cells stimulated PDGF
receptor—expressing CAFs, leading to the induction of FGF-2
and FGF-7 production by CAFs which in turn stimulated
angiogenesis and cancer cell proliferation (5).
Heparin-binding epidermal growth factor-like growth fac-
tor (HB-EGF) is an EGF receptor (EGFR) ligands, synthesized as
a transmembrane precursor protein (pro-HB-EGF; ref. 9). Its
extracellular domain is then cleaved by proteases, via the so-
called ectodomain-shedding mechanism, which yields the
soluble mature growth factor (sHB-EGF; ref. 10). sHB-EGF
shows strong mitogenic and motility activity by acting through
the EGFR (11-13). HB-EGF is involved in malignancy. Upreg-
ulation of HB-EGF has been reported in many types of
malignant tumors (14-22). In the case of ovarian cancer,
HB-EGF expression was increased in advanced cancers com-
pared with that in normal ovaries and was associated with
poor clinical outcome (14, 23). Although increasing evi-
dence has accumulated on the role of HB-EGF in tumor cell
growth and tumor progression (24), no study on the role of
HB-EGF expressed in stromal fibroblasts has been reported.
Here, we show that HB-EGF is produced by stromal fibro-
blasts in uterine cervical cancer. Coculturing the human
cervical cancer cell line ME180 with cervical cancer-associ-
ated fibroblasts (CCF) in vivo and in vitro indicated that
stromal HB-EGF contributes to the enhanced proliferation
of ME180 cells. On the other hand, PDGF produced in
ME180 cells induced HB-EGF expression in fibroblasts, sug-
gesting that these growth factors contribute to the reciprocal
interaction of cancer cells and stromal fibroblasts.

Materials and Methods

Antibodies and reagents
Details about the antibodies and reagents are described in
the Supplementary Materials and Methods.

Pathology scoring

HB-EGF immunostaining was simultaneously evaluated by
3 independent observers (including one gynecologic oncolo-
gist and one gynecologic pathologist), and a consensus was
reached for each score. The positive reaction for HB-EGF was
scored into 4 grades according to the following intensities of
staining; 0, 1+, 2+, and 3+. The percentage of the positive
staining area was also scored into the following 4 categories:
1 (0%-25%), 2 (26%-50%), 3 (51%-~75%), and 4 (76%-100%).
The sum of the intensity and percentage scores was used as
the final staining score (25). The staining pattern of the frozen
sections was defined as follows: 1, negative; 2-3, weak; 4-5,
moderate; and 6-7, strong.

Cell culture
The cervical cancer cell line HeLa and squamous cell
carcinoma (SCC)-derived ME180 cells were purchased from

the American Type Culture Collection. The TCS and CaSki cell
lines were obtained from the RIKEN BioResource Center. All
the cell lines were passaged in our laboratory soon after
receipt from cell banks, divided, and stocked in liquid nitrogen
vessels. Each experiment was carried out using thawed cells
without further authentication. Mouse embryonic fibroblast
(MEF) cells from wild-type mice (MEE-HB*/*) or HB-EGF
knockout (KO) mice (MEF-HB™/~) were obtained as described
(26). All cell lines were maintained in Dulbecco's Modified
Eagle's Medium (DMEM) supplemented with 10% FBS, 100 U/
mL penicillin G, and 100 pg/mL streptomycin. CCF cells were
obtained as described in the Supplementary Materials and
Methods and cultured in DMEM supplemented with 20% FBS
and antibiotics.

Coculture of ME180 cells and fibroblasts in
3-dimensional collagen gels

Unless otherwise stated, coculture assays were con-
ducted under the following conditions. CCF cells (1 x
10%) or MEF cells (1 x 10°) were plated into 24-well plates
3 days before coculture experiments and cultured in
0.75 mL of DMEM containing 1% FBS. ME180 cells (2 x
10%) were inoculated in 0.25 mL of 3-dimensional collagen
gel (13) using a Falcon cell culture insert (0.4-{tm pore size
membrane; Becton Dickinson Labware). HB-EGF-neutral-
izing IgG (10 pg/mL), control goat IgG (10 pg/mL), CRM197
(500 ng/mL), or other inhibitors were added to the collagen
gel. The cell culture inserts containing 3-dimensional-
cultured ME180 cells were set into 24-well dishes at
day 0 and cocultured for 14 days. The medium was changed
on day 7 and a neutralizing antibody or control antibody
was added to a final concentration of 10 ig/mL. On day 14,
MEI180 cells were recovered by treatment with collagenase
and the viable cell numbers were counted (13). The effects
of inhibitors on the growth of cervical cancer cells in
coculture with CCF cells were expressed as a percentage
of the control calculated by the following formula: total cell
number of cervical cancer cells cocultured with CCF1 cells
in the presence of a particular inhibitor divided by that of
cervical cancer cells cocultured with CCF1 cells in the
absence of a particular inhibitor x 100.

Mouse xenografting experiments

ME180 cells alone or mixtures of ME180 cells with either
CCF cells or MEF cells were subcutaneously injected into the
left flank of female athymic nude mouse at the cell numbers
indicated in the figure legends. Unless otherwise stated, the
tumor size was measured in 3 dimensions with calipers, and
the tumor volume (mm?) was calculated using the formula:
V= 052 x length x width x height.

Statistical analysis

Data are expressed as the mean = SD. Statistical analysis of
HB-EGF staining in various stages of cervical cancer progres-
sion was conducted with the x* test. The statistical signifi-
cance of other experimental data was evaluated using one-way
ANOVA. Values of P < 0.05 were considered significant.
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Resulis

HB-EGF expression in the stroma of uterine cervical
cancers and its correlation with cancer progression

Frozen sections of clinical samples were immunostained
with an anti-human HB-EGF monoclonal antibody. In normal
cervical tissues, the stroma was not immunostained, whereas
the basal and parabasal epithelial layers were slightly reactive
[Fig. 1A (i and ii)]. In cases with low-grade SILs (LSIL) and
high-grade SILs (HSIL), faint immunostaining was observed in
the stroma [Fig. 1A (iii-vi))] However, in cervical cancer
tissues, HB-EGF was strongly immunostained in the stromal
region [Fig. 1A (vii-xii)]. An irrelevant antibody did not
immunostain the stroma, whereas a similar immunostaining
pattern was observed with other anti-HB-EGF monoclonal
antibodies (ref. 27; data not shown).

To evaluate the relationships between stromal HB-EGF
immunostaining and clinical features, the cases with positive

staining in the stroma and epithelium were scored (Fig. 1B,
Supplementary Tables S1 and S2). No HB-EGF immunostain-
ing was recorded in normal cervical stroma, whereas moder-
ate to strong stromal HB-EGF immunostaining was observed
in 33% of LSIL cases, 66% of HSIL cases, and all cases of SCC. In
contrast, all the tissues had negative to weak immunostaining
in the epithelium. These results indicate that HB-EGF protein
is increased in the stromal tissues during cervical carcino-
genesis, suggesting that it is involved in its progression. In
addition, stromal HB-EGF immunostaining was observed in
adenocarcinoma tissue and small cell carcinoma tissue, as
well as in SCC of the uterine cervix (Supplementary Table S1
and Fig. S1).

Strong HB-EGF immunostaining was observed in stromal
fibroblasts localized at the invasion front of cancerous epi-
thelium [Fig. 1A (x and xii)]. The antibody used recognizes
both pro-HB-EGF and sHB-EGF. HB-EGF has strong affinities
for heparin-like molecules and heparan sulfate proteoglycans.

Figurs 1. Expression of HB-EGF in
cervical cancer stromata. A,
hematoxylin and eosin (H&E)
staining (i, ii, v, vii, ix, and xi) and
immunohistochemical staining
(brown; ii, iv, vi, vii, x, and xii) of
normal cervix (i and ii), LSIL (jii and
iv), HSIL (v and vi), and invasive
SCC (vii-xii). Frozen sections of
clinical samples were
immunostained with an anti-
human HB-EGF monoclonal
antibody. Stromal cells contacting
the invasion front of cancerous
epithelial cells were strongly
stained (x, arrows). HB-EGF was
expressed in cancer-associated
fibroblasts (xii, arrows). Bars,

0.1 mm. B, scoring of HB-EGF
staining. A significant difference in
the stromal staining of HB-EGF
was observed between normal
cervix (NC), LSILs, HSIiLs, and
SCCs (P = 0.011; ¥ test). C, laser
microdissection revealed that
HB-EGF was mainly expressed in
stromal cells. P1 to P5 were
tissues from patients with SCCs,
whereas P6 and P7 were from
patients with adenocarcinoma

[P = 0.009 for P1-P7 (n = 7);

P = 0.015 for P1-P5 (n = 5); 1
one-way ANOVA].
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Thus, sHB-EGF might be deposited at the ECM-enriched
stromal region, even though HB-EGF is not synthesized in
stromal cells. To clarify which cells produce HB-EGF, cervical
cancer cells, or cancer-surrounding stroma cells, the tran-
scription levels of HB-EGF in cancer epithelium and stromal
regions were determined by quantitative reverse transcription
PCR using microdissected frozen tissues as described in the
Supplementary Materials and Methods. For these assays,
tissues from SCCs and adenocarcinoma of the uterine cervix
were examined. As shown in Fig. 1C, HB-EGF mRNA was
higher in the stroma than in the epithelium in total cervical
cancer tissues (2 = 7, P = 0.009) and in SCCs (rn = 5, P= 0.015),
indicating that HB-EGF is mainly produced by stroma cells of
cervical cancer lesions.

HB-EGF produced by fibroblasts contributes to ME180
cell proliferation in a coculture system

The effect of stromal HB-EGF on cervical cancer cell
proliferation was examined by coculture of ME180 cells with
CCF1 cells derived from cervical cancer-associated fibroblasts
(Fig. 2A). Because growth promotion by HB-EGF is masked in
common monolayer culture (13), ME180 cells were embedded
in collagen gel using cell culture inserts. These inserts have 0.4-
pum diameter pores in the membrane, so that soluble factors
can pass between the 2 chambers. The proliferation of ME180
cells was largely enhanced by coculture with CCF1 cells
compared with ME180 cells cultured alone. ME180 cells,
cocultured with CCF1 cells, formed larger cell colonies than
ME180 cells without CCF1 cells (Fig. 2B). The total cell number
of ME180 cells produced when cocultured with CCF1 cells was
about 5 times greater than that of ME180 cells cultured alone
(Fig. 2C). The enhanced cell growth by coculture with CCF1
cells was almost abrogated by an anti-HB-EGF neutralizing
antibody, whereas growth inhibition by an anti-HB-EGF an-
tibody was not observed in ME180 cells cultured alone
(Fig. 2C). CRM197, which inhibits the mitogenic activity of
HB-EGF (28), inhibited the cell growth of ME180 cells in the
coculture system, but did not affect the growth of ME180 cells
cultured alone (Fig. 2D). An EGFR inhibitor, erlotinib, also
strongly inhibited the cell growth of ME180 cells in the
coculture system but did not significantly affect the growth
of ME180 cells cultured alone (Fig. 2E).

Enhanced proliferation by coculture with CCF1 cells was
similarly observed in another cervical cancer cell line, CaSki
cells, and the enhancement was inhibited by CRM197 (Sup-
plementary Fig. §2). Enhanced proliferation of ME180 cells
was also observed in coculture with MEF cells. ME180 cells
were cocultured with either MEF cells derived from a wild-
type mouse (MEE-HB /™) or MEF cells derived from an HB-
EGF KO mouse (MEF-HB_/ 7). The total cell number of ME180
cells produced when cocultured with MEF-HB™'* cells was
about 8.5 times higher than that of ME180 cells cocultured with
MEF-HB ™/~ cells (Fig. 2F). Thus, ME180 cell proliferation was
enhanced by coculture with CCF or MEF cells, and HB-EGF
produced by fibroblasts contributed to this enhancement.

The coculture experiments suggested that HB-EGF pro-
motes ME180 cell proliferation by acting directly on ME180
cells through phosphorylation of their EGFR. However, it is
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Figure 2. HB-EGF derived from fibroblasts enhances ME180 cell growth in
coculture assays. A, scheme of the coculture system. B, ME180 cells were
cocultured with {i) or without (i) CCF1 cells for 14 days. C, an anti-HB-EGF
antibody blocked the enhanced growth of ME180 cells cocultured with
CCF1 cells. D and E, the HB-EGF inhibitor CRM197 (D) and EGFR inhibitor
erlotinib (5 umol/L; E) blocked the enhanced growth of ME180 cells
cocultured with CCF1 cells. The total cell number is presented as the
percentage of the control. F, ME180 cells were cocultured with
MEF-HB*"* or MEF-HB ™/~ cells for 14 days. G, ME180 cells 2 x 107
infected with a control virus (mock) or a dnEGFR-expressing virus were
cultured with or without CCF1 cells for 1 week. The bars indicate the mean
+ SD of triplicate samples. *, P < 0.05; **, P < 0.01; and ***, P < 0.005.

also possible that HB-EGF acts on fibroblasts and indirectly
enhances ME180 cell proliferation. To address this point, we
carried out the following sets of experiments: First, addition of
HB-EGF to the medium was found to enhance MEI80 cell
proliferation in the absence of CCF1 cells (Supplementary
Fig. S3). Second, examination of EGFR expression and its
phosphorylation revealed that ME180 cells expressed abun-
dant EGFR and that its phosphorylation level was enhanced by
coculture with CCF1 cells (Supplementary Fig. S4). Third,
expression of dominant-negative (dn) EGFR in ME180 cells
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completely diminished the enhanced cell growth by coculture
with CCF1 cells (Fig. 2G). These results indicate that HB-EGF
directly enhances ME180 cell proliferation in coculture con-
ditions through activation of EGFR on MEI180 cells. HB-EGF
binds to ErbB4, as well as to EGFR. However, ME180 cells
had very low expression of ErbB4 (Supplementary Fig. S4).
dnEGFR expression in ME180 cells completely inhibited the
enhanced proliferation by coculture with CCF1 cells. Thus,
ErbB4 is unlikely to contribute to this process.

Cotransplantation of fibroblasts enhances tumor
growth in ME180 cells

To assess the contribution of fibroblasts and HB-EGF
expressed in fibroblasts on tumor growth in vivo, we carried
out cotransplantation experiments of ME180 cells with CCF or
MEF cells into athymic nude mice. In the initial set of
experiments, ME180 cells were used alone or mixed with
various CCF cells (CCF1, CCF2, and CCF3) isolated from
the cervical cancer stromata of different patients. Compared
with ME180 cells alone, coinjection of ME180 cells with CCF1,
CCF2, or CCF3 cells produced significantly larger tumors
(Fig. 3A). The histology of the tumors showed a prominent
stromal compartment, resembling SCC tissues of uterine
cervical cancer (Fig. 3B). Inmunostaining with an anti-human
HB-EGF antibody showed the presence of human HB-EGF in
fibroblasts surrounding the ME180 cells (Fig. 3B). Thus, the
CCF cells enhanced the growth of ME180 cells in a mouse
xenograft model to form tumors that were histologically
similar to human uterine cervical cancer.

The enhanced tumor growth of ME180 cells by CCF cells
was also examined by monitoring the tumor size using
fluorescence imaging. Green fluorescent protein (GFP)-la-
beled ME180 (ME180/GFP) cells were subcutaneously trans-
planted with or without CCF1 cells into nude mice. Consistent
with the results shown in Fig. 3A, fluorescence imaging
confirmed that ME180 cell proliferation in the mouse xeno-
graft model was enhanced by cotransplantation of CCF cells
(Fig. 3C and D).

To examine whether stromal HB-EGF contributed to
the enhanced tumor growth of the cervical cancer cells,
MEI180/GFP cells were mixed with either Ds-Red-labeled
MEE-HB™/~ (MEF-HB/"/Red) or Ds-Red-labeled MEF-
HB*/* (MEF-HB™/*/Red) cells and the mixtures were trans-
planted subcutaneously into nude mice. As shown in Fig. 3E
and F, the tumors formed by ME180/GFP cells cotrans-
planted with MEF-HB™/*/Red cells were approximately
twice as large as those formed by ME180/GFP cells cotrans-
planted with MEF-HB ™~ /Red cells after 21 days. The latter
tumors were similar in size to ME180 cells transplanted
alone (see Fig. 3A and E), indicating that MEF-HB ™/~ /Red
cells did not enhance ME180 cell tumor growth. These
results suggest that HB-EGF expressed in fibroblasts played
a major role in accelerating the growth of ME180 cells in
this mouse xenograft model.

Both hematoxylin and eosin and immunofluorescence
staining (Fig. 3F) indicated that Ds-Red-positive MEF cells
(red) were incorporated into the ME180/GFP tumors (green)
in both the MEF-HB™/*/Red and MEF-HB ™/~ /Red transplan-

tation experiments. Necrotic fields were more prevalent inside
the tumor tissue when MEF-HB ™~ /Red cells were cotrans-
planted, compared with MEF-HB*/*/Red cells, suggesting
enhanced angiogenesis due to HB-EGF. Interestingly, the
fluorescence intensity of ME180/GFP cells cotransplanted
with MEF-HB/*/Red cells tended to be higher than that of
ME180/GFP cells cotransplanted with MEF-HB ™/~ /Red cells.
GFP synthesis in the former combination might have resulted
from a more abundant supply of nutrients and oxygen, given
the enhanced angiogenesis in these tumors.

PDGF secreted by cervical cancer cells induces HB-EGF
expression in fibroblasts

HB-EGF staining was preferentially observed at the stromal
regions contacting the cancer invasion front. This suggested
that cervical cancer cells might provide certain factors to the
cancer-surrounding fibroblasts to induce the expression of
HB-EGF and that fibroblasts could respond to these factors
and upregulate HB-EGF mRNA synthesis. To test this hypothe-
sis, conditioned media (CM) prepared from cervical cancer
cell lines were added to the fibroblast primary cultures. When
CM from CaSki or ME180 cells was added to CCF1 cells, the
HB-EGF mRNA levels in CCF1 cells were markedly upregu-
lated (Fig. 4A). Moderate upregulation was observed with CM
from HelLa cells, whereas no upregulation was observed with
CM from TCS or NIH3T3 cells (Fig. 4A). Enhanced HB-EGF
mRNA expression by ME180 CM was observed in CCF2 and
CCF3 cells as well as in CCF1 cells but not in ME180 cells
themselves (Fig. 4B). Upregulation of HB-EGF mRNA expres-
sion was observed 3 hours after the addition of CM and peak-
ed at 6 to 9 hours (Fig. 4C). Western blot analysis of CCF1 cell
lysates confirmed the induction of HB-EGF protein synthesis
by ME180 CM but not by control CM from CCF1 cells (Fig. 4D).

Examination of the expression levels of other EGFR ligands
revealed that ME180 CM preferentially induced HB-EGF ex-
pression in CCF1 cells, although HeLa CM slightly induced
epiregulin expression in these cells (Supplementary Fig. S5).
These results indicate that CM from cervical cancer cell lines
specifically induced HB-EGF among the EGFR family of
growth factors in CCF cells.

To characterize the putative HB-EGF inducer in CM from
ME180 cells, various inhibitors were tested to see whether they
could prevent the induction of HB-EGF expression in CCF1
cells. FGF, insulin-like growth factor, PDGF, and TGFp are
known to be secreted by carcinoma cells to activate CAF cells.
An FGF/VEGF receptor tyrosine kinase inhibitor, PD173074,
did not inhibit HB-EGF expression in CCF1 cells, whereas the
insulin-like growth factor receptor inhibitor AGL2263 and
TGFP RI kinase inhibitor II partially inhibited HB-EGF mRNA
synthesis. In contrast, the PDGF receptor inhibitor AG1295
completely inhibited HB-EGF expression (Fig. 5A), suggesting
that PDGF contributed to the HB-EGF induction in CCF cells.
PDGEF is composed of heterodimers or homodimers of 4 sub-
types. To test whether PDGF could induce HB-EGF expression
in CCF1 cells, various forms of PDGF were added to CCF1 cell
cultures. PDGF-AB, PDGF-BB, and PDGF-DD induced HB-EGF
expression in CCF1 cells, whereas PDGF-AA and PDGF-CC
almost had no effect (Fig. 5B). Western blot analysis confirmed
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Figure 3. Coinjection of CCF or
MEF cells with ME180 celis into
athymic nude mice enhances
ME180 tumor formation. A,
ME180 cells alone (1.5 x 10% or
ME180 cells (1.5 x 10 plus CCF
cells (0.6 x 10°) were injected
subcutaneously, and the tumor
volumes were measured. B,
hematoxylin and eosin (H&E)
staining (i and iii) and
immunohistochemistry for HB-
EGF (i and iv) of tumor tissues
generated by ME180 cells plus
CCF1 cells (i and i) or ME180 cells
alone (jii and iv) in A. Bars, 50 um.
C, ME180/GFP cells alone (0.5 x
10°) or ME180/GFP celis (0.5 x
108) plus CCF1 cells (2.5 x 10
were injected subcutaneously into
nude mice, and the tumor volumes
were measured by GFP
fluorescence imaging. D, tumors
formed by injection of ME180 cells
alone (ji) or ME180 cells pius CCF1
cells (i) were observed by
flucrescence imaging. E, ME180/
GFP cells (1.0 x 10°) were
subcutaneously coinjected with
MEF-HB*"*/Red cells (5 x 105 or
MEF-HB~/~/Red cells (5 x 10°)
into nude mice. F, H&E-stained
and fluorescence images of
tumors formed by coinjection

of ME180/GFP cells with
MEF-HB*¥/Red (i and i) or
MEF-HB~~/Red (iii and iv) cells.
Cell nuclei were stained with
Hoechst 33342 (blue). *, P < 0.05;
*** P < 0.005.
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that ME180 cells produced PDGF-BB (Fig. 5C). Consistent with
this result, CCF1 cells produced PDGFRP (Supplementary
Fig. S4). Moreover, tissue sections stained with anti-PDGF-
B and anti-PDGFR antibodies indicated that these proteins
were localized in cancer cells and the cancer-surrounding
stromal region, respectively, in a mouse xenograft model
coinjected with ME180 and CCF1 cells (Fig. 5D).

The PDGF receptor inhibitors AG1295 (Fig. 6A) and ima-
tinib (Fig. 6B) prevented the enhanced proliferation of ME180
cells by coculture with CCF1 cells but did not inhibit ME180
cell proliferation when the cells were cultured alone (Fig. 6A
and B). Coculture of CCF1 cells with ME180 cells resulted in
PDGFRp degradation in CCF1 cells (Supplementary Fig. S6),
suggesting that the PDGFRP activation by the ligand produced

by ME180 cells was followed by ubiquitin-dependent degra-
dation (29). Furthermore, the expression of dnPDGFR, but
not that of dnEGFR, in CCF1 cells or MEF cells reduced the
enhanced proliferation of ME180 cells by coculture with CCF1
or MEF cells (Fig. 6C). These results indicate that PDGF-BB
does not contribute directly to ME180 cell growth but indi-
rectly stimulates ME180 cell growth by inducing fibroblasts to
produce HB-EGF. Fig. 6C also shows that dnEGFR expression
in fibroblasts did not inhibit the enhanced proliferation of
ME180 cells in coculture, confirming that EGFR ligands did
not directly cause the activation of CCF or MEF cells.

In addition to the induced expression of HB-EGF by PDGF,
HB-EGF also enhanced PDGF expression in ME180 cells. As
shown by Western blot analysis (Fig. 5C), PDGF-BB synthesis
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Figura 4. Induction of HB-EGF by cervical cancer cell CM. A, CM from the
indicated cell lines or CCF1 cells (control) were added to CCF1 cells and
incubated for 6 hours. HB-EGF mRNA expression in CCF1 cells was
measured by real-time quantitative reverse transcriptase PCR. B, CM from
ME180 cells or fresh medium (control) were added to CCF or ME180 cells
and incubated for 6 hours. C, time course of HB-EGF mRNA upregulation.
CM from CCF1 cells was used as a control. Bars show the mean + SD for
triplicate determinations. D, Western blotting detection of HB-EGF in
CCF1 cells. CCF1 cells were incubated with CM from ME180 cells or fresh
medium (control) for the indicated times. HB-EGF in cell lysates was
detected by Western blotting. CM from ME180 cells upregulated HB-EGF
synthesis. B-Actin was used as an internal loading control. *, P < 0.05.

in ME180 cells was enhanced when HB-EGF was added
to cultured ME180 cells. These results indicate that PDGF
secreted by ME180 cells induced HB-EGF expression in CCF1
cells, whereas HB-EGF produced by CCF1 cells enhanced
MEI180 cell proliferation and PDGF production. Thus,
ME180 cells and CCF cells stimulate one another reciprocally
through PDGF and HB-EGF expression (Fig. 7).

Discussion

Elevated levels of EGFR are associated with a poor prog-
nosis for patients with cervical cancer, suggesting that the
EGFR signaling pathway plays an important role in cancer
progression (30-32). Here, we focused on HB-EGF expression
and its growth-promoting activity in cervical cancer cells.
Immunohistochemical and laser microdissection analyses
revealed that HB-EGF was expressed in cancer-associated
stroma but not in cancer epithelial cells. HB-EGF accumulated
in CAF cells proximal to the cancer invasion front, although
other types of cells might also express HB-EGF. Therefore, we
investigated the role of stromal HB-EGF in cancer cell growth
using in vitro coculture assays. ME180 cell and CaSki-cell
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Figure 8. PDGF induces HB-EGF expression in CCF cells. A, CCF1 cells
were incubated with fresh medium or CM from ME180 cells for 6 hours in
the presence of PD173074 (2 umol/L), AGL2263 (10 umol/L), the TGFB RI
kinase (K} inhibitor Il (1 umol/L), or AG1285 (10 umol/L). B, various
subtypes of PDGF (5 ng/mL) were added to CCF1 cells and incubated for 6
hours. C, detection of PDGF-BB in ME180 cells by Western blotting.
ME180 cells were incubated with or without HB-EGF (5 ng/mL) for the
indicated periods, and cell lysates were subjected to immunoblotting.
D, the tumors were dissected, and tissue sections were stained with an
anti-PDGF-BB or anti-PDGFRp antibody. Hematoxylin and eosin (H&E)
staining (i), staining with an anti-PDGF-BB (i), and anti-PDGFR antibody
(ii)). FCS, fetal calf serum.
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Figure §. PDGFR inhibitors prevent enhanced proliferation of ME180
cells cocultured with CCF or MEF cells. A and B, AG1295 (A) and imatinib (B)
inhibited ME180 cell proliferation in cocultures with CCF1 cells. ME180 cells
were cocultured with CCF1 cells for 14 days in the presence of AG1295
(20 umol/L; A) or imatinib at the indicated concentrations (B). C, ME180 cells
(@ x 10% were cultured alone or with immortalized CCF1 (1 x 10°) or MEF
(1 x 105 cells infected with a control virus (mock), dnPDGFRB-expressing
virus, or dnEGFR-expressing virus for 1 week. *, P < 0.05; ***, P < 0.005.

effects were observed on protein synthesis in CCF1 cells and
ME180 cells at the concentration of CRM197 used here.
Growth promotion of ME180 cells was also observed by
coculture with MEF-HB™/* cells but not with MEF-HB™/~
cells. Thus, HB-EGF expressed in CCF or MEF cells promoted
ME180 cell proliferation in this coculture system. To the best
of our knowledge, this is the first report that HB-EGF
expressed in CAF promotes epithelial cancer cell growth.
Coinjection of CCF cells with ME180 cells enhanced tumor
formation by ME180 cells in an athymic nude mouse model.
Similarly, MEF-HB*'* cells enhanced the proliferation of
ME180 cells much more than MEF-HB /™ cells. These results
indicate that HB-EGF expressed in stromal cells enhances
cancer cell growth in vivo, consistent with the results of
our coculture assays. However, as HB-EGF is known to be
involved in tumor angiogenesis (34, 35), the growth-enhancing
effect of CCF or MEF cells in vivo might have been partly
caused by the indirect growth-promoting effect of HB-EGF via
neovascularization. ‘
Another point we stress is that cervical cancer cells can
produce a factor that induces HB-EGF synthesis in fibroblasts.
Because PDGF is expressed in cervical cancer cells, we suspect
that it is a candidate, although other factors may also con-
tribute to this process. PDGF did not induce cancer cell
growth itself but induced HB-EGF synthesis in CCF cells.
Consequently, AG1295 and imatinib inhibited tumor growth
by ME180 cells cocultured with CCF cells. Interestingly, ad-
dition of HB-EGF to ME180 cells in the absence of fibroblasts
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resulted in increased PDGF production. These results indicate
that cancer epithelial cells and stromal fibroblasts interact
reciprocally through PDGF and HB-EGF to form a positive
feedback loop. PDGF ligands produced by cancerous epithelial
cells stimulate the PDGFR-expressing stroma to upregulate
the synthesis of FGFs, thereby promoting angiogenesis and
epithelial-cell proliferation in a genetically-engineered mouse
model (5). Therefore, not just a single growth factor system,
but multiple systems could contribute to cancer-stroma
interactions in cervical cancers.

Immunohistochemistry indicated that HB-EGF was local-
ized at the stromal region proximal to the invasion front of
cancerous epithelia. HB-EGF enhances cell motility as well as
cell proliferation (11, 36), suggesting that HB-EGF contributes
to the invasion and metastasis of cancerous epithelia. Mem-
brane type 1 matrix metalloproteinase (MT1-MMP), which is
involved in the degradation of ECM proteins, is believed to
play an important role in cancer cell invasion and metastasis
(37). MT1-MMP is expressed in cervical cancer cells, and its
expression increases with cervical tumor progression (38).
Invasion assays in collagen gel cultures showed that an
EGF signal, in addition to MT1-MMP, is required for inducing
keratinocyte invasiveness. We previously reported that MT1-
MMP cleaves the N-terminal region of HB-EGF to convey
enhanced mitogenic activity (39). Therefore, such processing
of the N-terminal region of HB-EGF at the invasion front of
cancer cells by MT1-MMP could be a cause of cervical cancer
invasion.
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ARTICLE INFO ABSTRACT

Objectives. The aim of this study was to compare the treatment outcomes and adverse effects of radical
hysterectomy followed by adjuvant radiotherapy with definitive radiotherapy alone in patients with FIGO
stage 1IB cervical cancer.

Methods. We retrospectively reviewed the medical records of FIGO stage 1IB cervical cancer patients who
were treated between April 1996 and December 2009. During the study period, 95 patients were treated with
radical hysterectomy, all of which received adjuvant radiotherapy (surgery-based group). In addition, 94
patients received definitive radiotherapy alone (RT-based group). The recurrence rate, progression-free
survival (PFS), overall survival (0S), and treatment-related complications were compared between the two
groups.

Resuits. Radical hysterectomy followed by adjuvant radiotherapy resulted in comparable recurrence (44.2%
versus 41.5%, p=0.77), PFS (log-rank, p = 0.57), and OS rates (log-rank, p=0.41) to definitive radiotherapy
alone. The frequencies of acute grade 3-4 toxicities were similar between the two groups (24.2% versus 24.5%,
p=1.0), whereas the frequencies of grade 3-4 late toxicities were significantly higher in the surgery-based
group than in the RT-based group (24.1% versus 10.6%, p =0.048). Cox multivariate analyses demonstrated
that treatment with surgery followed by adjuvant radiotherapy was associated with an increased risk of grade
3-4 late toxicities, although the statistical significance of the difference was marginal (odds ratio 2.41, 95%CI
0.97-5.99, p=0.059).

Conclusions. Definitive radiotherapy was found to be a safer approach than radical hysterectomy followed by
postoperative radiotherapy with less treatment-related complications and comparable survival outcomes in
patients with FIGO stage [IB cervical cancer.

Article history:

Received 9 May 2011
Accepted 7 July 2011

Available online 6 August 2011

Keywords:

Cervical cancer

Radical hysterectomy
Definitive radiotherapy
FIGO stage 1IB

Survival

© 2011 Elsevier Inc. All rights reserved.

Introduction

Early stage cervical cancer (FIGO stage IB1-lIA) has been
effectively treated with radical hysterectomy or definitive radiother-
apy with similar survival outcomes [1-3]. In previous observational
studies and a randomized controlled trial, the 5-year survival rate of
patients with FIGO stage IB1-1IA cervical cancer treated with radical
surgery was reported to range from 83 to 91%, which is comparable to
the 74-91% reported for those treated with radiotherapy alone [1-3].
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One of the advantages of primary surgery is that it allows the
ovaries to be preserved and avoids early menopause. Primary surgery
may result in less shortening and fibrosis of the vagina compared with
definitive radiotherapy [1,4,5]. Another advantage of primary surgery
is that it avoids the long-term complications of radiotherapy in
patients who do not require postoperative adjuvant radiotherapy.

The advantage of definitive radiotherapy is that it can be administered
to obese elderly patients and patients with coexisting diseases for which a
surgical approach is usually contraindicated. Definitive radiotherapy also
avoids the risks associated with anesthesia, as well as the risk of mortality
and morbidity associated with surgery [4,5].

FIGO stage IIB cervical cancer is recognized as a locally advanced
disease. The National Comprehensive Cancer Network (NCCN) guide-
lines recommend cisplatin-based chemoradiotherapy as the primary
treatment for FIGO stage IIB disease [6]. According to a previous FIGO
annual report, 72% of patients with FIGO stage IIB cervical cancer were
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treated with definitive radiotherapy [ 7). However, in Japan, the majority
of patients with FIGO stage 1IB cervical cancer have been subjected to
radical hysterectomy, and only patients who declined surgery and those
with coexisting medical conditions have been treated with definitive
radiotherapy. In a previous report from the Japan Society of Obstetrics
and Gynecology (JSOG), 62.7% of FIGO stage IIB cervical cancer patients
received surgery-based therapy [4,8].

In the aforementioned FIGO annual report, the 5-year survival rate
of 232 FIGO stage IIB cervical cancer patients who were treated with
surgery followed by adjuvant radiotherapy was 64.3%, which was
comparable to the 64.2% observed in 1718 patients treated with
definitive radiotherapy and the 64.4% observed in 112 patients treated
with concurrent chemoradiotherapy (CCRT) [7]. Previous retrospec-
tive investigations showing the similar survival outcomes of the two
treatment modalities suggest that there is no definitive consensus for
the treatment of choice for patients with FIGO stage IIB cervical cancer
[7,9,10]. However, treatment-related complications, which may
inversely affect the patient's quality of life after cancer therapy are a
crucial consideration when deciding between two treatment modal-
ities with equivalent survival outcomes. As combined treatment with
radical hysterectomy plus adjuvant radiotherapy is associated with
significantly increased morbidity compared with surgical treatment
alone [11,12], definitive treatment with radiotherapy alone may be
beneficial for FIGO stage IIB cervical cancer patients who usually
require adjuvant radiotherapy after radical hysterectomy.

Due to the lack of randomized controlled trials comparing these
two treatment modalities, we are unable to determine which
treatment option is superior for FIGO stage IIB cervical cancer patients
at this point. Therefore, we retrospectively compared radical
hysterectomy plus postoperative radiotherapy with definitive radio-
therapy alone with regard to survival and treatment-related compli-
cations in patients with FIGO stage IIB cervical cancer.

Materials and methods
Patients

Approval for the data acquisition and analysis was obtained from the
Institutional Review Board of Osaka University Hospital and Osaka
Medical Center for Cancer and Cardiovascular Diseases. A list of patients
who were treated for FIGO stage IIB cervical cancer from April 1996 to
December 2009 was generated from each institutional tumor registry.
Then, patients who were treated with either radical hysterectomy
combined with adjuvant radiotherapy (surgery-based group, n=108)
or definitive radiotherapy alone (RT-based group, n=94) were
identified through a chart review, and their clinical information was
retrospectively reviewed. The patients were clinically staged according
to the FIGO staging system without general anesthesia. The pretreat-
ment work-up consisted of (i) an investigation of the patient's complete
medical history and a physical examination; (ii) a laboratory evaluation
including a complete blood count and biochemistry panels; and
(iii) radiological evaluations including a chest X-ray, computed
tomography (CT) of the abdomen and pelvis, and magnetic resonance
imaging (MRI). Intravenous pyelogram, cystoscopy, and rectosigmoido-
scopy were considered optional. Lymph nodes measuring 10 mm or
greater across their largest diameter on CT or MRI were defined as
metastatic nodes. Patients who had radiologic evidences of paraaortic
lymph nodes (PALN) or supraclavicular lymph nodes metastasis were
excluded from the analysis. Of the 108 patients in the surgery-based
group, 64 were included in previous studies [13,14].

Treatments
Surgery

All the patients in the surgery-based group were treated with
radical hysterectomy (type llI) and pelvic lymphadenectomy. The

lymphadenectomy procedure included complete bilateral pelvic
lymphadenectomy with the aim of removing all of the external iliac,
internal iliac, common iliac, obturator, suprainguinal, and presacral
lymph nodes.

Adjuvant radiotherapy

In our institutions, postoperative radiotherapy was indicated
when a patient's pathological report displayed any one of the
following “high-risk” prognostic factors: parametrial invasion, pelvic
lymph nodes metastases, or a positive margin in the hysterectomy
specimen, or the following “intermediate-risk” prognostic factors:
deep stromal invasion, lymphovascular space involvement, or a tumor
size of 4 cm or greater.

The patients were treated with external beam whole pelvic
radiotherapy plus concurrent platinum-based chemotherapy as
reported previously [13,14]. The patients who refused the use of
concurrent chemotherapy or who developed cervical cancer before
the introduction of CCRT were treated with pelvic radiotherapy alone.
Eighteen patients whose pathological reports revealed multiple pelvic
node metastases were treated with extended field radiotherapy
(EFRT) without concurrent chemotherapy, as reported previously
[14,15].

External beam radiotherapy (EBRT) was delivered from a linear
accelerator using the anteroposterior parallel opposing technique in
the settings of adjuvant therapy and definitive radiotherapy. The
superior margin of the external radiation field was located at the top
of the fifth lumber vertebra, and the inferior border of the obturator
foramen was used as the inferior margin. Laterally, the field extended
2 cm beyond the lateral margin of the bony pelvic wall. We used
multi-leaf collimators to block the upper and lower corners of the
radiation field [13]. The external irradiation was delivered to the
whole pelvis at 2 Gy per fraction in 5 fractions per week, for a total of
23 or 25 fractions (46 Gy or 50 Gy).

The radiation field encompassed the pelvic and PALN drainage
areas. The superior margin of the PALN area was located at the bottom
of the T12 vertebral body, and the inferior margin was located at the
inferior border of the obturator foramen. The lateral margin was
located 2 cm lateral of the widest margin of the bony pelvis [14]. The
external irradiation was delivered to the EFRT fields for a total of
45 Gy in 25 fractions, and to the whole pelvis at 1.8 Gy per fraction, for
a total of 28 fractions (50.4 Gy).

Ten patients that displayed vaginal invasion close to the surgical
margin received intracavitary radiotherapy (ICRT).

Definitive radiotherapy

The definitive radiotherapy consisted of pelvic external beam
radiotherapy (EBRT) plus concurrent chemotherapy followed by high
dose rate intracavitary brachytherapy (HDR-ICBT), as reported
previously [16]. The external irradiation was delivered to the whole
pelvis at 2 Gy per fraction for 5 fractions per week, for a total of 25
fractions (50 Gy). The pelvic radiation field was the same as that
employed for the adjuvant radiotherapy, but extended inferiorly in
cases involving vaginal invasion. A midline block (width at the
midline: 4 cm) was inserted into the lower central two-thirds of the
pelvic field after 30 Gy had been delivered. After adequate tumor
regression, HRD-ICBT was performed once a week during the course
of the EBRT using the centrally shielded field. Usually, the first HDR-
ICBT was applied after 30 Gy of EBRT. ICBT was administered to the
patients using a microSelectron HDR (Nucletron, Veenendaal, The
Netherlands). Vaginal packing was used to maximize the distances
from the source to the bladder wall and the rectal wall. The ICBT dose
was prescribed at Point A, which was defined as 2 cm above the
cervical os marker and 2 cm perpendicular to the uterine axis along
the plane of the uterus. The total planned dose for the HDR-ICBT was
28.8 or 30 Gy in four fractions.
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Concurrent chemotherapy

In our institutions, nedaplatin has been employed as a radio-
sensitizing agent for patients with cervical cancer [13,14,16].
Nedaplatin was given intravenously weekly or biweekly during the
course of pelvic EBRT, as reported previously in the settings of
adjuvant radiotherapy and definitive radiotherapy [13,14,16].

Follow-up

The patients were followed-up regularly by both gynecologic
oncologists and radiation oncologists as reported previously [17].
When recurrence was suspected, a biopsy was taken for confirmation
whenever possible. The median duration of follow-up was 44 months
(range: 6-168 months) in the surgery-based group, and 60 months
(range: 4-154 months) in the RT-based group.

Toxicity

Adverse effects that occurred within 90 days of the start of the
primary treatment were considered to be acute complications, and
those that occurred 90 days or later after the start of treatment were
considered to be late complications. The severity of acute and late
complications was classified according to the NCI Cancer Therapy
Evaluation Program Common Terminology Criteria for Adverse Events
(CTCAE), Version 2.0.

Statistical analysis

The differences between the two groups with respect to
categorical variables such as clinical stage, histology, parametrial
involvement, deep stromal invasion, and surgical margin status were
assessed with Fisher's exact test, and odds ratios and 95% confidence
intervals (95%Cl) were determined. Continuous variables such as age,
maximum tumor diameter, and the duration of radiotherapy were
analyzed with the Mann Whitney U test. Pretreatment hemoglobin
levels were compared using the Student's t test. Treatment related
toxicities were compared with Fisher's exact test. Survival curves
were computed using the Kaplan-Meier method, and the statistical
significance of differences in survival was determined with the Log-
rank test. Progression-free survival (PFS) was defined as the time
interval between the initial diagnosis and the detection of recurrence.
Overall survival (OS) was defined as the time interval between the
initial diagnosis and death or the latest observation. Multivariate
analysis of the significance of treatment modality was performed with
the logistic regression test for late adverse effect (expressed as the
odds ratio and 95%CI) and the Cox regression test for survival
outcomes (expressed as the hazard ratio and 95%Cl), respectively.
Intention-to-treat analysis was separately performed based on the
initial allocation of surgery with adjuvant radiotherapy versus
definitive radiotherapy alone. All statistical analyses were two-tailed,
and p-values of less than 0.05 were considered statistically significant.
The Statistical Package for Social Scientists (SPSS, version 18.0, IL) was
used for all the analyses.

Results
Patient characteristics

Among the 202 patients in the two groups who were eligible for
the retrospective analysis, 95 were treated with radical hysterectomy
combined with adjuvant chemoradiotherapy or radiotherapy accord-
ing to their pathological risk factors (surgery-based group) and 94
were treated with definitive radiotherapy or chemoradiotherapy
alone (RT-based group). The remaining 13 (6.4%) patients underwent
surgical treatment and displayed pathological risk factors; however,
they declined postoperative adjuvant radiotherapy (suboptimal

treatment group). We therefore analyzed a total of 189 patients in
the surgery-based group and RT-based group (Table 1). The
suboptimal treatment group was subsequently investigated in
separate analyses (intention-to-treat analysis), and the results are
shown in the supplemental tables and figures.

As shown in Table 1, in the surgery-based group, the mean age of
the patients was 51 years. Seventy-six patients (80%) had SCC, and 18
(20%) displayed non-SCC histology. The median tumor diameter was
40 mm. Fifty patients (52.6%) received postoperative concurrent
chemoradiotherapy (CCRT). Eleven patients (11.6%) showed radio-
logic evidence of lymphadenopathy, and 53 patients (55.8%) showed
histological evidence of pelvic node metastases. Among the 95
patients in the surgery-based group, 81 displayed pathological
evidence of parametrial involvement (14 were false positives). Thus,
the positive predictive value of pelvic examination for detecting
parametrial invasion was 85.3%.

In the RT-based group, the mean age of the patients was 63 years.
Eighty-two patients (87.2%) had SCC, and 18 (12.8%) had non-SCC
histology. The median tumor diameter was 44 mm. Thirty-four
patients (36.2%) were treated with CCRT. Twenty-six patients
(27.7%) showed radiologic evidence of lymphadenopathy.

When the surgery-based group was compared with the RT-based
group, there were no statistically significant differences in terms of
histological distribution, tumor diameter, or the pretreatment
hemoglobin level. However, the patients in the surgery-based group
were significantly younger than those in the RT-based group
(P<0.001). In addition, radiological evidence of lymphadenopathy
was more frequently observed in the RT-based group than in the
surgery-based group (p = 0.006).

Treatment outcome

As shown in Table 2, during the follow-up period, recurrence was
observed in 42 patients (44.2%) in the surgery-based group and 39
patients (41.5%) in the RT-based group. In the surgery-based group,
14 patients developed recurrence in the pelvis, 18 developed
recurrence in distant areas outside of the pelvis, and 10 patients
developed recurrence in both pelvic and distant areas. In the RT-based

Table 1
Patient characteristics.

Surgery+  Radiotherapy P-value
RT
Number of patients n=95 n=94
Age Mean (£SD)  51(£11.2) 63(£13.8) P<0.001
Histology ScC 76 (80%) 82 (87.2%) p=047
Aor AS 18 (18.9%) 11 (11.7%)
Others 1(1.1%) 1(1.1%)
Maximal tumor Median (mm) 40(20-100) 44 (10-80) p=0.47
diameter” )
Primary treatment Surgery*’F plus 45(474%) 0 p<0.001
RT
Surgery** plus 50 (52.6%) 0
CCRT
Definitive RT 0 60 (63.8%)
Definitive (0] 34 (36.2%)
CCRT
Pelvic node involvement Yes 11 (11.6%) 26 (27.7%) p=0.006
(Radiological evidence) No 84 (88.4%) 68 (72.3%)
Pretreatment hemoglobin  Mean (mg/dl) 118 (£12) 122(£15) p=0.16

ok
level

PORT, postoperative radiotherapy; RT, radiotherapy; CCRT, concurrent chemoradiotherapy;
SCC, squamous cell carcinoma; A, adenocarcinoma; AS, adenosquamous carcinoma.

* The maximal tumor diameter was measured three-dimensionally based on T2-
weighted images. The longest diameter was considered to represent the maximal tumor
diameter.

** Radical hysterectomy (Type III) plus pelvic lymphadenectomy.
*** Hemoglobin level just before the start of radiotherapy.
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Table 2
Treatment outcome.

Surgery +RT Radiotherapy P-value
Number of patients n=95 n=94
Patients with N (%) 42 (44.2%) 39 (41.5%) p=0.77
recurrence
Site of recurrence Pelvis 14 (14.7%) 12 (12.8%) p=057
Pelvis plus distant 10 (10.5%) 5(5.3%)
Distant 18 (18.9%) 22 (23.4%)
Total deaths N (%) 34 (35.8%) 33 (35.1%) p=0.64
Disease 33 (34/7%) 30 (31.6%)
Other 1(1.1%) 3(3.2%)

group, 12 patients developed recurrence in the pelvis, 22 patients
developed recurrence in distant areas outside of the pelvis, and 5
patients developed recurrence in both pelvic and distant areas. The
recurrence rate and pattern of recurrence did not differ between the
two treatment groups (p=0.77 and p = 0.57, respectively).

At the time of this report, 33 patients from the surgery-based
group (34.7%) had died due to cervical cancer, and 1 patient (1.1%)
had died due to another disease. In the RT-based group, 30 patients
(31.6%) died due to cervical cancer, and 3 patients (3.2%) died due to
other diseases. As shown in Fig. 1, although the surgery-based group
showed slightly less pelvic recurrence and higher survival rates, the
differences were not statistically significant; pelvic recurrence
(p=0.25), PFS (log-rank; p=0.57), and OS rates (log-rank;
p=0.41). The estimated 5-year overall survival rate in the surgery-
based group was 66.4%, which was comparable to the 68.3% observed
in the RT-based group (Fig. 1). Similar results were obtained in the
intention-to-treat analysis (Supplemental Fig. 1). As shown in Fig. 1,
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although the surgery group showed slightly higher survival rates, the
difference was not statistically significant (PFS: p =0.24; log-rank, OS:
p=0.25; log-rank). The pelvic recurrence rate was significantly lower in
the RT-based group than in the surgery group (Supplemental Fig. 1C).

After controlling for other variables in the multivariate analysis,
no significant difference in survival outcome was detected between
the patients in the surgery-based group and those in the RT-based
group (Table 3). Multivariate analysis also demonstrated that age,
histology, tumor diameter, pelvic node metastasis, and the duration
of radiotherapy were significant prognostic factors for both PFS and
0S.

Similarly, in a multivariate analysis of the intention-to-treat
groups, no significant difference in survival outcome was detected
between the patients in the surgery group and those in the RT-based
group (Supplemental Table 3).

Adverse effects

No treatment-related deaths were reported. Among the 95

i patients in the surgery-based group, 23 (24.2%) patients suffered

grade 3 or 4 acute toxicities: 18 patients had neutropenia and 2
patients developed small bowel obstruction (SBO), both of which
were treated conservatively; one patient developed bladder perfora-
tion requiring urinary diversion; one patient had severe diarrhea; and
one patient developed a large infected lymphocyst accompanied by
serious pain (Table 4). Among the 94 patients who were treated with
definitive radiotherapy, 23 patients (24.5%) suffered grade 3 or 4
acute toxicities: 21 patients developed neutropenia, one patient
developed anemia, and one patient developed diarrhea. All reported

ve)

------ Radiotherapy alone

Proportion of overall survival

—— Surgery + Radiotherapy

0o 2 4 6 8 10 12 14
Time (year)

Fig. 1. A: Progression free survival among patients in the surgery-based group and RT-based group. The progression free survival rate in the surgery-based group was similar to that
in the RT-based group (log-rank, p = 0.57). B: Overall survival in the surgery-based group and RT-based group. The overall survival rate in the surgery-based group was similar to
that in the RT-based group (log-rank, p=0.41). C: Cumulative pelvic recurrence rate among patients in the surgery-based group and RT-based group. The pelvic recurrence rate was

similar among the two groups (log-rank, p=0.25).
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Table 3
Multivariate analysis for survival outcome.

Progression-free Overall survival

survival
HR (95%CI)  P-value HR(95%CI)  P-value
Age (>50 versus <50) 0.60 (.036- 0.046 057 (0.33- p=0.045
0.99) 0.99)
Histology (SCC versus non- 0.55 (0.31- 0.039 0.64 (0.33- p=0.17
SCC) 0.97) 1.22)
Maximum tumor diameter 1.83 (1.05- 0.032 1.39 (0.76- p=0.28
(=4 cm versus <4 cm) 3.18) 2.54)
Pelvic node metastasis 333 (2.00- <0.001 272(1.53- p<0.001
(yes versus no) 5.56) 4.83)
Pre-RT hemoglobin (<11 g/dL  0.91 (0.54- 0.72 0.83 (0.46- p=0.53
versus =11 g/dL) 1.52) 1.50)
RT duration (continuous) 1.03 (1.00- 0.041 1.04 (1.00- p=0.023
1.06) 1.07)
Treatment (surgery + RT versus 0.75 (0.44- 0.27 0.94 (052~ p=0.83
RT alone) 1.25) 1.68)

Cox proportional hazard regression test, HR: hazard ratio, 95%Cl: 95% confidence
interval, SCC: squamous cell carcinoma, RT: radiotherapy.

grade 3-4 acute toxicities were manageable with conservative
treatment. The frequencies of acute grade 3-4 toxicities were similar
between the two treatment groups (p=1.0).

Among a total of 189 patients, 31 patients (16.4%) developed grade
3-4 late toxicities. Of these, SBO and lymphedema were the two most
common late toxicities. In the surgery-based group, grade 3-4 late
toxicities were observed in 21 patients (22.1%). Eleven patients
developed SBO (four were treated surgically and seven were treated
conservatively), Five patients developed lymphedema, and one
patient developed a large infected lymphocyst. Bladder dysfunction,
bladder perforation, and hydronephrosis were observed in 1, 1, and 2
patients, respectively.

In the RT-based group, grade 3-4 late toxicities were observed in
10 patients (10.6%). One patient developed SBO 4 months after the
completion of radiotherapy, which required surgical intervention.
Lymphedema was observed in two patients. Small intestinal perfo-
ration, enterocolitis, and bone fractures were observed in 2, 3, and 2
patients, respectively.

Table 4
Grade 3-4 acute and late toxicities.
Surgery+ Definitive P-value
RT RT
Number of n=95 n=94
patients
Grade 3-4 acute N (%) 23(24.2%) 23(245%) p=10
toxicity Neutropenia 18 (18.9%) 21(22.3%)
Anemia 0 1(1.1%)
Small bowel obstruction 2 (2.1%) 0
Diarrhea 1(1.1%) 1(1.1%)
Bladder perforation 1(1.1%) 0
Lymphocyst 1(1.1%) 0
Grade 3-4 late N (%) 21(22.1%) 10(10.6%) p=0.048
toxicity Small bowel obstruction 11(11.6%) 1(1.1%)
Small intestinal 0 2 (2.1%)
perforation
Enterocolitis 0 3(3.2%)
Bladder dysfunction 1(1.1%) 0
Bladder perforation 1(1.1%) 0
Hydronephrosis 2(2.1%) 0
Lymphocyst 1(1.1%) 0
Lymphedema 5 (5.3%) 2 (2.1%)
Fracture 0 2 (2.1%)

RT, radiotherapy.

When the two groups were compared, the frequencies of late
grade 3-4 toxicities were significantly higher in the surgery-based
group than in the RT-based group (p=0.048).

As shown in Table 5, surgery-based therapy was associated with an
increased risk of grade 3-4 late toxicities, although the statistical
significance of the difference was marginal (odds ratio: 2.41, 95%CI:
0.97-5.99, p=0.059).

Similar results were obtained in the intention-to-treat analysis.
The frequencies of grade 3-4 late toxicities were higher in the surgery
group than in the RT-based group, although the statistical significance
of the difference was marginal (p=0.056) (Supplemental Table 4).
Moreover, in multivariate analysis, surgery-based therapy was
associated with an increased risk of grade 3-4 late toxicities (odds
ratio: 2.45, 95%Cl: 1.03-5.86, p=0.043) (Supplemental Table 5).

Discussion

In previous observational studies, the 5-year survival rates of
patients with FIGO stage IIB cervical cancer who were treated with
radical surgery were reported to range from 64 to 69%, which is
comparable to those treated with definitive radiotherapy (64-69%)
[7,9]. Although these studies were retrospective, they indicate that
radical surgery and definitive radiotherapy are equally efficacious for
FIGO stage IIB cervical cancer in terms of survival outcome [7,9].

However, in the current study, the rate of severe late complications
in the surgery-based group was significantly higher than that
observed in the RT-based group (22.1% versus 10.6%, p=0.048). In
our patients, SBO and lymphedema were the two most common late
toxicities. The incidences of severe SBO and severe lymphedema in the
two treatment groups were consistent with those of previous reports
[9-12,18,19]. Most SBO and lymphedema in our patients developed in
the first 4 years; however, one patient developed serious lymphedema
8 years after the completion of adjuvant radiotherapy. As previous
reports suggested that both SBO [20] and lymphedema [21] can
develop more than 10years after the completion of adjuvant
radiotherapy, patients should be informed about the lifelong risk of
these complications before the initial surgery, and careful post-
treatment follow-up is required to reduce the necessity of major
interventions.

The risk factors for the development of severe late toxicities have
been investigated in several retrospective studies [18-20,22]. In
cervical cancer patients treated with radical hysterectomy, the
addition of adjuvant radiotherapy, age, radiation dose fraction, and
prior abdominal surgery has been reported to be risk factors for SBO

Table 5
Multivariate analysis for Grade 3-4 late adverse effects.
Proportion Odds ratio P-value
(%) (95%CI)
Age (>50 versus <50) 14.8 versus 0.73 (0.29~ p=05
21.3% 1.82)
Histology (SCC versus non-SCC) 14.6 versus 0.58 (0.22~ p=028
25.8% 1.55)
Maximum tumor diameter (=4 cm 15.9 versus 0.92 (0.38- p=0.86
versus <4 cm) 17.5% 2.25)
Pelvic node metastasis (yes versus 15.2 versus 0.66 (0.27~ p=036
no) 17.3% 1.62)
Pre-RT hemoglobin (<11 g/dL versus 16.7 versus 1.14 (042~ p=038
>11 g/dL) 16.3% 3.08)
RT duration (continuous) 0.99 (0.04- p=038
1.05)
Treatment (surgery -+ RT versus RT 22.1 versus 2.41(0.97~ p=0.059
alone) 10.6% 5.99)
Early adverse effects (yes versus no)  10.9 versus 0.53 (0.18- p=024
18.2% 1.53)

Logistic regression test. 95%Cl: 95% confidence interval, SCC: squamous cell carcinoma,
and RT: radiation therapy.
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[19,20,22]. The following predictive factors that increase the risk of
severe lymphedema after radical hysterectomy have also been
reported: adjuvant radiotherapy, age, the number of lymph nodes
examined, and the patient's build [18]. In our study, surgery with
adjuvant radiotherapy was the only factor associated with an
increased risk of grade 3-4 late toxicity, although the statistical
significance of this increase was marginal (p=10.059).

Patients with FIGO stage IIB cervical cancer usually exhibit high-
risk pathological factors such as positive pelvic nodes, parametrial
invasion, or a positive surgical margin; thus, postoperative adjuvant
radiotherapy is inevitable in this population. Therefore, opting for
definitive radiotherapy instead of radical surgery, especially in
patients with the abovementioned risk factors for the development
of severe late toxicities, will provide a better quality of life after the
completion of treatment.

Considering the relatively high incidence of severe late complica-
tions observed in both treatment groups in the current study, further
efforts need to be made to reduce the incidences of these
complications. One possible strategy is the use of more conformal
dose distributions with intensity-modulated radiation therapy (IMRT)
[23]. Clinical trials of IMRT in the settings of adjuvant radiotherapy
and definitive radiotherapy for stage 1IB disease need to be conducted
in the future.

In our patients, despite the intensive treatments administered, a
significant number of patients still suffered recurrence and died of
their disease in both the surgery-based and RT-based groups. Of a
total of 189 patients in the surgery-based group or RT-based group, 27
developed PALN recurrence. Of these, 11 suffered an isolated PALN
relapse. In the surgery-based group, all patients who developed PALN
recurrence displayed evidence of pelvic node metastasis in patholog-
ical examinations of surgical specimens. The mean number of pelvic
node metastases in patients who developed PALN recurrence was 2,
which was significantly greater than the 1.28 observed in patients
without PALN recurrence (p=20.002). In addition, the PALN recur-
rence rate in patients with pathological evidence of pelvic node
metastasis was significantly higher than those without pathological
evidence of pelvic node metastasis (25% versus 0%, p=0.0015). A
similar result was obtained for patients in the RT-based group. The
PALN recurrence rate in patients with radiological evidence of pelvic
node metastasis was higher than those without radiological evidence
of pelvic node metastasis, although the statistical significance of the
difference was marginal (30.8% versus 10.3%, p =0.07). Collectively,
these results indicate that radiological or pathological evidence of
pelvic node metastasis is a promising indicator of PALN recurrence. To
prevent this pattern of recurrence and eventually improve patient
survival, novel treatments such as extended-field IMRT combined
with concurrent chemotherapy need to be investigated in the settings
of adjuvant and definitive radiotherapy for patients who are at high-
risk of PALN recurrence in future clinical trials.

In the current study, age, tumor diameter, pelvic node involvement,
and the duration of radiotherapy were identified as significant
prognostic factors for survival (Table 3). Our results were consistent
with those of previous investigations in which pelvic node status [9,24],
parametrial involvement [9], and tumor size [25] were identified as
prognostic factors for survival in patients with FIGO stage IIB cervical
cancer. Thus, the development of new treatment strategies for patients
with known risk factors for survival is urgently needed. For this purpose,
novel treatments such as the use of new cytotoxic and/or biologic agents
as radiosensitizers, the addition of consolidation chemotherapy after
postoperative adjuvant radiotherapy or definitive radiotherapy should
be investigated in future clinical trials.

The limitations of our study need to be addressed. Due to its
retrospective nature, potential confounding biases may have been
missed in the analysis, such as the selection bias introduced by
physicians in determining which patients should be considered for
radical surgery plus adjuvant radiotherapy. In our study, the patients

in the surgery-based group were significantly younger and displayed
less radiological evidence of pelvic node metastasis than those in the
RT-based group, indicating that more patients with favorable
prognoses were allocated to the surgery-based group than the RT-
based group. There are several possible explanations for this. In our
institutions, surgery is preferred for the treatment of younger cervical
cancer patients with a concept of avoiding late radiation toxicities and
reductions in sexual function. In addition, the choice of treatment
might have been influenced by the specialty training of the surgeons,
as reported in the USA [26]. Moreover, the educational level and/or
the socio-economical status of the patients might also have affected
the treatment selection. These potential biases can only be eliminated
in a prospective randomized controlled study.

In conclusion, definitive radiotherapy is a safer approach than radical
hysterectomy followed by postoperative radiotherapy; i.e. it is associ-
ated with less treatment-related complications and comparable survival
outcomes, in patients with FIGO stage [IB cervical cancer. To convincingly
demonstrate the superiority of surgical approaches in this patient
population, the survival outcome, the frequency of treatment-related
complications, and the patient's quality of life should be compared
between the two treatment modalities in a randomized controlled trial.

Supplementary materials related to this article can be found online
at doi:10.1016/j.ygyno.2011.07.009.
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ORIGINAL STUDY

Intraoperative Frozen Section Assessment of Myometrial
Invasion and Histology of Endometrial Cancer Using
the Revised FIGO Staging System
Hiromi Ugaki, MD,* Toshihiro Kimura, MD, PhD,* Takashi Miyatake, MD, PhD,*

Yutaka Ueda, MD, PhD,* Kiyoshi Yoshino, MD, PhD,* Shinya Matsuzaki, MD,*
Masami Fujita, MD, PhD,* Tadashi Kimura, MD, PhD,* Eiichi Morii, MD, PhD,¥

and Takayuki Enomoto, MD, PhD*

Objectives: The objective of this study was to assess the value of intraoperative frozen
section (IFS) diagnosis for myometrial invasion and histology of endometrial cancer using
the revised International Federation of Gynecology and Obstetrics (FIGO) staging system.
Methods: The medical records of 303 patients with endometrial cancer who underwent
surgery with intraoperative diagnosis at the Osaka University Hospital between January
1999 and December 2008 were reviewed. Intraoperative frozen section diagnosis was ret-
rospectively analyzed for the accuracy rates of myometrial invasion and histology compared
with the final diagnosis and with preoperative prediction by magnetic resonance imaging
(MRI) and endometrial curettage.

Results: When using the previous FIGO staging system, the accuracy rate of IFS for the
diagnosis of myometrial invasion was 77%, whereas the accuracy rate of preoperative
prediction by MRI was 54%. However, using the newly revised FIGO staging system for
myometrial invasion, the accuracy rate of IFS was 87% and the preoperative prediction by
MRI was 82%. The accuracy rate of IFS for the diagnosis of histology was 71%, whereas
the accuracy rate of preoperative prediction by endometrial curettage was 68%.
Conclusion: Although under the previous FIGO staging system IFS diagnosis was sig-
nificantly more accurate than preoperative prediction by MRI, when using the newly revised
FIGO staging system, there are no significant differences between the values of preoperative
and intraoperative diagnoses. The accuracy of IFS, however, trends to be slightly better than
the preoperative procedures of MRI and endometrial surface biopsy. Thus, IFS diagnosis is
still useful for directing primary operative management.

Key Words: Endometrial cancer, Intraoperative frozen section, Revised FIGO staging
system
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E ndometrial carcinoma is a common gynecological cancer,
and its incidence has been increasing during the last 3
decades. Early-stage endometrial adenocarcinoma of the

uterine corpus is treated by surgical approaches such as total
abdominal hysterectomy and bilateral salpingooophorectomy.
This approach is the basic treatment of early-stage endometrial
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cancer, but it is not considered adequate in all cases. According

to the Study in the Treatment of Endometrial Cancer reported

in 2009, there was no evidence of any benefit for systematic
lymphadenectomy for endometrial cancer in overall, disease-
specific, or recurrence-free survival.' However, the necessity
for additional pelvic and para-aortic lymphadenectomy is still
controversial because determining their involvement is still
necessary for staging.

Creaseman et al’> demonstrated that the incidence
of lymph node metastasis increases with tumor grade, depth of
myometrial invasion, cervical or adnexal involvement, lym-
phovascular invasion, and poor histological types. Patients with
well-differentiated tumors or minimal to no myometrial inva-
sion are considered to be at low risk, and a staging lympha-
denectomy is often not performed. For patients with moderate
to poorly differentiated tumors and myometrial invasion, the
reported incidence of pelvic lymph node metastasis ranges
from 5% to 34%; likewise, the incidence of para-aortic nodal
involvement is 5% to 25%. For these reasons, lymphade-
nectomy is important for exact staging of the disease and for
estimating the prognosis of intermediate high-risk disease,
and has thus been evaluated in several studies. In addition,
some authors have suggested that an extended nodal dis-
section results in better survival,>* at least for intermediate-
risk patients. And recently, Todo et al’ found that para-aortic
lymphadenectomy has survival benefits for patients at in-
termediate or high risk of recurrence, and that pelvic lym-
phadenectomy alone might be an insufficient surgical
procedure for endometrial cancer in patients at risk of lymph
node metastasis.

However, there are currently no major guidelines for
surgical risk assessment in endometrial cancer.

In 1988, the International Federation of Gynecology
and Obstetrics (FIGO) changed their method of staging of
endometrial cancer from a clinical to a surgical approach,
largely owing to the realization of the prognostic impor-
tance of intraoperative findings. Most studies that have
ascertained the accuracy of intraoperative frozen section
(IFS) analysis in stage I endometrial disease have found a
good correlation with the final pathological diagnosis.®™
Based on these publications, IFS seems to be effective at
identifying low-risk patients who can be spared from ag-
gressive surgical staging, in contrast to the extreme surgical
needs of intermediate high-risk patients. Intraoperative
frozen section has been the standard procedure at our in-

TABLE 1. Accuracy rate of preoperative and frozen
section diagnosis using previous FIGO staging system

Curettage Frozen

or D&C MRI Section
Histological type, % 68 71
Depth of myometrial 54 77

invasion, %

D&C, dilatation and curettage.

© 2011 IGCS and ESGO

TABLE 2. Comparison of MRl and paraffin section
diagnosis for myometrial invasion of endometrial
carcinoma in the revised FIGO staging system

Permanent Section

<12 =1/2 Total
=2 <172 195 23 218
= 21/2 30 55 85
Total 225 78 303

stitution since the late 1990s for identifying low- or inter-
mediate high-risk endometrial cancers.

The aim of our current retrospective analysis was to
evaluate the accuracy of our IFS diagnosis to determine
whether IFS is still a reliable tool for directing the surgical
management of patients with endometrial cancer, compared
to emerging preoperative evaluations. Since a newly revised
staging was published by FIGO in 2009, we compared the
effects of using the 2 different staging methodologies with
that in previous reports.

MATERIALS AND METHODS

The medical records of women with endometrial cancer
treated at the Department of Obstetrics and Gynecology of
Osaka University Hospital between January in 1999 and
December in 2008 were reviewed to determine the accuracy of
their IFS diagnosis. All staged cases were included in this
retrospective study. Patients with non—-endometrial cancer of
the uterus were excluded. During this 10-year period, 414
women with endometrial cancer were surgically treated. For
303 of these patients, an IFS was done; the medical records
and histological diagnosis of these 303 cases were reviewed
and included in our analysis. Intraoperative frozen section
was not performed in cases where it was deemed likely to
have an inconsequential influence on subsequent patient
treatment, that is, in elderly and highly morbid patients, in
cases of macroscopic lymph node metastasis, or in cases of
endometrial cancer unexpectedly diagnosed only later at
final pathology.

After gross examination, IFS was performed from the
area that seemed to show the deepest myometrial invasion of
the corpus. One or two slides were then microscopically
examined by a single pathologist. Formalin-fixed, paraffin-
embedded sections were made in parallel, which were deci-
sive for postsurgical definitive diagnosis.

Accurate IFS was defined as having concordance be-
tween the frozen section report and the final report on the
fixed section. The accuracy of the preoperative diagnosis was
also compared with the final diagnosis. Preoperative diagno-
sis is determined histologically from dilatation and curettage
or biopsy material. Myometrial invasion depth was analyzed
by magnetic resonance imaging (MRI). We compared our pre-
operative tests, IFS, and permanent section results using both
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TABLE 3. Comparison of frozen and paraffin section
diagnosis for myometrial invasion of endometrial
carcinoma in the revised FIGO staging system

Permanent Section

TABLE 5. Accuracy rate of MRI and frozen section
diagnosis using the revised FIGO staging system

MRI

Depth of myometrial invasion 82 87
(revised), %

Frozen Section

. <12 =11 Total
g <1 205 18 223
& 212 8 60 63
e NTI 12 0 12
= Total 225 78 303

NTI, no tumor involvement.

the previous and recently revised FIGO staging systems. We
used the ¥ test for our statistical analysis.

RESULTS

Between 1999 and 2008, 414 women with uterine
cancer had under surgical treatment at our Department. An
IFS was performed in 303 of the cases; these were considered
eligible for the present investigation. The details are shown
in supplemental Tables 1-4 (http://links.lww.com/IGC/A46).

According to the final histopathological evaluation, most
of the tumors, 92%, were classified as endometrioid adeno-
carcinoma. Histological subtypes associated with poor prog-
nosis, serous adenocarcinoma and clear cell adenocarcinoma,
were diagnosed in 4% and 2% of the patients, respectively.
The other 2% was the total of mucinous adenocarcinoma and
undifferentiated adenocarcinoma. Histopathological grading
was grades 1, 2, and 3 in 43%, 32%, and 16% of the cases,
respectively.

Table 1 shows the accuracy rate of preoperative and
frozen section diagnosis for histological type and depth of
myometrial invasion. The accuracy rate of histological types
of preoperative diagnosis and of IFS was 68% (207/303) and
71% (215/303), respectively (P = 0.7998). There was no
significant difference between the accuracy rate of diagnosis
for histology on preoperative diagnosis and on frozen section
diagnosis.

With regard to myometrial invasion, the accuracy rate
of MRI was 54% (164/303). However, the accuracy rate of
IFS was 77% (232/303). There was a significant difference
between MRI and frozen section (P < 0.0001).

The underdiagnosis rates of preoperative MRI and IFS
diagnosis were 34% (102/303) and 15% (46/303), respec-
tively. On the other hand, the overdiagnosis rates of preop-

TABLE 4. Total (histology and myometrial invasion)
accuracy of previous versus revised FIGO staging

Frozen

Preoperative Section
Previous staging accuracy, % 37 56
Revised staging accuracy, % 58 65

erative MRI diagnosis and IFS were 12% (37/303) and 4%
(13/303), respectively. By frozen section, there were 12 cases
in which no tumor involvement was detected.

Using the old FIGO staging system, the complete ac-
curacy rate, which means an exact diagnosis of histology and
depth of myometrial invasion was given, was 37% (117/303)
for preoperative diagnosis and 56% (170/303) for IFS, re-
spectively, which indicated that there was a significant dif-
ference between the accuracy of the 2 methods (P < 0.0001,
Table 4).

Next, using the newly revised FIGO staging system, we
evaluated how well myometrial invasion was detected by
preoperative MRI versus IFS by comparing to permanent
sections (Tables 2 and 3). The accuracy rate for preoperative
MRI was 82%, and for IFS, it was slightly better, 87%, but
this difference was not statistically significant (P = 0.8346)
(Table 5). Likewise, the complete accuracy, namely, the his-
tology concordant with depth of myometrial invasion, of pre-
operative diagnosis and frozen section, were 58% (176/303)
and 65% (199/303), respectively (Table 5), with no significant
difference between MRI and IFS (P = 0.3582). These accuracy
rates improved 21% for preoperative diagnosis and 9% for
IFS, respectively, from the old FIGO staging system.

Meanwhile, there were 113 cases of call discrepancy
between the IFS diagnosis and the permanent slide diagnosis.
The IFS and permanent diagnosis slides of these cases were
reexamined by another pathologist under blinded conditions.
We have deduced that the discrepancies were evenly split be-
tween 2 causes; they were based on tissue sampling errors in 56
of the cases and on pathologist error in the remaining 57 cases
(supplemental Table 5, http:/links.lww.com/IGC/A46).

DISCUSSION

There have been several reports regarding the accuracy
of IFS diagnosis, such as those reports shown in Table 6. For
the grade of endometrioid carcinoma in past reports, the ac-
curacy rate ranged relatively widely: from 68% to 96%.

TABLE 6. Accuracy of IFS diagnosis

Myometrial
First Author Year N  Invasion, % Grade, %
Zorlu et al'® 1993 59 90 92
Noumoffetal® 1991 60 72 68
Fanning etal’ 1990 216 95 96
Malviya et al'' 1989 55 97 95
This study 303 87 71
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