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Abstract

Aim: We examined the correlations between the pretreatment values of four tumor markers (squamous cell
carcinoma [SCCJ-antigen, carcinoembryonic antigen [CEA], carbohydrate antigen [CA]19-9, and CA125) and
postsurgical high-risk factors (parametrial involvement and positive pelvic lymph nodes) in women with SCC
of the uterine cervix who had International Federation of Gynecology and Obstetrics clinical stage IB and ITA
disease and underwent radical hysterectomy.

Material and Methods: In this retrospective study, we reviewed 291 patients between April 1989 and Decem-
ber 2008. The first 200 subjects, studied between 1989 and 2001, served as the training set, and another
91 subjects, studied between 2002 and 2008, comprised the test set. To evaluate the correlations between
pretreatment tumor markers and postsurgical high-risk factors, the y*test and logistic regression analysis were
used for univariate and multivariate analysis, respectively.

Results: Multivariate analysis with receiver—operator curves showed that the combination of SCC-antigen,
CEA, and CA19-9 strongly predicted postsurgical high-risk factors. Analysis of the training set showed that
66.7% (95% confidence interval, 52.6-84.8%) of patients who tested positive for at least two of these three tumor
markers had postsurgical high-risk factors. Similar results were obtained with the test set.

Conclusions: Preoperative levels of SCC-antigen, CEA, and CA19-9 are useful for predicting the status of
postsurgical high-risk factors in women with SCC of the uterine cervix who undergo radical hysterectomy.
Key words: prognostic factor, receiver—operator curve, squamous cell carcinoma, tumor marker, uterine
cervical cancer.

Introduction involvement and positive pelvic lymph nodes are con-
sidered to indicate a particularly high postsurgical
Various pathological prognostic factors have been pro- risk.”® The ability to more accurately predict postsur-

posed in women with early stage uterine cervical  gical high-risk factors before therapy would facilitate
cancer who undergo radical hysterectomy. Parametrial =~ prognosis in individual patients. Several circulating
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tumor markers have been proposed as predictors
of outcomes.*® The usefulness of these markers
remains uncertain; however, squamous cell carcinoma
(SCC)-ag levels are widely used to monitor recurrence
in women with SCC of the uterine cervix.” We studied
the correlation between the pretreatment status of four
tumor markers and the postsurgical status of high-risk
factors in women with uterine cervical SCC who
underwent radical hysterectomy.

Methods

Patients

From April 1989 through December 2008, 301 patients
with International Federation of Gynecology and
Obstetrics (FIGO) stage IB or IIA SCC of the uterine
cervix (245 with FIGO stage IB disease and 46 with
stage ITA disease) underwent radical hysterectomy
with pelvic lymphadenectomy (Class III of the Piver—
Rutledge classification) at the Division of Gynecology,
National Cancer Center Hospital, Tokyo, Japan. Sys-
temic lymphadenectomy, including inguinal, external
iliac, internal iliac obturator and common iliac lymph
nodes, was performed and all lymph nodes were sub-
mitted for pathological examination. Ten (3.0%) of
these patients were excluded from analysis because
three or fewer tumor markers were measured, and the
remaining 291 patients were retrospectively evaluated.
These patients were divided into a training set (200
patients; 162 with FIGO stage IB disease and 38 with
stage ITA disease), studied from April 1989 through
December 2001, and a test set (91 patients; 83 with
FIGO stage IB disease and eight with stage ITA disease),
studied from January 2002 through December 2008. In
accordance with the treatment policy of our hospital,
patients with histologically proven positive pelvic
lymph nodes or parametrial involvement additionally
received postoperative adjuvant radiotherapy. All
tumors were staged according to the FIGO clinical
staging system (1994) for cervical cancer, based on the
results of physical examination, chest radiography,
drip infusion pyelography, and cystoscopy. To examine
the influence of tumor markers on postsurgical high-
risk factors, serum levels of SCC-antigen (SCC-ag), car-
cinoembryonic antigen (CEA), carbohydrate antigen
(CA)19-9, and CAI125 were measured in the 200
patients in the training set.

Postsurgical risk was classified as high in patients
who had parametrial involvement, positive pelvic
lymph nodes, or both, and low in patients who had
none of these prognostic factors.

© 2012 The Authors
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Laboratory analysis

All serum samples were routinely analyzed before
operation by the central laboratory in our hospital.
In patients who underwent conization, peripheral
blood samples were also obtained before the proce-
dure. CEA, CA125, CA19-9, and SCC-ag were mea-
sured by enzyme immunoassay. The cut-off levels
recommended by the manufacturers of the test kits
were used, that is, 5 ng/mL for CEA, 35 U/mL for
CA125, 37 U/mL for CA19-9, and 1.5ng/mL for
SCC-ag.

Pathological evaluation

Tissue sections stained with hematoxylin—eosin were
examined to establish the histopathological diagnosis.
Parameirial invasion was defined as tumor in parame-
trial tissues, including direct invasion and lympho-
vascular spread. Lymph node metastasis in the
parametrium was included in positive pelvic lymph
nodes in the present study. Lymphovascular involve-
ment was defined as the presence of tumor cells in the
luminal space lined by flattened endothelial cells. The
depth of cervical stromal invasion was classified as
=two-thirds or >two-thirds.

Statistical analysis

To assess the correlation between tumor markers and
postsurgical risk, the y*test and logistic regression
analysis were used for univariate and multivariate
analyses, respectively. Significant factors on univariate
analysis were included in multivariate analysis. To
evaluate the predictive value of tumor markers, the
areas under receiver—operator curves (AUC) were esti-
mated using a logistic regression model, in which
tumor markers were analyzed as variables according to
the cut-off levels recommended by the manufacturers.
The combination of tumor markers with highest AUC
was retested in the test set.

In the training set, 5-year survival rates and 95%
confidence intervals (CI) were calculated by the
Kaplan-Meier method. Deaths from any other causes
and loss to follow-up were treated as censored data for
survival analysis. The log-rank test was used to detect
the differences in survival curves among different
subgroups.

All statistical analyses were performed using sas,
version 9.1.3. All P-values were two-sided, and
P-values of less than 0.05 were considered to indicate
statistical significance.
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Table 1 Characteristics of patients in the training set and test set

Factor Training set Test set
Number of % Number of %
patients patients

Total 200 w0 91 100

FIGO stage

B 162 81 8 91

oA 38 19 8 9
Age

<46 102 51 48 53

=46 98 49 43 47
Pathological stage

pT 1b 132 66 62 68

2a 46 23 14 15
2b 22 11 15 17

Tumor diameter

=4cm 151 755 79 86.8

>4 cm 49 245 12 132
Cervical stromal invasion

<2/3 87 435 45 49.5

=2/3 113 565 46 50.5
Lymphovascular space involvement

Absent 64 32 33 36.3

Present 136 68 58 63.7
Postsurgical high-risk factors 53 265 25 275

Only parametrial invasion 5 25 7 77

Only positive pelvic lymph nodes 31 155 10 1

Parametrial invasion and positive 17 85 8 8.8

pelvic lymph nodes

FIGO, International Federation of Gynecology and Obstetrics.

Results

Table 1 shows the patients’ characteristics in the train-
ing set and the test set. In the training set, 53 (26.5%)
patients had postsurgical high-risk factors: five (2.5%)
had only parametrial invasion, 31 (15.5%) had only
positive pelvic lymph nodes, and 17 (8.5%) had
parametrial invasion plus positive pelvic lymph nodes.
In the test set, 25 (27.5%) patients had postsurgical
high-risk factors: seven (7.7%) had only parametrial
invasion, 10 (11.0%) had only positive pelvic lymph
nodes, and eight (8.8%) had parametrial invasion plus
positive pelvic lymph nodes.

Univariate and multivariate analyses of the training
set showed that the four tumor markers (SCC-ag,
CEA, CA19-9, and CA125) significantly correlated with
postsurgical high-risk factors (Tables 2, 3). Four tumor
markers (SCC, CEA, CA19-9, and CA125) were ana-
lyzed on multivariate analysis in Table 3.

Table 4 shows the AUC values of preoperative SCC-
ag, CEA, CA19-9, and CA125 for predicting postsurgi-
cal high-risk factors in the training set. The combination
of SCC-ag, CEA, and CA19-9 wasrelated to postsurgical
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high-risk factors as strongly as was the combination
of SCC-ag, CEA, CA19-9, and CA125 (Table 4). The
estimated logistic regression model on ROC analysis
was as follows: log odds=-5.15 + 0.80*[(SCC-ag =
1.5 ng/mL) + 1.27*I(CEA = 5.0 ng/mL) + 1.24*1(CA19-
9 = 37 U/mL), which gives the predicted probability of
postsurgical high risk, where [(A = a)=1if A = aand
I(A=a)=0 if A<a. We used c-statistics to estimate
the AUC of the ROC.

Postsurgical high-risk factors were present in 22
(66.7%) of 33 patients with at least two positive tumor
markers, as compared with 19 (26.4%) of 72 patients
with only one positive tumor marker and 13 (13.7%) of
95 patients in whom all three tumor markers were
negative (Table 5). The value of these three markers for
the prediction of postsurgical high-risk factors was
validated in 92 patients with stage IB and [TA disease
who underwent radical hysterectomy from January
2002 through December 2008 at the National Cancer
Center Hospital, Tokyo, Japan. In the test set, postsur-
gical high-risk factors were present in 11 (68.8%) of
16 patients with at least two positive tumor markers,
as compared with 11 (37.9%) of 29 patients with one
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Table 2 Preoperative tumor markers according to high-risk-factor status in the

training set
No. of High-risk High-risk P-value*
patients  factors — n (%) factors + n (%)
SCC (ng/mL) <0.001
=15 109 91 (83.5) 18 (16.5)
>15 91 55 (60.4) 36 39.6)
CEA (ng/mL) <0.001
=50 168 133 (79.2) 35 (20.8)
>5.0 32 13 (40.6) 19 (59.4)
CA19-9 (U/mL) <0.001
=37 175 136 (77.7) 39 (22.3)
>37 25 10 (40.0) 15 (60.0)
CA125 (U/mL) 0.02
=35 182 137 (75.3) 45 (24.7)
>35 18 9 (50.0) 9 (50.0)

*Pearson’s y>test CA, carbohydrate antigen; CEA, carcinoembryonic antigen; SCC,

squamous cell carcinoma.

Table 3 Multivariate logistic regression analysis of pre-
operative predictors of high-risk factors in the training

set
Factor  Category Relative  95%CI P-value
hazard
ratio
5CC =15vs>15 2258 1.101-4.631 0.03
CEA =50vs>50 3512 1.465-8.417 0.005
CA19-9 =37vs>37 3437 1.315-8.987 0.01
CA125 =35vs>35 3.077 1.053-8.997 0.04

CA, carbohydrate antigen; CEA, carcinoembryonic antigen; CI,
confidence interval; SCC, squamous cell carcinoma.

Table4 AUC of different combinations of tumor
markers for predicting postsurgical high-risk factors in
the training set

AUC
Univariate
SCC 0.65
CEA 0.63
CA19-9 0.61
CA125 0.55
Multivariate
CEA, CA19-9 0.69
SCC, CA19-9 0.68
SCC, CEA 0.70
CEA, CA19-9, CA125 0.70
SCC, CA19-9, CA125 0.69
SCC, CEA, CA125 0.70
SCC, CEA, CA19-9 0.73
SCC, CEA, CA19-9, CA125 0.73

AUC, area under the receiver—operator curve; CA, carbohydrate
antigen; CEA, carcinoembryonic antigen; SCC, squamous cell
carcinoma. i

© 2012 The Authors

positive tumor marker and three (6.4%) of 47 patients
in whom all three tumor markers were negative
(Table 6). The results obtained with the test set were
similar to those obtained with the training set.

In the training set, the tumor markers SCC-ag, CEA,
and CA19-9 were found to be significantly related to
the 5-year survival rate, that is, patients in whom two
or three markers were positive had poorer survival
(93.6% in patients in whom all three markers were
negative, 91.7% in those with one positive marker, and
60.6% in those with two or three positive markers,
P <0.001, log—rank test).

Discussion

Parametrial involvement and positive pelvic lymph
nodes have been established to be important prognos-
tic factors in early stage uterine cervical cancer.!”
However, these prognostic factors cannot be accurately
evaluated preoperatively, even on exhaustive studies
with computed tomography, magnetic resonance
imaging, and positron emission tomography. In par-
ticular, microscopic parametrial metastases, positive
pelvic Iymph nodes, or both cannot be detected on
currently available imaging techniques.

Several studies have shown by multivariate analysis
that elevated preoperative SCC-ag levels are associated
with lymph node metastasis among high-risk factors.
Lin ef al. found on multivariate analysis that only lymph
node metastasis was significantly related to SCC-Ag
levels exceeding 8ng/mL.® Takeshima etal also
reported that SCC-Ag levels greater than 4ng/mL
were associated with nodal metastasis.® Only one study
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Table 5 Positive postoperative high-risk factors according to the combination of SCC, CEA, and CA19-9 in the training set

SCC CEA CA19-9 n Positive HRF % (95%CTI)
(ng/mL)  (ng/mL) (U/mL)

— — — 95 13 13.7 (6.8-20.6)
>1.5 — — 58 14

— >5.0 —_— 7 ] 72 3 :] 19 26.4 (16.2-36.6)
— — >37 7 2

- . >5.0 >37 0

>1.5 >5.0 —_ 15 J 23 9 :1 15

>15 — >37 8 _} 33 6 2 667  (52.6-848)
>1.5 >5.0 >37 10 7

—, under cut-off value; CA, carbohydrate antigen; CEA, carcinoembryonic antigen; Cl, confidence interval; HRF, high-risk factors; SCC,

squamous cell carcinoma.

Table 6 Validation of positive postoperative high-risk factors according to the combination of SCC, CEA, and CA19-9 in the

test set
SCC CEA CA19-9 n Positive HRF % (95%CI)
(ng/mlL) (ng/mL) (U/mL) ‘
— — — 47 3 6.4 (0.0-13.4)
>15 — — 26 ] 0 n
— >5.0 — 2 29 1 379 (20.3-50.6)
— — >37 1 0
—_ >5.0 >37 0 0
>1.5 >5.0 — 8 J 15 7 10
>1.5 — >37 7 ] 16 3 :l 11 68.8 (46.0-91.5)
>1.5 >5.0 >37 1 1

—, under cut-off value; CA, carbohydrate antigen; CEA, carcinoembryonic antigen; CI, confidence interval; HRF, high-risk factors; SCC,

squamous cell carcinoma.

performed by Takeda et al. examined the usefulness of
pretreatment levels of multiple tumor markers for pre-
dicting the status of high-risk factors. A combination of
SCC-ag and CA125 levels was shown to be related to
lymph node status.® However, these studies did not
assess parametrial involvement.

Reesink-Peters etal. investigated the correlation
between preoperative SCC-ag levels and postsurgical
high-risk factors in early stage SCC of the uterine
cervix. They proposed that an SCC-ag level of
>1.9 ng/mL could be used to identify patients who
required adjuvant radiotherapy because postsurgical
high-risk factors were present in 73 (66.4%) of 110
patients with stage IB and [IA disease who had elevated
SCC-ag levels;"! however, their study excluded from
analysis 184 patients who underwent previous loop
excision or conization. The exclusion of these patients
might have resulted in the high proportion of patients
with postsurgical high-risk factors.

The present study was designed to identify prognos-
tic variables related to postsurgical high-risk factors in
early stage SCC of the uterine cervix. We performed
multivariate analysis of ROC curves to assess the value
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of various combinations of four tumor markers for the
prediction of postsurgical high-risk factors. Our results
showed that positivity for at least two of three markers
(i.e.-elevated preoperative levels of SCC-ag, CEA, and
CA19-9 in serum) is strongly related to high-risk factors
in women with SCC of the uterine cervix.

Orne important question is why the combination of
tumor markers correlates with high-risk factors. Unfor-
tunately, the answer to this question is beyond the
scope of the present investigation. The biologic func-
tions of tumor markers are largely unknown and must
be elucidated to answer this question in the future.

Using a combination of SCC-antigen, CEA, and
CA19-9 as determined by the training set, we con-
firmed that 11 (68.8%; 95%CI, 46.0%-91.5%) patients
with at least two positive tumor markers had postop-
erative high-risk factors in the test set A combination of
at least two positive tumor markers had a sensitivity of
40% and a specificity of 92.5% in the training set. This
combination of tumor- markers cannot be used for
screening because of its low sensitivity and high speci-
ficity, but confirms our results. Physicians want to
know the probability of high-risk factors in a patient

© 2012 The Authors
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with positive test results. One way of expressing this
probability is the positive predictive value (PPV). PPV
is influenced by the prevalence of disease in the popu-
lation being tested. Few studies have assessed the inci-
dences of pelvic lymph node metastasis, parametrial
involvement, or both in patients undergoing radical
hysterectomy for early stage uterine cervical cancer.
The incidence of pelvic lymph node metastasis,
however, is estimated to range between 20% and
30%.1** Because our combination of tumor markers
had a sensitivity of 40% and a specificity of 92.5%, the
PPV was estimated to be 57% given a 20% prevalence of
high-risk factors and 70.6% given a 30% prevalence. On
the basis of the literature,'>” the proportion of patients
with stage IB-II disease who have high-risk factors is
estimated to be 20-30%. Historically in Japan, radical
hysterectomy was aggressively performed to treat
stage IB-II cervical cancer. Internationally, surgery and
radiotherapy have been demonstrated to have similar
effectiveness in stage IB-IIA cervical cancer. If a
method was available to identify patients with stage
IB-II disease who have high-risk factors with a prob-
ability of 60-70% before treatment, such a method
might be used to decide whether patients should
receive surgery or radiotherapy.

Varying the cut-off value of the tumor markers, we
analyzed sensitivity and specificity as continuous levels
using ROC, and the AUC for the combination of the
three and four tumor markers were 0.8. On multivariate
analysis of the ROC in the present study, it was difficult
to determine the cut-off level for each tumor marker.
Therefore, we used the cut-off levels recommended by
the manufacturers of the test kits. These cut-off levels
could identify patients with high-risk factors, and
reproducibility was confirmed in the test set.

QOur study also showed that survival was poorer in
patients in whom two or three markers were positive.
This finding is attributed to the close correlation
between two or three positive markers and the pres-
ence of high-risk factors.

Our results suggest that the combination of three
tumor markers (SCC-antigen, CEA, and CA19-9) might
be useful for identifying subgroups of patients with
early stage cervical cancer associated with different risk
levels before treatment.

In conclusion, the combination of the preoperative
serum levels of SCC-antigen, CEA, and CA19-9 is
useful for predicting the status of postsurgical high-
risk factors in women with SCC of the uterine cervix
who undergo radical hysterectomy. Our study is
limited by its retrospective nature; however, our find-

© 2012 The Authors
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ings will hopefully contribute to more accurate predic-
tion of clinical outcomes before treatment
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The purpose of this retrospective study is to investigate the impact of concurrent chemotherapy on definitive
radiotherapy for the International Federation of Gynecology and Obstetrics (FIGO) IIb cervical cancer.
Between 2000 and 2009, 131 women with FIGO IIIb cervical cancer were treated by definitive radiotherapy
(i.e. whole pelvic external beam radiotherapy for 40-60 Gy in 20-30 fractions with or without center
shielding and concomitant high-dose rate intracavitary brachytherapy with 192-iridium remote after loading
system for 6 Gy to point A of the Manchester method). The concurrent chemotherapy regimen was cisplatin
(40 mg/m®fweek). After a median follow-up period of 44.0 months (range 4.2-114.9 months) and 62.1
months for live patients, the five-year overall survival (OS), loco-regional control (LRC) and distant metas-
tasis-free survival (DMES) rates were 52.4, 80.1 and 59.9%, respectively. Univariate and multivariate ana-
lyses revealed that lack of concurrent chemotherapy was the most significant factor leading to poor
prognosis for OS (HR =2.53; 95% CI 1.44-4.47; P=0.001) and DMFS (HR=2.53; 95% CI 1.394.61;
P =0.002), but not for LRC (HR =1.57; 95% CI 0.64-3.88; P =0.322). The cumulative incidence rates of
~ late rectal complications after definitive radiotherapy were not significantly different with or without concur-
rent chemotherapy (any grade at five years 23.9 vs 21.7%; P =0.669). In conclusion, concurrent chemother-

apy is valuable in definitive radiotherapy for Japanese women with FIGO IIIb cervical cancer.

Keywords: cervical cancer; IlIb; chemotherapy; radiotherapy; HDR

INTRODUCTION

Extemnal beam radiotherapy (EBRT) combined with intraca-
vitary brachytherapy (ICBT) is the standard treatment for
women with cervical cancer [1-3]. A combination of
EBRT plus high-dose rate (HDR) ICBT for Japanese
women with cervical cancer has provided acceptable out-
comes and late complication rates despite the lower dose
prescription in Japan than in the US [4-9 ]. In 2000s con-
current chemoradiotherapy (CCRT) became standard after
the National Cancer Institute (NCI) announcement recom-
mending concurrent chemotherapy in 1999 [10], however,
the benefits of concurrent chemotherapy on definitive radio-
therapy might not be applicable to concomitant EBRT plus

HDR-ICBT and are not clear yet in Japan and other Asian
countries [9]. We therefore performed a retrospective ana-

Tysis in a mono-institutional group with newly diagnosed

International Federation of Gynecology and Obstetrics (FIGO)
IIb cervical cancer treated by definitive radiotherapy, the
purpose of this study being to investigate the impact of
concurrent chemotherapy on definitive radiotherapy for
Japanese women.

MATERIALS AND METHODS

Patients
We reviewed our database looking for women with newly
diagnosed FIGO IIIb uterine cervical cancers with a

© The Author 2012. Published by Oxford University Press on behalf of The Japan Radiation Research Society and Japanese Society for Therapeutic

Radiology and Oncology.
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maximum diameter over 4 cm treated with definitive radio-
therapy at the National Cancer Center Hospital between
2000 and 2009. Patients who received palliative EBRT
alone, postoperative radiotherapy, interstitial brachytherapy
or an experimental regimen of concurment chemotherapy
were excluded. A total of 131 women treated with EBRT
plus HDR-ICBT were admitted to this retrospective analysis.
All patients underwent pelvic examination, cystoscope, urog-
raphy, computed tomography (CT), magnetic resonance
imaging (MRI), ultrasound (US) and blood tests. Maximum
tumor diameters were measured based on the MRI findings
and/or US. FIGO staging was allocated for tumor boards of
gynecological, medical and radidtion oncologists. The patho-
logical diagnosis was carried out with a central pathology
review at our pathological division.

Treatment

Treatment selection was determined by the gynecological
cancer board, our treatment policy for FIGO IIlb cervical
cancer is CCRT to aim for loco-regional control (LRC)
even if distant metastasis is not ruled out. Neoadjuvant
chemotherapy was prohibited. The concurrent chemother-
apy regimen was cisplatin (40 mg/m?*week). Supportive
treatments such as blood transfusions were encouraged
during radiotherapy.

Radiotherapy

The radiotherapy field selected was the whole pelvis but
exceptions were as follows: para-aortic node (PAN) area ir-
radiation was acceptable in cases with suspicions of PAN
metastasis, bilateral inguinal node area irradiation was ac-
ceptable in cases with vaginal involvement of more than
two-thirds of total vaginal length. Radiotherapy doses of
40-60 Gy in 20-30 fractions were carried out with a
4-field box or the anterior—posterior technique. Center
shield radiotherapy (CS) was performed for a shorter
overall treatment time (OTT) reducing organ at risk (OAR)
exposure depending on tumor shrinkage. CS was carried
out 3-4 days/week, and HDR-ICBT 1-2 days/week, but
both therapies were not carried out on the same day. All
patients underwent EBRT with 10-, 15- and 20-MV X-rays
from linear accelerators (Clinac IX, Varian, Palo Alto, CA,
USA). Two-dimensional conventional radiotherapy (2DCRT)
was employed between 2000 and 2005, and three-
dimensional conformal radiotherapy (3DCRT) was used
between 2005 and 2010. All patients underwent
HDR-ICBT with 192-iridium remote after loading system
(RALS, Microselectron). The point A dose prescription for
6 Gy using the Manchester method was performed with the
ICBT planning system (Plato®, Nucletron). Image-guided
optimization was not applicable even in the case of
CT-based ICBT planning. A tandem-cylinder was used
only in cases with vaginal involvement of more than

one-third of total vaginal length or of an extraordinarily
narrow vagina.

Follow-up

All patients were evaluated weekly for toxicity during
radiotherapy through physical examinations and blood tests.
CT and/or MRI scans and cytology were performed 1-3
months after radiotherapy for initial response, physical
examination and blood tests were performed regularly
every 1-6 months. Disease progression was defined by the
response evaluation criteria in solid tumours (RECIST)
version 1.1, new clinical symptoms or observable pelvic
deficits.

Statistical analysis

Patient and treatment characteristics were compared using
the Mann-Whitney U test and Pearson’s chi-square test. OS
was estimated from the beginning of radiotherapy to the
date of death considered as an event, and censored at the
time of last follow-up. LRC rate was estimated from the be-
ginning of radiotherapy to the date of LRC failure includ-
ing both central and lateral pelvic relapse considered as an
event, and censored at the time of death or last follow-up.
DMEFS rate was estimated from the beginning of radiother-
apy to the date of distant metastasis considered as an event,
and censored at the time of death or last follow-up. The cu-
mulative incidence rate of late rectal complication was esti-
mated from the beginning of radiotherapy to the date of
any grade rectal hemorrhage according to common termin-
ology criteria for adverse events (CTCAE) version 4.0. [11]
OS, LRC and DMFS, and the cumulative incidence rates of
late rectal complication were calculated using the Kaplan—
Meier method [12].

As a measure of radiotherapeutic intensity to point A, we
used the equivalent dose in 2-Gy fractions (EQD,) calcu-
lated from total irradiated dose (D) and each dose (d) with
o/p for 10 Gy and potential doubling time (Tpot) defined
as five days’ subtraction from EQD, with correction for
tumor proliferation associated with OTT (EQD,T) as
shown in the following formula:

d+a/B
=00 =5(5375)

log.T—T 2
EQD,T = EQD, — —ot— /(1+;/§)
pot

Tx is the kick-off time of accelerated repopulation and was
defined as 21 days, and 0.3 for o [13]. These parameters
are not well estimated for cervical cancer so we used those
for head and neck squamous cell carcinoma (SCC) and
extrapolated them. The survival curves were compared
using the log-rank test and Cox’s proportional hazards
model. In order to carry out univariate and/or multivariate
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analysis comparing OS, LRC and DMFS rates, patients
were categorized as follows: age (<60 vs 260), tumor bulk
(<55 vs 255 mm), OTT (<6 vs 26 weeks), hemoglobin
(Hb) before (<11.9 vs 211.9 mg/dl) and concurrent chemo-
therapy. We added univariate and multivariate analysis to
assess the impact of concurrent chemotherapy on OS, LRC
and DMES after stratified analysis for age and tumor bulk.
All statistical analyses were performed using PASW statis-
tics (Version 18.0, SPSS Japan Inc., an IBM company,
Chicago, IL, USA). A P value of <0.05 was considered
significant.

RESULTS

Patient and treatment characteristics are shown in Table 1.
There were differences in age and Hb level after treatment
between the radiotherapy alone and CCRT groups. After a
median follow-up period of 44.0 months (range 4.2-114.9
months) collectively and 62.1 months for live patients, five-
year OS, LRC and DMFS rates were 52.4, 80.1 and 59.9%,
respectively. Univariate and multivariate analyses revealed
that default of concurrent chemotherapy was the most sig-
nificant factor leading to poor prognosis for OS (HR =2.53;
95% CI 1.44-4.47; P=0.001) and DMFS (HR =2.53; 95%
CI 1.39-4.61; P=0.002), but not for LRC (HR =1.57; 95%
CI 0.64-3.88; P=0.322). (Table 2). The cumulative inci-
dence rates of late rectal complications after definitive
radiotherapy were not significantly different with or
without concurrent chemotherapy (any grade at five years
23.9 vs 21.7%; P=0.669) (Fig. 1). After stratifying 131
patients for age and tumor bulk, subgroup analysis with
or without concurrent chemotherapy revealed that non-
elderly women (HR =2.78; 95% CI 1.25-6.18; P=0.012)
with even bulky length (HR=2.53; 95% CI 1.26-5.07;
P=0.009) clearly benefit from concurrent chemotherapy
(Table 3).

DISCUSSION -

Various predictors such as treatment duration and anemia
had been reported in the last decade before CCRT [14-18].
Concomitant EBRT with HDR-ICBT, which requires
shorter treatment duration, was originally the mainstream
treatment for women with cervical cancer in Japan [5].
Treatment durations of gross tumor imradiation had a
median of 42 days, and were mostly 6 weeks, which is
much shorter than the 8 weeks recommended by the
American brachytherapy society (ABS) [14]. Concurrent
chemotherapy has the potential hazard of treatment inter-
ruption associated with acute toxicities, however OTT was
not significantly different between radiotherapy alone and
CCRT (42 (30-69) vs 42 (36-62) days; P=0.217). In this
situation, OTT is no longer a prognostic factor [17].
Similarly, a low Hb value before radiotherapy has no

impact on survival, and is no longer a prognostic factor if
anemia has been actively corrected using blood transfusion
during radiotherapy [18].

Randomized trials have shown survival benefits of
CCRT for cervical cancer [19-23]. Incorporating concur-
rent chemotherapy contributed to improvement in both
LRC and DMFS [19-23]. This impact is less in stages
-1V than in stages I-II [20-23]. Our study also supported
this impact on OS and DMFS even in cases of FIGO b,
but not on LRC (Table 2). The cumulative incidence rates
of late rectal complications after definitive radiotherapy
were not significantly different with or without chemother-
apy (any grade at five years 23.9 vs 21.7%; P =0.669) and
reached a plateau (Fig. 1), though limited by the short
follow-up period for late radiation-induced complications of
other organs such as bladder or small intestine {7].

There were important limitations on this retrospective
analysis: the advantage of concurrent chemotherapy might
merely indicate that the reasons for not undergoing concur-
rent chemotherapy were associated with poor prognosis.
Forty-two women with FIGO IIIb cervical cancer did not
undergo concurrent chemotherapy in our study because of
advanced age (77 (72-85) years) for 17 patients (40.4%),
and the other half (53 (36-70)) had the following reasons
for not undergoing concurrent chemotherapy:PAN irradi-
ation for eight patients (19.0%), renal failure for three
patients (7.2%), lack of patient’s consent for five patients
(11.9%), chronic hepatitis for two patients (4.8%), active
pyometra, uncontrolled anemia, synchronous double cancer,
hypertrophic cardiomyopathy, low white blood cell counts
and sequential chemotherapy for one patient each (2.4%).
These reasons not to perform concurrent chemotherapy
seem to be clinically ordinary and acceptable, but could in-
dicate a potential selection bias that modified the impact of
concurrent chemotherapy. Our study revealed that concur-
rent chemotherapy is the most significant predictor of de-
finitive radiotherapy, thus we conclude that concurrent
chemotherapy combined with definitive radiotherapy for
FIGO b cervical cancer is advantageous for survival
improvement. ’

Development of the optimal chemotherapy regimen and
schedule to increase chemotherapeutic intensity as a cyto-
toxic agent but not a radiosensitizer seems to be warranted
because our results indicated concurrent chemotherapy has
impacts on DMFS but not on LRC. It is not reasonable for
Japanese women with cervical cancer to undergo increased
intensity of dose-dense concurrent chemotherapy due to a
lack of relevant feasibility [24]. There is no evidence that
platinum-doublet is superior to platinum-alone as concur-
rent chemotherapy for cervical cancer [22-23]. Therefore,
devising the best form of concurrent chemotherapy is con-
sidered to be a limitation. The efficacy of adjuvant chemo-
therapy after definitive CCRT is unclear but worth testing
ag it is a feasible method [25].
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Table 1. Patient and treatment characteristics for RT alone and CCRT
RT alone (n=42) CCRT (n=89) P
Age Median (range) 66 (36-85) 55 (29-73) 0.000
Tumor bulk mm 55 (45-87) 55 (40-95) 0.302
Pathology SCC 37 (88.1%) 82 (92.1%) 0.454
non-SCC 5 (11.9%) 7 (71.9%)
Hb before RT mg/dl 11.9 (6.4-14.2) 11.9 (7.1-14.5)  0.653
Hb after RT mg/d] 11.3 (7.6-14.4) 10.3 (6.9-12.3)  0.002
OoTT days 42 (30-69) 42 (36-62) 0.217
EQD, Gy 56.4 (44.0-74.0) 54.0 (52.2-74.0) 0.128
EQD,T Gy 50.0 (40.9-66.2) 48.2 (39.2-61.2) 0.177
wCDDP courses 1 0 5(5.6%) 0.000
2 0 6 ( 6.8%)
3 0 12 (13.5%)
4 0 23 (25.8%)
5 0 30 (33.7%)
6 0 13 (14.6%)
Reason for RT alone Advanced age 17 (40.4%) 0 0.000
PAN irradiation 8 (19.0%) 0
No consent 5 (11.9%) 0
Renal function 3 (7.2%) 0
Hepatitis 2 (4.8%) 0
Others 7 (16.7%) 0
Follow-up months 30.7 (4.2-100.3) 48.8 (7.3-114.9) 0.001
RT =radiotherapy, CCRT =concurrent chemoradiotherapy, FIGO =International
Federation of Gynecology and Obstetrics, SCC=squamous cell carcinoma, Hb =
hemoglobin, OTT =overall treatment time, EQD,=the equivalent dose in 2-Gy
fractions, EQD,T =EQD, with correction for tumor proliferation associated with OTT,
wCDDP = weekly cisplatin, ns = not significant.
Table 2. Univariate and multivariate analyses on OS, LRC and DMFS
oS LRC DMFS
, Five i o moli O g mus
Variants years years years
Age <60 72 514 0.631 0.121 73.3 0.129 0.076 56.0 0.173  0.033
260 59 537 89.2 64.8
Tumor bulk <55 mm 54 59.8 0.358 0.486 79.5 0.768 0.856 744 0.010 0.027
255 mm 77 47.6 80.6 50.2
O1T <6 weeks 75 53.1 0.789 0.639 78.5 0.532 0.258 63.5 0.626 0918
26 weeks 56 50.8 82.6 56.0
Hb before RT <11.9mg/ 62 53.1 0.627 0.934 74.5 0.380 0.599 59.3 0.527 0.988
dl
2119mg 69 522 84.8 60.6
dl
Concurrent Yes 89 60.4 0.002 0.001 82.6 0.583 0.322 66.6 0.005 0.002
chemotherapy No 42 335 68.3 447

OS =overall survival, LRC =loco-regional control, DFMS =distant metastasis free survival, uni=univariate analysis, multi=
multivariate analysis, OTT = overall treatment time, Hb = hemoglobin, ns = not significant.
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Fig. 1. OS (A), DMFS (B), LRC (C) and the cumulative incidence rates of late rectal complication (D) of women with FIGO
Tb cervical cancer after definitive radiotherapy with or without concurrent chemotherapy.  Solid line for CCRT, dashed line for
RT alone. OS =overall survival, DMFS =distant metastasis free survival, LRC =loco-regional control, CCRT = concurrent

chemoradiotherapy, RT = radiotherapy.

Table 3. Impact of concurrent chemotherapy on OS, LRC and DMFS in the stratified analysis

0sS LRC DMFS
Log-rank Cox’s Log-ranl Cox’s Log-rank Cox’s
Variates P HR (95%CI) P P HR 95%CI) P P HR (95%CI) P
Age <60 0.005 2.78 (1.25-6.18) 0.012 0.145 2.31 (0.76-6.96) 0.136 0.001 2.83 (1.32-6.05) 0.007

260 0.023 2.55 (1.10-5.89) 0.028 0.942 1.05 (0.23-4.85) 0.942
Tumor bulk <55mm 0.118 2.36 (0.85-6.52) 0.096 0.108 5.87 (1.27-27.0) 0.023

0.079 2.29 (0.88-5.94) 0.087
0.043 3.46 (1.01-11.9) 0.049

255mm 0.018 2.53 (1.26-5.07) 0.009 0.587 0.75 (0.22-2.49) 0.645 0.085 2.23 (1.12-4.44) 0.021

OS = overall survival, DMFS = distant metastasis free survival, ns = not significant.
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In conclusion, though limited to a mono-institutional

retrospective analysis, this study revealed that concurrent
chemotherapy is valuable in definitive radiotherapy for
Japanese women with FIGO IIb cervical cancer. A rando-
mized controlled trial is needed to establish the optimal
chemotherapy combined with definitive radiotherapy for
women with advanced cervical cancer.
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Uterine papillary serous carcinoma (UPSC) is a rare and aggres-
sive variant of endometrial carcinoma. Little is known about the
pathological and biological features of this tumor. Human epider-
mal growth factor receptor 2 (HER2) and hormone receptor (HR)
expression have an important role in tumor behavior and clinical
outcome, but their relevance in UPSC is not clear. In the present
study, the immunohistochemical expression of HER2 and HR was
assessed in 27 patients with Stage | disease, 13 with Stage Ii
disease, 25 with Stage lll disease, and 6 with Stage IV disease.
Correlations between HER2 and HR expression and the clinico-
pathological parameters of UPSC were evaluated using Cox’s uni-
variate and multivariate analyses. For all patients, the 5-year
recurrence-free survival (RFS) and overall survival (OS) rates were
51% and 66%, respectively; in patients with Stage I, Ii, lll and IV
disease, the RFS and OS were 67%/81%, 59%/77%, 43%/54%
and 0%/0%, respectively. Of all 71 patients, 14% (10/71) were
positive for HER2 and 52% (37/71) were positive for HR. Overex-
pression of HER2 was correlated with lower OS (P = 0.01),
whereas HR overexpression was correlated with higher 0OS
(P = 0.008). In multivariate models, HER2, HR, and histologic sub-
type were identified as independent prognostic indicators for
RFS (P = 0.022, P = 0.018, and P = 0.01, respectively), but HR was
the only independent factor associated with OS (P = 0.044). Thus,
HER2 and HR are prognostic variables in UPSC, with HR an
independent prognostic factor for OS. (Cancer Sci 2012; 103: 926-
932)

ndometrial carcinoma is the most common gynecological

malignancy in the US and its occurrence in Japan has
increased recently.® Endometrial carcinomas are convention-
ally divided into two subgroups, Types I and II. Type I endo-
metrial carcinomas is associated with a hyperestrogenic state
and tends to be well differentiated, whereas Type II endome-
trial carcinomas is not associated with a hyperestrogenic status
and is high grade.® Uterine papillary serous carcinoma
(UPSC), initially described by Hendrickson er al.,” is one of
the Type II endometrial carcinomas. It comprises <10% of all
endometrial carcinomas, but accounts for over 50% of all
recurrences and deaths caused by this disease.®” Despite
aggressive treatment, locoregional and distant failures are com-
mon, even in patients treated by surgery for early stage dis-
ease.®%719 One study reported a 5-year overall survival (OS)
rate for 129 patients with UPSC of 45.9%, with recurrence
even occurring in four of 21 (19%) patients with Stage 1A.7
Nonetheless, there is little information regarding the molecular
basis for the aggressive biological behavior of UPSC.

Cancer Sci | May 2012 | vol. 103 | no.5 | 926-932

Human epidermal growth factor receptor type 2 (HER2) is a
well-established tumor biomarker that is overexpressed in a
wide variety of carcinomas, including breast, ovary, prostate,
and lung.""'? Qverexpression of HER2 is a significant factor
in aggressive tumor behavior and poor clinical outcome.

Estrogen and progesterone are important hormones secreted
by the ovary that act through specific receptors, namely the
estrogen (ER) and progesterone (PR) receptors. The expression
of ER and PR is important in endometrial cancers, especially
in low-grade endometrioid adenocarcinoma, ) but the rele-
vance of ER and PR expression in UPSC is not known.

Thus, the purpose of the present study was to investigate the
clinicopathological significance and prognostic value of HER2,
ER, and PR status in a large cohort of UPSC patients.

Materials and Methods

Patients and tissue samples. The present study was performed
in 71 patients with UPSC (mean age 63.6 years; range 47-81
years). Patients with serous adenocarcinoma of the uterine cer-
vix were excluded from the study. No patient was lost to follow-
up. All subjects initially underwent surgery in the Gynecology
Division of the National Cancer Center Hospital (Tokyo, Japan)
between 1997 and 2008. All patients underwent hysterectomy,
bilateral salpingo-oophorectomy, and pelvic lymph node evalua-
tion. Staging was according to the 1988 Intemational Federation
of Gynecology and Obstetrics (FIGO, http://www.figo.org/files/
figo-corp/docs/staging_booklet.pdf, accessed 01 Jul 2011) surgi-
cal staging system. Following primary surgical treatment,
asymptomatic patients underwent pelvic examination, Pap
smear, ultrasound, and serial determination of tumor markers
(carbohydrate antigen [CA] 125, CA19-9 and carcinoembryonic
antigen) every 2-6 months. Symptomatic patients underwent
the appropriate examinations, as indicated, including chest radi-
ography, computed tomography (CT), and magnetic resonance
imaging (MRI).

For the present study, all surgically removed pathology sam-
ples were reviewed by two gynecological pathologists. Postop-
erative classification was according to the 2002 revision of the
International Union A%sainst Cancer (UICC) TNM classification
of malignant tumors."™® Based on World Health Organization
classification,’” at least 10% of the tumor area had to have
serous papillary features for inclusion in the present study.
Cases were identified as pure UPSC if the serous component
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occupied all of the tumor area. Otherwise, cases were identified
as mixed UPSC. Of the 71 patients included in the present
study, 50 were determined to have pure-type UPSC, whereas
21 had mixed-type UPSC. The clinicopathological factors
examined included patient age, histologic subtype of UPSC
(pure or mixed), FIGO stage, myometrial invasion, lymph node
status, and lymph-vascular space involvement (LVSI).

Immunohistochemistry. After being formalin fixed and
embedded in paraffin, all tumor tissue specimens were cut into
4-um serial sections for immunochistochemical staining, in
addition to the usual H&E staining. The present study was per-
formed with the approval of the Internal Review Board (Divi-
sion of Gynecology, National Cancer Center Hospital, Tokyo,
Japan) on Ethical Issues. The antibodies and test kits used for
immunohistochemistry were as follows: the Hercep Test
(Dako, Glostrup, Denmark), anti-ER mouse monoclonal anti-
body (Clone 1DS5; Dako), and anti-PR mouse monoclonal
antibody (Clone PgR636; Dako). An autoimmunostainer (Auto-
stainer Link 48; Dako) was used for immunohistochemical
staining of HER2/neu, ER, and PR.

Scoring of the results. The results of the immunohistochemi-
cal staining were evaluated as the percentage of positively
stained neoplastic cells. In mixed-type tumors, only the serous
component was evaluated. Immunoreactivity for HER2 was
scored semiquantitatively as follows: 0, no immunostaining or
membrane staining in <10% of cells; 1+, weak or barely per-
ceptible staining in >10% of cells, with the cells stained in
only part of the membrane; 2+, weak or moderate staining in
the whole membrane in >10% of tumor cells; and 3+, strong
staining in the whole membrane in >10% of tumor cells.
Scores of 2+ and 3+ were defined as HER2 positive (Fig. 1a,
b). Hormone receptor (HR) expression was scored by assigning
proportion and intensity scores according to procedures
described by Allred et al.® Briefly, the proportion score rep-
resented the estimated proportion of tumor nuclei staining
positive: 0, no immunostaining; 1, <1% immunostaining; 2, 1—
10% immunostaining; 3, 11-33% immunostaining; 4, 34-66%
immunostaining; and 5, 67-100% immunostaining. The inten-
sity score represented the average intensity of positive nuclei:
0, no immunostaining; 1, weak immunostaining; 2, moderate
immunostaining; and 3, strong immunostaining. The proportion
and intensity scores were then summed to obtain a total score,
which could range from O to 8. In the present study, samples

Fig. 1. Histopathological presentation of uterine
papillary serous carcinoma. (a,c) Hematoxylin and
eosin staining, original magnification x200. (b)
Immunohistochemical staining showing overexpres-
sion of human epidermal growth factor receptor
type 2 (HER2; score 3+). Original magnification
x200. (d) Immunohistochemical staining showing
expression of the estrogen receptor (Allred score
5 + 3 = 8). Original magnification x200.

Togami et al.

were defined as HR positive when either total scores for either
ER or PR were >4 (Fig. 1c,d). Immunohistochemical evalua-
tions were performed independently by two observers (ST and
YS), with the median value used in analyses.

Statistical analysis. Inter-group comparisons were made using
the Chi-squared test. Recurrence-free survival (RFS) and over-
all survival (OS) were calculated using the Kaplan—Meier
method and differences were analyzed by log-rank test. Inde-
pendent prognostic significance was computed using Cox’s
proportional hazards general linear model for RFS and OS.
The relative risk for relapse or death was estimated by hazard
ratios (HR) with a 95% confidence interval (CI). JMP software
(SAS Institute, Cary, NC, USA) was used for statistical analy-
ses. P < 0.05 was considered significant. These analyses were
performed for all 71 cases of UPSC and for the 50 cases of
pure-type UPSC.

Results

Patients’ clinicopathological information is presented in
Table 1. Based on the FIGO classification system, 27, 13, 25
and 6 patients had Stage 1, I, IIL, and IV disease, respectively.
Of all 71 patients, 10 (14%) were HER2 positive and 37
(52%) were HR positive. Seven of 10 (70%) HER2-postivite
cases had FIGO Stage Il or IV disease, compared with 24 of
61 (39%) HER2-negative cases (P = 0.04). Furthermore, the
recurrence rate was significantly higher in the HER2-positive
group than in the HER2-negative group (P = 0.0024). In con-
trast, the incidence of lymph node metastasis, LVSI, and recur-
rence was significantly lower in HR-positive patients
(P =0.005, P=0.012, and P = 0.024, respectively) than in
HR-negative patients. There were no significant differences
between the HER2-positive and HER2-negative groups with
regard to histologic type, myometrial invasion, lymph node
status, and LVSI. Similarly, there were no significant differ-
ences between the HR-positive and HR-negative groups
regarding histologic type, stage, and myometrial invasion.

The median follow-up time for all patients was 49.7 months
(range 4-125 months). During this time, recurrence occurred
in 34 patients (48%). Initial recurrence sites, either single or
multiple, were as follows: lung (n = 12 patients), abdominal
wall or cavity (n = 9), para-aortic lymph nodes (n = 8), cervi-
cal or supraclavicular lymph nodes (n = 6), vagina (n = 3),
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Table 1. Correlation between clinicopathological parameters in uterine papillary serous carcinoma and human epidermal growth factor

receptor type 2 and hormone receptor status

_HER2
Total no. patients

Hormone receptor*

Positive (n = 10) Negative (n = 61) P-value Positive (n = 37) Negative (n = 34) P-value
Histologic subtype
Pure 50 8 (80) 42 (69) 0.46 26 (70) 24 (71) 0.98
Mixed 21 2 (20) 19 (31) 11 (30) 10 (29)
FIGO stage
1 27 1 (10) 26 (42) 0.04 14 (38) 13 (38) 0.27
i 13 2 (20) 11 (18) 7(19) 6 (18)
] 25 7 (70) 18 (30) 15 (40) 10 (29)
\Y 6 0 (0) 6 (10) 1(3) 5(15)
Myometrial invasion (%)
0 10 0 (0) 10 (16) 0.10 7 (19) 3(9) 0.12
<50 28 3 (30) 25 (41) 17 (46) 11 (32)
>50 33 7 (70) 26 (43) 13 (35) 20 (59)
Lymph node metastasis
Positive 13 2 (20) 11 (18) 0.35 2 (6) 11 (32) 0.005
Negative 30 6 (60) 24 (39) 16 (43) 14 (41)
Unknown 28 2 (20) 26 (43) 19 (51) 9 (27)
Lymph-vascular space involvement
Positive 35 7 (70) 28 (46) 0.15 13 (35) 22 (65) 0.012
Negative 36 3 (30) 33 (54) 24 (65) 12 (35)
Recurrence
Yes 34 9 (90) 25 (41) 0.0024 13 (35) 21 (62) 0.024
No 37 1(10) 36 (59) 24 (65) 13 (38)

Data show the number of patients in each group, with percentages given in parentheses. *Hormone receptor expression was classified as
positive when the patient was positive for either estrogen or progesterone receptors. HER2, human epidermal growth factor receptor type 2;

FIGO, International Federation of Gynecology and Obstetrics.
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Fig. 2. Kaplan-Meier survival curves for patients with uterine papillary serous carcinoma stratified according to International Federation of
Gynecology and Obstetrics (FIGO) stages. Significant differences were observed between the groups for both (a) recurrence-free survival and

(b) overall survival (P < 0.0001, log-rank test).

liver (n = 3), bone (n = 3), pelvic cavity (n = 2) and brain
(n = 1). Figure 2 shows Kaplan—Meier curves for RFS and OS
stratified according to FIGO stage. The RFS rates after 3 and
5 years were 56% and 51%, respectively, with 5-year RFS sig-
nificantly better for patients with early stage disease (Stage I,
67%; Stage II, 59%) than those with advanced stages of the
disease (Stage III, 43%; Stage IV, 0%; P < 0.0001). The OS
rates after 3 and 5 years were 73% and 66%, respectively;
after 5 years, OS was again significantly higher in patients
with early stage disease (Stage I, 81%; Stage II, 77%) than in
patients at advanced stages of the disease (Stage III, 54%;
Stage IV, 0%; P < 0.0001).

Figure 3 shows Kaplan-Meier curves for RFS and OS in
the HER2-positive and -negative groups. Patients with HER2-
positive tumors had a significantly lower RFS and OS than
patients with HER2-negative tumors (P =0.0008 and

928

P = 0.01, respectively). In contrast, patients with HR-positive
tumors had significantly higher RFS and OS than patients
with HR-negative tumors (P = 0.01 and P = 0.008, respec-
tively; Fig. 4).

Patients were stratified into four groups according to both
HER2 and HR status. The clinical outcome was best for
patients in the HER2-negative HR-positive group, followed by
the HER2-negative HR-negative group, the HER2-positive
HR-positive group, and finally the HER2-positive HR-negative
group, with corresponding 5-year RFS/OS rates in these four
groups of 68%/86%, 45%/58%, 43%/51%, and 0%/20%,
respectively. The OS of HER2-positive HR-negative patients
and HER2-negative HR-positive patients differed significantly
(P = 0.0004). Similarly, OS for HER2-negative HR-negative
patients and HERZ2-positive HR-negative patients differed
significantly (P = 0.02). However, there were no significant
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Fig. 4. Kaplan-Meier survival curves for patients with uterine papillary serous carcinoma stratified according to hormone receptor (HR) status.
Note, HR expression was classified as positive when the patient was positive for either estrogen or progesterone receptors. Significant differences
were observed between the groups for both (a) recurrence-free survival (P = 0.01) and (b) overall survival (P = 0.008).

differences in OS between the HER2-negative HR-negative
group and any of the three other groups. The results of univar-
iate analysis of the effects of various clinicopathological fac-
tors on RFS are given in Table 2. All factors examined, except
lymph node status, were significantly associated with a worse
patient outcome. We also performed multivariate analysis
using Cox’s proportional hazards model including HER2, HR,
histologic type, stage, myometrial invasion, and LVSI. Multi-
variate analysis identified HER2, HR, and histologic type as
independent prognostic factors for RFS (P = 0.022, P = 0.018,
and P = 0.01, respectively). The results of univariate analysis
of the effects of various clinicopathological factors on OS are
given in Table 3. All factors examined, except lymph node
status, were significantly associated with a worse patient out-
come. We also performed multivariate analysis including
HER2, HR, histologic type, stage, myometrial invasion, and
LVSI. This analysis revealed that HR was the only indepen-
dent factor associated with OS (P = 0.044).

Separate univariate and multivariate analyses using the
Cox’s proportional hazards model were also performed for the
50 cases of pure-type UPSC (data not shown). In these
patients, HER2, HR, and LVSI were identified as independent
prognostic factors for RFS (P =0.006, P =0.018, and
P = 0.04, respectively). Similarly, HR tended towards being
an independent prognostic factor for OS (P = 0.06).

Discussion

Uterine papillary serous carcinoma is an aggressive variant of
endometrial carcinoma but, because it is so rare, little is

Togami et al.

known about the prognostic markers for this disease. In the
present study, we found that HER2 and HR were prognostic
markers of UPSC.

In the present study, the 5-year OS rate after initial surgery
for UPSC was 66%; furthermore, the 5-year OS was signifi-
cantly better for patients in the early stages of the disease
(Stages I and II) than in the advanced stages (Stages HI and
IV). Other studies have reported OS rates of 37-57%, with bet-
ter rates for patients in the early stages of the disease.*"??
Based on the FIGO annual report,”® 76.5% of endometrial can-
cer patients are alive at 5 years. We confirmed the poor progno-
sis of UPSC compared with endometrioid adenocarcinoma of
the uterine corpus. Assessing patterns of recurrence revealed
that lung and abdominal failure occurmred frequently. Wang
et al.® reported that more than half of the patients who devel-
oped recurrence had abdominal failure. Furthermore, UPSC has
a propensity to recur at distant sites, with metastases including
lung, lymph nodes, liver, bone, and brain. In contrast, vaginal
recurrence is less frequent than in endometrioid adenocarcino-
mas. An interesting aspect of UPSC is that even gatients with
no myometrial invasion have extrauterine disease.'"%%%26) 1
the present series, 40% (4/10) of patients without myometrial
invasion had extrauterine disease. Therefore, it is very impor-
tant to perform accurate surgical staging for all patients with
UPSC, regardless of the extent of myometrial invasion.

Overexpression of HER2 is frequently associated with more
aggressive disease in cancer patients®” and a worse prognosis
in breast cancer.”®>” However, there is little information
regarding the relationship between HER2 expression and prog-
nosis in patients with UPSC. In the present study, the
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Table 2. Cox model estimates of the prognostic significance of each
parameter for recurrence-free survival

Univariate Multivariate
Variables
HR 95% C  P-value HR 95% CI  P-value
HER2
Posiﬁve 343 150-7.23 0.005 2.94 1.18-6.90 0.022 -
Negative  1.00 1.00
Hormone receptor*
Positive 041 0.20-0.82 0.01 041 0.18-0.86 0.018
Negative  1.00 1.00
Histologic subtype
Pure 1.00 0.013 0.01
Mixed 0.58 0.34-0.90 0.54 0.30-0.87
FIGO stage
forll 1.00 0.013 1.00 0.19
Morlv 154 1.09-2.19 1.28 0.88-1.88
Myometrial invasion (%)
<50 1.00 0.0001 1.00 0.97
>50 2.00 1.40-297 1.02 0.49-1.98
Lymph node metastasis
Positive 1.86 1.07-3.03 0.085
Negative  1.00
Unknown 0.78 0.48-1.24
Lymph-vascular space involvement
Positive 1.87 131-2.77 0.0005 1.51 0.80-3.06 0.21
Negative 1.00 1.00

*Hormone receptor expression was classified as positive when the
patient was positive for either estrogen or progesterone receptors.
HR, hazards ratio; Cl, confidence interval; HER2, human epidermal
growth factor receptor type 2; FIGO, International Federation of
Gynecology and Obstetrics.

Table 3. Cox model estimates of the prognostic significance of each
parameter for overall survival

Univariate Multivariate
Variables
HR 95% Ci P-value HR 95% Cli P-value
HER2
Positive 3.00 1.15-7.01 0.026 2.06 0.77-5.04 0.144
Negative  1.00 1.00
Hormone receptor*
Positive 034 0.14-0.76 0.0084 0.41 0.16-0.98 0.044
Negative 1.00 1.00
Histologic subtype
Pure 1.00 0.039 1.00 0.087
Mixed 0.60 0.32-0.98 0.63 0.33-1.07
FIGO stage
lorll 1.00 0.011 1.00 0.246
It or IV 1.68 1.13-2.59 1.29 0.84-2.05
Myometrial invasion (%)
<50 1.00 0.0001 1.00 0.385
>50 265 1.68-4.60 145 0.64-3.38
Lymph node metastasis
Positive 2.08 1.14-359 0.062
Negative  1.00
Unknown 063 0.34-1.10
Lymph-vascular space involvement
Positive 238 151-4.13 0.0001 1.47 0.68-3.47 0344
Negative  1.00 1.00

*Hormone receptor expression was classified as positive when the
patient was positive for either estrogen or progesterone receptors.
HR, hazards ratio; Cl, confidence interval; HER2, human epidermal
growth factor receptor type 2; FIGO, International Federation of
Gynecology and Obstetrics.
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frequency of HER2 overexpression in UPSC was found to be
14% (10/71). Halperin et al.®? reported that 45% (10/22) of
UPSC samples were positive for HER2. Santin et al.®? noted
HER2 expression in 16 of 26 (62%) UPSC samples. In the
present study, we observed a low rate of HER2 overexpression
compared with the rates reported in these earlier, smaller stud-
ies. Other larger scale studies have also reported a lower rate
of HER2 overexpression, similar to the findings in the present
study. For example, Slomovitz et al.®® and Konecny et al.®*
have reported HER2 overexpression in only 18% (12/68) and
17% (18/105) of tumors.

With regard to clinicopathological parameters, patients in
the HER2-positive group were at more advanced stages of the
disease and experienced a higher rate of recurrence than
patients in the HER2-negative group. Furthermore, the HER2-
positive group had lower RFS and OS than the HER2-negative
group. Few other studies have evaluated the prognostic value
of HER2 in UPSC. Slomovitz et al.®® reported that HER2
overexpression was associated with a lower OS (P = 0.008).
They also reported that, in multivariate analysis, HER2 overex-
pression, lymph node status, and stage were each correlated
with OS (P < 0.05).%%

In our multivariate analysis, HER2 overexpression was an
independent prognostic factor for RFS (HR 2.94; 95% CI 1.18-
6.90; P = 0.022), but not for OS. The latter negative result
may have been due to the small number of UPSC patients in
the follow-up, and the small number with HER2 overexpres-
sion (10 cases).

Both ER and PR are present in normal endometrial tissue as
well as in endometrial carcinoma. It is known that HR-positive
breast cancers and Type 1 endometrial carcinomas, both associ-
ated with a hyperestrogenic state, have a better clinical out-
come than HR-negative breast cancers and Type II
endometrial cancers, which are not associated with a hyperes-
trogenic state. In endometrial cancers, the absence of HRs is
considered an indicator of aggressive tumor growth and poor
patient prognosis. 13737 Therefore, we propose that Type II
endometrial carcinoma with HR expression is associated with
a good prognosis. To the best of our knowledge, few studies
have evaluated the prognostic value of ER and PR in UPSC.
The present study is the largest correlating ER and PR expres-
sion with the clinical outcome of UPSC patients. The fre-
quency of HR expression in our UPSC cohort was 52% (37/
71). Reported frequencies of ER and PR expression in previ-
ous studies from 23.8% to 50% for ER and from 19% to
45.5% for PR.®*0 Therefore, UPSC frequently express ER
and PR despite being unrelated to estrogenic stimulation.

In terms of clinicopathological parameters, the HR-positive
group did not have pelvic lymph node metastasis and had neg-
ative LVSI and lower recurrence rates than the HR-negative
group. Moreover, HR expression was signiﬁcantly associated
with higher RFS and OS. Fukuda et al.’™ reported that ER/
PR-positive cases had significantly higher disease-free survival
rates in endometrioid adenocarcinoma of the uterine corpus.
However, there appears to be no information in the literature
regarding the significance of HRs as prognostic parameters in
UPSC. In the present study, multivariate analysis revealed that
HR expression was an independent prognostic indicator for
RFS (HR 0.41; 95% CI 0.18-0.86; P = 0.018) and OS (HR
0.41; 95% CI 0.16-0.98; P = 0.044). Furthermore, HR expres-
sion was the only independent favorable prognostic factor for
OS: Other factors, such as FIGO stage, histologic subtype,
myometrial invasion, lymph node status, and LVSI, lost their
prognostic significance. No other studies have investigated HR
expression as a prognostic factor for RFS and OS in patients
with UPSC. In the present study, HRs were expressed less
frequenth in UPSC than reported for endometrioid carci-
noma,®®*® but still seem clinically useful for prognosis.
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In the present study, there were 21 cases (30%) of mixed-
type UPSC. Mixed serous and endometrioid carcinomas con-
taining at least 25% of the serous component have been shown
to behave in the same way as pure serous carcinomas.“”
Using univariate and multivariate analyses, we also showed
that HER2 and HR were important prognostic factors for pure-
type UPSC. We assume that the results of the present study
hold true for both pure- and mixed-type UPSC.

The breast cancer group that lacks ER and PR expression
and has HER2 protein overexpression is classified as the “tri-
ple-negative” subtype, with the tumors characterized as aggres-
sive and more likely to recur and metastasize than those of
other subtypes.(42) Kothari er al.® reported that the triple-neg-
ative phenotype in endometrial cancer was also associated with
poor prognostic factors. However, in the present study, the
prognosis of patients with triple-negative UPSC was intermedi-
ate between those with HR-positive HER2-negative UPSC and
HR-negative HER2-positive UPSC.
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In conclusion, UPSC is an aggressive variant of endometrial
carcinoma and the optimal therapy for this condition has not
yet been developed. The significance of HER2 and HR for
prognosis in UPSC was not sufficiently clear, but the present
study has demonstrated that clinicopathological factors and
molecular biological prognostic factors, such as HER2 and
HR, are related to RFS and/or OS in patients with UPSC.
Although UPSC is a rare tumor, it is mandatory to establish
novel therapies, including chemotherapy, endocrine therapy
and molecular-targeted drug therapy, based on the findings of
the status of these molecular biological markers.
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Abstract
Background/Aims: To determine the clinicopathological
characteristics and potentially associated outcomes in pa-
tients diagnosed with serous adenocarcinoma of the uterine
cervix. Methods: The records of surgically-treated patients
with pathological stage pT1b-2b serous adenocarcinoma
were reviewed. Results: Of 12 patients with serous adeno-
carcinoma who underwent radical hysterectomy, five had
pT1bINO disease, two pT1bIN1, two pT1b2N0, and three
pT2bN1. The 5-year overall survival rate for patients with or
without parametrial involvement (pT2b vs. pT1b) was 0 and
89%, respectively. The 3-year recurrence-free survival rate
for those with or without parametrial involvement was 33
and 89%, respectively. Four patients suffered recurrence,
namely one of those who had pT1b (1/9, 11%) and 3 of those
who had pT2b disease (100%). The sites of recurrence of pT2b
disease were outside the pelvis in all 3 patients. Of these, 2
(67%) had peritoneal spread and 1 distant node metastasis.
Conclusion: While patients with pathological stage pTib
disease may have a relatively favorable outcome after radical
surgery, those with more advanced disease have a poor
prognosis because of extra-pelvic recurrence.
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Introduction

Serous adenocarcinoma of the uterine cervix (SACC)
is a very rare tumor, while this histological subtype is
common in the ovary, Fallopian tube, and peritoneum.
Probably for this reason, details of the clinicopathological
features of SACC are largely unknown [1, 2]. Reports in
the literature are on very limited numbers of patients,
with the largest to date including 17 patients [3], this be-
ing the only report concerning the clinicopathological
factors and prognosis of more than 10 cases. Of these 17
patients, the prognosis of 9 was made after hysterectomy.
The present retrospective study assessed the clinicopath-
ological features and prognosis of 12 patients with SACC
who underwent hysterectomy.

Material and Methods

We reviewed the medical records and pathological specimens
obtained from all patients with primary cervical carcinoma treat-
ed and diagnosed at the Gynecology Division and Pathology Sec-
tion of the National Cancer Center Hospital, Tokyo, Japan, be-
tween 1985 and 2005. All definitive diagnoses were made based
on excised specimens.

This study included patients who had had alesion fulfilling the
histological criteria for serous adenocarcinoma according to the
criteria of the World Health Organization International Histo-
logical Classification of Tumors and who had undergone a pri-
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