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No. Gene Location P-value Hazard ratio CL of HR Biological process
30 ADRB2 5q31-q32 0.000195 0.107 3.31E-02-0.347 Cell communication/sig-
nal transduction
31 RALYL 8q21.2 0.000217 341 1.78-6.54 Regulation of nucleo-
base, nucleoside,
nucleotide and
nucleic acid
metabolism
32 GPRINI 5q35.2 0.000235 315 5.01-198 Biological process
unknown
33 FGD4 12pl1.21 0.000247 389 16-9440 Cell communication/sig-
nal transduction
34 APCDDIL 20q13.32 0.000252 3.91 1.89-8.14 Biological process
unknown
35 SI00A] Iq21 0.000255 441 1.99-9.76 Cell communication/sig-
nal transduction
36 CLDNé 16pl13.3 0.000260 3.39 1.76-6.52 Cell growth and/or
maintenance
37 Cl0orf91l 10q26.3 0.000261 2.23E+22 2.25E + 10~
2.22E + 34
38 C5orf34 5pl2 0.000266 6.17E + 28 2.07E + 15~ Biological process
1.84E + 44 unknown
39 PTPRT 20ql2-ql3 0.000273 29.9 4.8-186 Cell communication/sig-
nal transduction
40 ISYNAI 19p13.11 0.000294 1340 27.2~66000 Metabolism:Energy
Pathway
41 ILIRAPL2 Xq22 0.000299 228 124310 Cell communication/sig-
nal transduction
42 PRKCBI lépli.2 0.000305 0.118 3.70E-02-0.377 signal transduction
43 SFRP2 4q31.3 0.000309 749 2.51-224 Cell communication/sig-
nal transduction
44 CAPG 4p15.33 0.000335 2.47E + 06 793-7.67E + 09 Regulation of nucleo-
base, nucleoside,
nucleotide and
nucleic acid
metabolism
45 MPP6 7pl5 0.000340 6.12 2.27-16.5 Cell communication/sig-
nal transduction
46 PDE6B 4pl6.3 0.000355 3540 40-3.14E + 05 Metabolism:Energy
Pathway
47 FBXW4 10q24 0.000357 5.89E-03 3.52E-04-9.87E-02 Protein metabolism
48 SYTI3 Ipl2-pll 0.000370 3.55 1.77-7.14 Transport
49 FLJ3201 1 0.000389 16.7 3.53-79.3
50 HISTIH3G 6p22.1 0.000406 14.3 3.28-62.6 Regulation of nucleo-
base, nucleoside,
nucleotide and
nucleic acid
metabolism
51 HUNK 21q22.1 0.000409 343 13.5-8730 Cell communication/sig-
nal transduction
52 LOC389257 0.000413 2.60E + 08 5550-1.21E+ 13
53 Cl3orf35 13g34 0.000449 3.52E +43 1.68E + 19~ Biological process
7.38E + 67 unknown
54 KIAA2018 3qi3.2 0.000456 391E+09 16900-9.04E + 14 Transcription
55 COL9A3 20q13.3 0.000458 4.24E + 03 39.7-4.53E + 05 Cell growth and/or
maintenance
56 B4GALT3 Iq21-q23 0.000460 254 4.16-155 Metabolism:Energy
Pathway
57 UBXN2A 2q23.3 0.000482 17.9 3.54-90.5 Biological process

unknown
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No. Gene Location P-value Hazard ratio CL of HR Biological process

58 LHX4 1q25.2 0.000518 6.10E + 03 44.4-8.36E + 05 Regulation of nucleo-
base, nucleoside,
nucleotide and
nucleic acid
metabolism

59 PCDHBI 5q31 0.000592 1.47E + 03 22.9-941E + 04 Cell growth and/or
maintenance

60 HMGA2 12q15 0.000670 2.94E + 04 78.3-1.11E+ 07 Regulation of nucleo-
base, nucleoside,
nucleotide and
nucleic acid
metabolism

6l NAT 12 14q22.3 0.000715 |.59E + 04 58.6—4.31E + 06 Metabolism:Energy
Pathway

62 GNBI 1p36.33 0.000724 6.31E —02 1.27E-04-0.313 Cell communication/sig-
nal transduction

63 KENAE 5ql3.2 0.000768 1.30E + 04 52.2-3.26E + 06 protein metabolism

64 PRR17 20q13.33 0.000771 356 I1.6~1.10E + 04 Biological process
unknown

65 XIRP2 2q24.3 0.000803 28.7 4.03-204 Cytoskeletal anochoring

66 SFXNI 5 0.000815 7.09 2.25-22.3 Transport

67 PRPF8 17p13.3 0.000837 1.23E-02 9.34E-04-0.163 Regulation of nucleo-
base, nucleoside,
nucleotide and
nucleic acid
metabolism

68 HISTIHID 6p21.33 0.000844 8820 42.5-1.83E+ 06 Regulation of nucleo-
base, nucleoside,
nucleotide and
nucleic acid
metabolism

69 MGAT4A 2ql2 0.000870 9.77 2.55-37.4 Metabolism:Energy
Pathway

70 OR8GI 11q24.2 0.000880 3.22E + 05 183-5.67E + 08 Cell communication/sig-
nal transduction

71 MGC10997 0.000927 5.84 2.06-16.6

72 MURC 9q31.1 0.000935 315 10.4-9510 Biological process
unknown

73 LECT2 5q31.1 0.000948 5.75E + 06 564-5.85E+ 10 Immuno response

74 BPY2B Yqli.223 0.000977 5.52E-34 9.37E-54-3.25E-14 Cell growth and/or
maintenance

75 ARHGAP4 Xq28 0.000980 61.7 5.32-716 Cell communication/sig-
nal transduction

76 Cléorf73 16pi13.3 0.000981 7.71 2.29-26 Biological process
unknown

77 AVP 20p13 0.000984 395 4.44-352 Reglation of biological
process

78 ADCY4 14ql2 0.000988 9.30E-02 2.26E-04-0.382 Cell communication/sig-
nal transduction

79 MFI2 3q28-q29 0.000997 2.11E+ 08 2330-191E+ 13 Immuno response

We found 17 genes that were included among
the top 79 genes of both cancer and stroma. Of
these, 10 genes were related to cell communica-
tion/signal transduction. We have previously
reported that EGR1 expression, not only in can-
cer but also in stromal cells, is related to progno-
sis of ovarian cancer, and in agreement with this,

Genes, Chromosonmes & Cancer DOT 10.1002/gec

we found that EGR1 was found in the nuclei of
cancer cells, as well as in the associated fibro-
blasts, in EC (Kataoka et al.,2012). There are sev-
eral interpretations of this phenomenon: (1) these
10 gene products were produced by the cancer
cells, and cancer cells stimulate stromal cells,
including cancer-associated fibroblasts (CAFs), to
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(A) The receiver operating characteristic (ROC) curve with 0.632 adjustment for

cancer. The estimated AUC of ROC was 0.800. (B) The ROC curve with 0.632 adjustment for

stroma. Estimated AUC of ROC was 0.758.

subsequently produce these proteins; (2) these 10
gene products were produced by stromal cells,
including CAFs, and the stromal cells stimulate
cancer cells to produce these proteins; and (3)
some part of the cancer stroma originated from
cancer cells.

Kato et al. (2010) recently reported on the isola-
tion and characterization of side-population (SP)
cells in human EC, and demonstrated that SP cells
formed large, invasive tumors, comprised of both
tumor and stromal-like cells, where the stromal-
like cells were derived from the inoculated tumor
cells. Cancer-induced fibroblasts are  generally
thought to be either host cells, including tissue
and bone marrow-derived fibroblasts (Hanahan
and Weinberg, 2000; Bissell and Radisky, 2001), or
alternatively originate from the epithelial mesen-
chymal transition of cancer cells. Further studies
were required to clarify this.

Dakhova et al. (2009) reported that genes
encoding growth factors or receptors (ERBB2Z,
FGF19, FLRT1, NOTCH1, WNT108, TGFBR2,
KIT, EDNRB, and GDNF), extracellular matrix
proteins (COMP, MEPE, LAMAZ, and FGA), and
matrix interacting proteins (SDC4, LRP1, CD36,
and THBS4) were upregulated in reactive stroma.
Finak et al. (2008) reported that in breast cancer
patients with poor prognosis, genes related to
angiogenesis, hypoxia, or tumor-associated macro-
phage responses, such as ADM, ILS, EDNI, SPPI,
and CXCL7 were upregulated, whereas genes
related to the negative regulation of the WN'T
receptor (FRZB) and development (HOXAI0)
were downregulated. In contract, in breast cancer

patients with good prognosis, genes associated
with the T helper type 1 immune response,
including 1" cell receptor complex (CDSA, CD247,
and CD3D), MHC class 1 protein binding (GDSA),
and granzyme A and granzyme B activity (GZMA)
were upregulated. In this study, genes in stroma
encoding cell communication/signal transduction

proteins  (GPC5, PTGERI  WDR40B, PRCC,
ACRVI, ADORA3, RASALZ, TRIO, ADRB2, FGD4,
S100A1, PTPRT, [LIRAPLZ, SFRPZ2, MPPo,

HUNK, GNB1, ORSGI, ARHGAP4, and ADCY4) or

regulation of nucleobase, nucleoside, nucleotide,

and nucleic acid metabolism-related  proteins
(LIN28, ZNF620, Z7ZBTBI12, RALYL, CAPG,
HISTIH3G, [LHX4, HMGA2, PRPFS, and

HISTIHID) were common. Immune response-
related genes (SUSD4, CXCL6, PSG2, LECTZ,
and MFI2) were more common In stroma
compared with cancer, whereas apoptosis-related
genes (SPC25, GIMAP5, ZNF382, and DRAM)
were more common in cancer compared with
stroma.

Based on the 79 genes of cancer, the 22 recur-
rent cases were divided into two groups, excluding
three cases. One group tended to include grade
three tumors. However, based on the 79 genes of
stroma, the 22 recurrent cases were almost homo-
geneous, excluding three cases. This mayv indicate
that the recurrence-related genes in cancer differ
between high-grade and low-grade tumors. In con-
trast, stromal gene expression is likely not depend-
ent on the grade of cancer. It is generally thought
to be difficult to find unique biomarkers unrelated
to histological type as cancer usually consists of

Genes, Chromasomes & Cancer DO 10.1002/gee
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various types of histology.  Stromal-based  bio-
markers may solve this problem.

In conclusion, the formula based on the gene
expression profile of cancer and stroma established
here can predict the recurrence of EC. The

recurrence-related  genes  in cancer  differed
between  high-grade and  low-grade  tumors,

whereas stromal gene expression was not depend-
ent on the tumor grade.
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Ubjective: To evaluate uterine and ovarian cancer mortality trends in East Asian countries.

Methods: For three Asian countries and one region (Japan, Korea, Singapore, and Hong Kong), we extracted number of deaths
for each year from the World Health Organization (WHO) mortality database, focusing on women =20 years old. The WHO
population data were used to estimate person-years at risk for women. The annual age-standardized, truncated rates were
evaluated for four age groups. We also compared age-specific mortality rates during three calendar periods (1979 to 1988,
1989 to 1998, and 1999 to 2010). Joinpoint regression was used to determine secular trends in mortality. To obtain cervical and
uterine corpus cancer mortality rates in Korea, we re-allocated the cases with uterine cancer of unspecified subsite according to
the proportion in the National Cancer Incidence Databases.

Results: Overall, uterine cancer mortality has decreased in each of the Asian regions. In Korea, corrected cervical cancer mortality
has declined since 1993, at an annual percentage change (APC) of —4.8% (95% confidence interval [Cl], —=5.3 to —4.4). On the
other hand, corrected uterine corpus cancer mortality has abruptly increased since 1995 (APC, 6.7; 95% Cl, 5.4 to 8.0). Ovarian
cancer mortality was stable, except in Korea, where mortality rates steadily increased at an APC of 6.2% (95% Cl, 3.4 to 9.0)
during 1995 to 2000, and subsequently stabilized.

Conclusion: Although uterine cancer mortality rates are declining in East Asia, additional effort is warranted to reduce the
burden of gynecologic cancer in the future, through the implementation of early detection programs and the use of optimal
therapeutic strategies.

Keywords: Mortality, Ovarian neoplasms, Time trends, Uterine neoplasms

INTRODUCTION common causes of death from cancer in Asia [1]. It has been

estimated that the number of deaths due to uterine and ovar-

Uterine and ovarian cancers are responsible for 10% and
2% of all cancer deaths worldwide, respectively, causing an
estimated 489,000 deaths annually. Indeed, cancers of the
cervix and ovary are respectively the fifth and seventh most
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ian cancer will reach approximately 347,100 by 2020 in Asia
alone [1].

Mortality from cancers of the uterus and ovaries has been de-
clining in Western countries for decades [2-5]. The incidence
and mortality rates of gynecologic cancers in Asian countries
differ from those in Western countries. Cervical cancer remains
a major health problem in East Asia, although incidence rates
have been decreasing [6,7]. In recent decades, East Asia has
experienced rapid economic growth and social transforma-
tion. These socioeconomic changes have resulted in improved
treatments and advances in screening. In particular, cervical

Copyright © 2014. Asian Society of Gynecologic Oncology, Korean Society of Gynecologic Oncology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-
/ ed non-commercial use, distr

MonNs.org/ }
any medium, provided the orig

b permits unrestri
work is properly cited.

rcial License
ution, and

WWW, ff

F%S

sjeRely

[438]

.

— 483 —



Gynecologic cancer mortality in East Asia

cancer screening programs were introduced as early as the
1980s, and routine gynecologic examination has become
popular in East Asian countries. In addition, behavioral factors
such as delayed and reduced childbearing, use of hormone-
replacement therapy, and reduced physical activity have also
become more prevalent among East Asian women. These
reproductive and lifestyle changes are associated with higher
incidences of uterine corpus and ovarian cancer [8,9]. However,
there are few studies on temporal trend in gynecologic cancer
mortality in East Asian regions.

Specific trends in gynecologic cancer mortality differ widely
by geographic region, age group, and time period. The aim of
this study was to report and compare secular trends of uterine
and ovarian cancer in Hong Kong, Japan, Korea, and Singapore.
We designed our study to fully investigate the different cancer
trends that are present in different regions, age groups, and
time periods. In addition, we used national cancer incidence
data from Korea to correct cervical and uterine corpus cancer
mortality rates, which are otherwise substantially biased by
missing cancer subsite information in mortality databases.

MATERIALS AND METHODS

1. Data source

The World Health Organization (WHO) obtains data on
deaths by age, sex, and cause of death, as reported annually
by member states based on their civil registration systems.
WHO compiles these data in the WHO mortality database.
The 4 East Asian regions with data available for longest period
were Japan, Singapore, Korea, and Hong Kong. The coverage
of cause of death in the registration systems had increased
over 85% since 1990. We extracted annual uterine cancer
mortality data for women aged >20 years in Hong Kong (1966
to 2009), Japan (1955 to 2010), Korea (1985 to 2010), and
Singapore (1966 to 2009) from the WHO mortality database
[10]. Ovarian cancer mortality data were also extracted from
the same database for Hong Kong (2007 to 2009), Japan (1979
to 2010), Korea (1985 to 2010), and Singapore (1979 to 2009).
To obtain estimates of person-years at risk, we used WHO
population data [10].

Uterine cancer mortality was defined as deaths in the WHO
mortality database that were coded as C53 (uterine cervical
cancer), C54 (uterine corpus cancer), or C55 (unspecified
uterine cancer), according to the International Statistical
Classification of Disease and Related Health Problems, 10th
revision (ICD-10) [11]. Assessment of ovarian cancer mortality
was based on the ICD-10 code C56. Uterine cervical cancer
and uterine corpus cancer have different etiologies and prog-

J Gynecol Oncol Vol. 25, No. 3:174-182
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noses, and the ICD-10 code C55 (which is, “uterus, unspecified
site”) makes it difficult to determine the exact cervical and
uterine corpus cancer mortality trends [12-15]. To solve this
problem, we corrected the number of cervical cancer and
uterine corpus cancer deaths using death certificate data dur-
ing 1993 to 2010 from the Statistics Korea and data on cases of
unspecified uterine cancer from the National Cancer Incidence
Databases (NCIDB) of Korea [16]. To obtain a corrected count
of cervical cancer deaths, we multiplied the total number of
registered unspecified uterine cancer deaths (ICD-10: C55)
by the proportion of registered, incident uterine cancer cases
that were specifically coded as cervical cancer (ICD-10: C53).
We then added the result to the deaths known to cause cervi-
cal cancer, thereby achieving at a corrected total of cervical
cancer deaths. Analogous methods were applied to obtain a
corrected estimate of uterine corpus deaths. The details of this
correction procedure have been described in a previous re-
port [17]. As the personal identification number used for data
was deleted, this study did not require the ethical approval of
the Institutional Review Board.

2. Statistical analysis

Annual age-standardized mortality rates were estimated
using the world standard population [18]. Rates were age-
standardized to the Segi’'s 1960 world standard, using the
direct method. Annual percentage change (APC) was used
to compare changes in gynecologic cancer mortality by
age group within each time period. We also compared age-
specific mortality rates across three calendar periods (1979 to
1988, 1989 to 1998, and 1999 to 2010). Trends in gynecologic
cancer mortality were assessed using joinpoint regression
model. This analysis was performed using the Joinpoint
software ver. 3.5.3 from the Surveillance Research Program
of the US National Cancer Institute {Bethesda, MD, USA) [19].
The joinpoint method identifies the best-fit lines through
several years of data. The method proceeds by fitting a series
of joined lines, which are straight on a logarithmic scale, to
trends in the annual age-adjusted cancer mortality rates. The
line segments are joined at points called joinpoints, each of
which indicates a statistically significant change in trend.

RESULTS

1. Uterine and ovarian cancer mortality rates

Table 1 presents age-standardized uterine and ovarian
cancer mortality rates per 100,000 women for each region. In
general, mortality rates due to uterine cancer are higher than
those due to ovarian cancer. During 1966 to 2009, Singapore
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experienced the highest uterine cancer mortality rates among
the four regions. In 2009, Korea had the lowest uterine cancer
mortality rates among these regions. Between 2000 and 2009,
Singapore had the highest ovarian cancer mortality rates.
Furthermore, Korea and Hong Kong had the lowest ovarian
cancer mortality rates.

2. Trends in uterine cancer mortality rates

Fig. 1A presents overall trends in uterine cancer mortality
rates for each of the four East Asian regions. When certified
uterine cancer deaths (ICD-10: C53, C54, and C55) are plotted,
a significantly decreasing trend is evident throughout the
entire study period.

Indeed, overall, uterine cancer mortality rates significantly
declined across the study period for each of the four regions
(Table 2, Fig. 1A). During the entire study period, Singapore
had the highest uterine cancer mortality of the four regions,
although there has been a trend of decreasing uterine cancer
mortality in Singapore since 1966 (APC, —2.3%; 95% confi-
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dence interval [Cl], =2.6 to —2.1). In Hong Kong, there was
an overall trend of decrease of uterine cancer mortality since
at least 1966 (APC, —4.0%; 95% Cl, —4.6 to —3.5). More rapid
reductions in uterine cancer mortality occurred in Japan be-
tween 1970 and 1990 (APC, —4.9%; 95% Cl, —5.1 to —4.8) and
in Korea between 1994 and 2010 (APC, —4.4%; 95% Cl, —4.8 to
—4.0). After 1990, however, the trend of decreased mortality
began to slow in Japan. In the three Asian countries and Hong
Kong, uterine cancer mortality rates have been declining sig-
nificantly in almost all age groups. Fig. 2A presents changes in
mortality rates by age group. Interestingly, the uterine cancer
mortality rates tended to increase among women 20 to 34
years of age in Japan and among women over 70 years of age
in Korea. '

3. Trends in ovarian cancer moriality rate

Overall, no significant changes in ovarian cancer mortality
were observed, except in Korea and Japan (Table 2). In Korea,
ovarian cancer mortality rates significantly increased (APC,

10 - Hong Kong
---- Japan

97 —— Korea

8 Singapore
7 -
6 -
5 -
4 =
3 _
2 -
1 -
0

Mortality rate per 100,000 person-years [0

2000 2005 2010

Year

1990 1895

Fig. 1. Trends in uterine® and ovarian cancer mortality rates (age-standardized, women =20 years) obtained by joinpoint regression for 4 female
Asian populations. (A) Uterine cancer. (B) Ovarian cancer. *Uterine cancer includes cervix uteri (International Statistical Classification of Disease
and Related Health Problems, 10th revision [ICD-10] code C53); corpus uteri (ICD-10 code C54); and uterus, unspecified (ICD-10 code C55).

Table 1. Gynecologic cancer deaths and age-adjusted mortality rates among women >20 years according to region and calendar year

Age-adjusted uterine cancer* death rate

Age-adjusted ovarian cancer death rate

Country Period (220 yr) per 100,000 women Period (=20 yr) per 100,000 women
1970 1980 1990 2000 2009 1980 1990 2000 2009
HongKong  1966-2009 167 12, 9.0 63 6.0 2001-2009 - - - 38
Japan 1955-2010 18.4 13 6.9 6.5 6.2 1979-2010 4.6 55 53 53
Korea 1985-2010 - - 109 78 53 1985-2010 - - 34 3.8
Singapore 1966-2009 217 17.1 125 11.9 7.2 1979-2009 - - 6.1 57

*Uterine cancer includes cervix uteri (International Statistical Classification of Disease and Related Health Problems, 10th revision [ICD-10] code
C53); corpus uteri (ICD-10 code C54); and uterus, unspecified (ICD-10 code C55).
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cervix uteri (International Statistical Classification of Disease and Related Health Problems, 10th revision [ICD-10] code C53); corpus uteri (ICD-10
code C54); and uterus, unspecified (ICD-10 code C55).

Table 2. Estimated annual percentage change of gynecologic cancer death rates, with 95% Cls

Trend 1 Trend 2 Trend 3
Year APC 95% Cl Year APC 95% C| Year APC 95% Cl

Uterine cancer*
HongKong  1966-2009 -40"  —46,-35
Japan 1955-1970 -321 -34,-30  1970-1990 -497 —5.1,—-48  1990-2010 -0.2° -0.4, -0.1
Korea 1985-1994 -1.41 ~23,-05 1994-2010  —4.47 —48,-4.0
Singapore 19662009 23" =26,-21
Qvarian cancer

Hong Kong 2001-2009 -04 -3.1,23

Japan 1990-1997 107 04,18 1997-2000  -3.1 -79,20 2000-2010 0.0 -04,04
Korea 1995-2000 62" 34,90 2000-2010 1.1 00,23

Singapore 19912009 -05 -16,05

APC, annual percentage change; Cl, confidence interval.
*Uterine cancer includes cervix uteri (International Statistical Classification of Disease and Related Health Problems, 10th revision [ICD-10] code
C53); corpus uteri (ICD-10 code C54); and uterus, unspecified (ICD-10 code C55). TThe APC is significantly different from zero (p<0.05).
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Table 3. Calculation of the corrected cervical cancer and uterine corpus cancer deaths in Korea (1993 to 2010)

No. of deaths by cause of death*

Uterine, unspecified (C55)

Proportion among all cancer (%) Corrected deaths

Year Uterine,  Uterine, ) Registered as cancer incidence cases’
cenix  copus  Utene T ed Uteri Uteri Uteri ix Uteri Uteri ix Uteri
(C53)(A)  (C54)(a) unspecified egistered as erine, erine, erine, cervix Uterine, corpus erine, cervix Uterine, corpus
(C55) B) cancer of all cervix corpus (E)=(D)/ (e)=(d)/ (G)=(A)+ (g)=(a)+
sites (O)* (C53) (D) (C54) (d) (Q)x100 Q%100 (B)X(E)/100  (B)X(e)/100

1993 416 4 944 542 419 22 773 4.1 1,125 50
1994 548 8 925 575 450 27 783 4.7 1,268 55
1995 544 29 839 576 448 26 77.8 45 1,192 69
1996 656 29 714 483 382 26 79.1 54 1,213 65
1997 680 30 709 507 384 28 757 55 1,216 67
1998 606 37 665 511 395 31 773 6.1 1,116 78
1999 690 38 593 476 345 40 725 84 1,118 85
2000 726 50 534 431 328 33 76.1 7.7 1,134 87
2001 807 56 495 419 313 37 747 8.8 1,177 96
2002 1,009 120 252 166 104 17 62.7 10.2 1,168 143
2003 1,111 146 140 94 54 9 574 9.6 1,192 157
2004 1,078 125 122 72 28 14 389 19.4 1,135 144
2005 1,066 151 128 84 42 22 50.0 26.2 1,133 183
2006 1,002 146 92 60 28 11 46.7 18.3 1,045 163
2007 987 165 89 63 22 21 349 333 1,019 195
2008 954 210 97 77 41 21 53.2 273 1,007 236
2009 949 221 87 66 24 13 364 19.7 982 238
2010 956 222 94 67 25 23 373 343 995 249
Total 14,785 1,787 7,519 5,269 3,832 421 61.5 14.1 20,235 2,360

*National death certificate data, Statistics Korea. "Korea National Cancer Incidence Databases.

2.6%; 95% Cl, 1.8 to 3.5) across the entire period (1995 to
2010). Especially, rapid increase in ovarian cancer mortality
occurred during 1995 to 2000 (APC, 6.2%; 95% Cl, 3.4 t0 9.0). In
Japan, ovarian cancer mortality rates began to increase during
1990 to 1997 (APC, 1.1%; 95% Cl, 0.4 to 1.8). Subsequently,
the mortality rates appeared to decline, but the reduction
was not statistically significant. Fig. 1B presents overall
trends in ovarian cancer mortality rates for the four regions
that were investigated in the current study. Fig. 2B presents
ovarian cancer mortality by age group, again for each of these
four regions. Among women older than 70 years, prominent
increasing trends were found in Japan, Korea, and Singapore.

4. Corrected trends in uterine cervix and corpus mortality
rates in Korea
Table 3 presents our method of correcting the number of
annual deaths due to uterine cervix and uterine corpus cancer,
based on the NCIDB in Korea. The proportion of all uterine
cancer deaths with unspecified subtype was the highest in
1993 (69.2%) and gradually diminished until 2010 (7.4%),

178 www.ejgo.org

which suggest significant improvement of quality of the death
certificate over the past two decades.

Fig. 3 presents the overall trends in cervical and uterine
corpus cancer mortality rates in Korea, using the corrected
estimates of mortality. After corrections, it was evident that
overall age-standardized cervical cancer mortality rates
significantly declined during 1993 to 2010 (APC, —4.8%; 95%
Cl, =5.3 to —4.4). On the other hand, increase in corrected
uterine corpus mortality rates were observed during 1995
to 2010 (APC, 6.7%; 95% Cl, 5.4 to 8.0). Suppl. Table 1 and
Fig. 1 present changes in mortality rates by age group.
Whereas cervical cancer mortality rates have been declining
significantly in almost all age groups, a nonsignificant trend of
increasing mortality rates was found among women 20 to 34
years of age after 2004 (APC, 6.4%; 95% Cl, —2.6 10 16.2).

In the present study, we compared and assessed secular
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trends of gynecologic cancer mortality among four East Asian
female populations, including specific examinations of age-
specific mortality. In some European countries, over 70% of
deaths from uterine cancer were allotted to “uterus unspeci-
fied” during 1960; however, this proportion had reduced to
30% by around 1995 [14]. In Korea, a proportion of classifica-
tion of “uterus, unspecified” has decreased from 69.1% of uter-
ine cancer deaths in 1993 to 18.4% of uterine cancer deaths
in 2002 [17]. We corrected the counts of cervical cancer and
uterine corpus cancer deaths by referencing NCIDB in Korea.
Our correction procedure allowed us to estimate separate
mortality rates for cervical and uterine corpus cancer. After
correcting the WHO mortality data, we found that cervical
cancer mortality rates had decreased since at least 1993. On
the other hand, the corrected data also revealed a trend of
increasing uterine corpus cancer mortality rates, which began
during or before 1995.

Considering the similar cancer mortality patterns that we
observed across the four Asian regions, it is likely that the ma-
jority of deaths registered as “uterus, unspecified site” are the
result of cervical cancer, as we found in Korea. Therefore, the
overall trend of declining uterine cancer mortality might be
attributed to the specific decline in cervical cancer mortality.
This finding is also confirmed by gynecologic cancer mortality
statistics from the Singapore Cancer Registry (Suppl. Fig. 2)
[20].

Cervical cancer mortality has been decreasing in most de-
veloped countries, possibly as a result of early diagnosis and
improved treatments [12,21-23]. Two causes likely explain the
majority of the trend of decreasing cervical cancer mortality
that we found in the four East Asian regions. First, mortality
reductions have resulted from trends of decreasing incidence.

J Gynecol Oncol Vol. 25, No. 3:174-182

Particularly, cervical cancer incidence has decreased as lesions
have been detected increasingly early, when they are pre-
cancerous. The value of cervical cancer screening programs
is widely accepted, and national screening programs for
cervical cancer have been introduced in Japan (1983), Korea
(1988), Taiwan (1995), and Hong Kong (2004). Cervical cancer
screening programs have led to decreases in the incidence of
invasive cervical cancer in Japan [7], Korea [24], and Taiwan
[25]. Further, successful treatment of precancerous lesions
(such as intraepithelial neoplasm and carcinoma in situ) has
resulted in a decreasing trend of invasive cervical cancer.
Second, mortality reductions have resulted from advances
in cervical cancer therapy, particularly the introduction of
concurrent chemoradiation. In 1999, Keys et al. [26] demon-
strated that concurrent chemoradiation is associated with
better outcomes than radiation alone. Since then, concurrent
chemoradiation has been accepted as a standard treatment in
the form of either a primary treatment or adjuvant treatment
after surgery.

A worrying finding of our study was that uterine cancer
mortality rates appeared to be increasing among women
<50 years in Japan. Most deaths from uterine cancer among
women <50 years can be attributed to cervical cancers [14].
Accordingly, the trend of increasing uterine cancer among
younger women in Japan may reflect the trend of increasing
cervical cancer incidence in this same population [27-29].
In Korea, cervical cancer mortality rates tended to increase
among women 20 to 34 years of age after 2004. Although
this increase was not statistically significant (APC, 6.4%; 95%
Cl, —2.6 to 16.2), further efforts are required to improve the
outcomes in this young age group.

Despite decreasing trends of cervical cancer mortality in
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Asian countries, cervical cancer still has the second greatest
incidence of all cancers among young women in East Asian
countries [30]. Because cervical cancer has been demonstrated
to be a preventable disease, additional efforts are warranted
in East Asia. Specific strategies to prevent cervical cancer are
required, including both primary and secondary preventive
measures, such as human papillomavirus vaccination and
national cervical cytology screening.

Although the trends of decreasing cervical cancer mortality
are promising, our results show an abrupt increase in uterine
corpus cancer mortality in Korea. This finding should be inter-
preted in the context of the abruptly increasing incidence of
endometrial cancer in East Asia [7,31]. Uterine cancer is mainly
diagnosed among postmenopausal women. Endometrial can-
cer constitutes the majority of cases, while uterine sarcoma is
a rare malignancy that accounts for approximately 3% of all
uterine cancers [32]. Although endometrial cancer is the most
common malignancy of the female genital tract in Western
countries, its incidence is rather low in East Asia [33]. Changes
in risk factors, especially those associated with lifestyle, have
been suggested as the principal cause of the increasing
endometrial cancer incidence in East Asia [31]. In particular,
one of the established risk factors for endometrial cancer is
an increase in unopposed estrogen, which can result from
obesity or diabetes mellitus. Based on the trend of increasing
uterine corpus cancer incidence that has been reported [34],
we suggest that the burden of mortality from uterine corpus
cancer will also increase in East Asia within the near future.

A troubling finding of the present study was the persistently
high pattern of ovarian cancer mortality rates in Hong Kong,
Japan, and Singapore, along with the trend of increased mor-
tality in Korea. In Korea, increases in ovarian cancer mortality
rates were found for all age groups, except women 20 to 34
years of age. In Japan and Singapore, it appeared that past
age-specific decreases ovarian cancer mortality were reversing.

In the United States, ovarian cancer mortality rates leveled
off during the 1980s and declined during the 1990s, with
an annual average change of 0.9% [35]. Three or more years
of oral contraceptive use reduces the risk of ovarian cancer,
and consequently, widespread use of oral contraceptives has
contributed to the trend of declining mortality [36]. Although
oral contraceptives have long been the most common method
of contraception for women in the United States and European
countries, the rate of contraceptive use in East Asia has been
substantially lower. The proportion of the Chinese women
who used pills was only 2.1% in 2006 [37], while approximately
30% of European women used oral contraceptives in 2003
[38]. Therefore, the protective effects of oral contraceptives
only contribute minimally to population cancer rates in Korea.
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In addition, early age at menarche, late age at menopause,
lower fertility rates, and other reproductive factors are also
risk factors for ovarian cancer. Korea and Japan are among the
countries that have the lowest total fertility rates. Indeed, the
total fertility rate has remained below 1.3 in Korea since 2005
[39]. East Asia underwent rapid industrialization during the
1960s, and Asian women born after the 1960s have tended
to undergo menarche at earlier, delay childbirth, and have
reduced fertility rates. The very low fertility rate and the low
use of oral contraceptives will presumably sustain the trend
of increasing ovarian cancer rates in East Asia [40]. Considering
that epithelial ovarian cancer is mostly found at an advanced
stage, and has low survival rates, we expect the burden from
ovarian cancer to increase in Asian countries. Therefore,
improvements to optimal cytoreductive surgery and new
therapeutic modalities are urgently required for ovarian cancer.

In the current study, most of the deaths due to ovarian
cancer occurred in women older than 50 years. Mortality rates
for women over 70 years of age showed an increasing trend
in Asian countries, while rates for women younger than 35
years remained stable or decreased. The present study shows
that mortality rates for women over 70 years of age have
doubled in past 20 years in Korea and Singapore. Considering
that ovarian cancer incidence has not increased abruptly
during the same period (and indeed has remained stable) [34],
the increasing trend of mortality in old age groups could be
the result of under treatment of ovarian cancer [41]. Elderly
patients have been less likely to undergo standard treatments
for ovarian cancer, such as optimal debulking surgery, and
have been less likely to complete chemotherapy. Indeed, it
has been reported that, among patients who do receive opti-
mal treatment, old age is not an independent poor prognostic
factor [42].

The main limitation to this study is the presence of “uterus,
unspecified site” as the cause of death on many death certifi-
cates. This made it impossible to evaluate cervical and uterine
corpus cancer trends separately, based on the WHO mortality
database alone. We corrected Korean cervical and uterine
corpus cancer mortality rates using Korea NCIDB. However, we
were unable to correct the mortality rates for other regions.
In addition, this study is limited by several problems that are
inherent to the WHO mortality database. Specifically, some
mortality data are incomplete and the database does not
include full coverage of all deaths in every region. Inaccuracies
in death registration coverage and cross-national differences
in coding practices should be considered when applying the
results of this study.

In conclusion, uterine cancer mortality has decreased in
Hong Kong, Japan, Korea, and Singapore. After correcting the

nttp//dx.doiorg/10.3802/j90.2014.25.3.174

— 489 —



Gynecologic cancer mortality in East Asia

cervical and uterine corpus mortality rates in Korea, a signifi-
cant trend of decreasing mortality was found for cervical can-
cer, and a trend of rapidly increasing mortality was observed
for uterine corpus cancer. The most important contributor
to declines in cervical cancer mortality has been the early
diagnosis and improved treatments. Overall, ovarian cancer
mortality was stable in East Asia, with the exception of Korea.
A continuing increase in ovarian cancer mortality should be
expected because of trend of increasing incidence in East Asia.
Preventive measures, early detection programs, and standard
use of optimal therapeutic strategies are urgently required,
particularly for older age groups. Such improvements could
include obesity control programs, increases in fertility, wider
oral contraceptive use, optimal cytoreductive surgery, and
novel target agents.
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Abstract

Aim: One of the important risk factors for recurrence of endometrial cancer is lymph node metastasis. The
regional lymph nodes are pelvic lymph nodes (PLN) and para-aortic lymph nodes (PAN). PAN metastasis was
often detected in the cases with PLN metastasis. However, PAN metastasis not associated with PLN metastasis
was identified in a few cases. We focused on nine cases with PAN metastasis and without PLN metastasis.

Material and Methods: The subjects of this study were 260 cases that were diagnosed with endometrial
cancer. The initial treatments were surgery, including pelvic and para-aortic lymphadenectomy. Nine of these
cases had PAN metastasis but did not have PLN metastasis. We retrospectively analyzed the clinicopathological

factors and prognosis in cases with PLN-PAN+ cases.

Results: A total of 91 (35%) cases were identified as positive for either PLN or PAN. PAN metastases were
detected in 62.6% of the cases that had some regional lymph node metastases and 3.5% of all cases were PLN-
and PAN+. In all PLN-PAN+ cases, PAN swelling was not detected by preoperative chest-abdominal com-
puted tomography scan. There were no clear trends among risk factors of regional lymph node metastasis. The
5-year progression-free survival was 87.1% for PLN-PAN- cases, 67.5% for PLN+PAN- cases, 44.4% for

PLN-PAN+ cases, and 33.2% for PLN+PAN+ cases.

Conclusion: During diagnosis and treatment for endometrial cancer, PLN-PAN+ cases should also be con-
sidered because the prognosis in PLN-PAN+ cases tended to be lower than that in PLN-PAN- cases and

PLN+PAN- cases.

Key words: endometrial cancer, para-aortic lymph node metastasis, pelvic lymph node metastasis.

Introduction

Endometrial cancer is characterized by malignant
tumors with increasing prevalence in Japan and has a
relatively more favorable prognosis than other gyneco-
logic cancers. The initial treatment for endometrial
cancer is surgery, including hysterectomy and bilateral
salpingo-oophorectomy (BSO).! The risk factors for

recurrence are deeper myometrial invasion (MI)?
endometrioid adenocarcinoma grade 3 (G3),** histo-
logical type except endometrioid adenocarcinoma,*®
lymphovascular space invasion,*® adnexal metastasis,’
cervical involvement,’® lymph node metastasis,”"° and
distant metastasis.

After conducting an assessment for the risk of recur-
rence on the basis of a pathological diagnosis of a
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surgical specimen, it is common to consider the need
for postoperative adjuvant therapy. Among the risk
factors associated with endometrial cancer, prognosis
is particularly relevant to the presence or absence of
lymph node metastasis.! Because lymphogenous
metastasis is observed more often with endometrial
cancer, it is desirable to perform retroperitoneal
lymphadenectomy (pelvic lymph nodes [PLN] and
para-aortic lymph nodes [PAN]) or biopsies for cases
that are predicted to progress to extrauterine cancer.

Although the diagnostic significance of lymphad-
enectomy has been established, its therapeutic signifi-
cance remains controversial. Therefore, the indication
for retroperitoneal lymphadenectomy may not be firm
in each institution at present. In particular, the indica-
tion for para-aortic lymphadenectomy may differ
between institutions because of the difficulty and inva-
siveness of the surgical procedure.

However, stage IIIC, which includes cases with
regional lymph node metastasis, was subclassified as
HIC1 and IIIC2 on the basis of the presence or absence
of PAN metastasis in International Federation of Gyne-
cology and Obstetrics (FIGO) 2008 staging.! Therefore,
there is a need to perform para-aortic lymphadenec-
tomy for exact endometrial cancer staging. We consid-
ered the indication of para-aortic lymphadenectomy
more thoroughly.

It is commonly considered that a case with PLN
metastasis also has PAN metastasis.”>™ There is the
notion that para-aortic lymphadenectomy should be
performed in patients who are strongly suspected to
have PLN metastasis. However, at our institution, we
encountered some patients who had PAN metastasis
but did not have PLN metastasis. If para-aortic lymph-
adenectomy was not performed in these cases, staging
may have been underestimated.

We report PAN metastasis in endometrial cancer and
focus on nine cases with PAN metastasis and without
PLN metastasis.

Methods

The subjects of this study were 260 cases that were
diagnosed with endometrial cancer during 1990-2012
at our institution. The initial treatments were surgery,
which included hysterectomy, BSO, pelvic lymphad-
enectomy, and para-aortic lymphadenectomy. Nine of
these cases had PAN metastasis but did not have PLN
metastasis.

Surgical procedures for hysterectomy included
simple hysterectomy, modified radical hysterectomy
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(type II), or radical hysterectomy (type III), which were
determined on the basis of the cervical involvement
and ML® BSO was performed in all cases. Pelvic
lymphadenectomy was performed for all cases except
stage IA and endometrioid adenocarcinoma Gl
without MI. Para-aortic lymphadenectomy was per-
formed for the following cases: MI greater than half its
thickness; histological type was endometrioid adeno-
carcinoma G3 except endometrioid; adnexal metasta-
sis; PLN metastasis; or PAN swelling.

Surgical specimens were diagnosed by pathologists
at our institution. Postoperative adjuvant therapy was
administered in cases with the following risk factors
for recurrence: MI; worse histological type and grade;
adnexal metastasis; cervical stromal invasion; vaginal
metastasis; parametrial invasion; regional lymph node
metastasis; and distant metastasis. Adjuvant therapies
were multidrug chemotherapy or radiotherapy.
Multidrug chemotherapy using anthracycline or
taxane and platinum was administered in three to six
cycles as adjuvant chemotherapy. The follow-up period
was 10-15 years after treatment, which included gyne-
cological examination, cytology, computed tomogra-
phy (CT), and tumor markers to investigate recurrence.

PLN included suprainguinal, obturator, inner iliac,
external iliac, common iliac, sacral, and cardinal lymph
nodes. PAN are lymph nodes around the aorta and the
inferior vena cava from the renal vein bifurcation to the
common iliac arterial bifurcation. PAN are divided into
two parts on the boundary of the inferior mesenteric
artery: the upper region is 326bl and the lower is
326b2.

This study was conducted with approval from the
ethics committee of the School of Medicine, Keio Uni-
versity (approval number: 20120243).

Statistical analysis

spss version 20 was used for statistical analysis. Statis-
tical analysis was performed with Fisher’s exact test
and with y? analysis to test for relations between pairs
of categorical variables. Kaplan-Meier survival curves
were generated for event outcome measures and were
compared with standard log-rank tests. A P-value less
than 0.05 was considered statistically significant.

Results

Patients’ characteristics

The clinicopathological characteristics of these cases
are shown in Table 1. The patients” median age was 57
years (range: 13-79 years). The median follow-up
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Table 1 Patients’ characteristics

Endometrial cancer with PAN metastasis

57 (28-79)

Age (years, median)
Follow-up period (days, 1711 (20-6293)
median)
H Yo
Pregnant history Nullipara 83 31.9
Multipara 164 63.1
Unknown 13 5.0
Body mass index <25 190 73.1
25 49 18.8
Unknown 21 8.1
Surgical staging (FIGO 2008) Stage I 123 47.3
Stage 11 17 6.5
Stage III 102 39.2
Stage IV 18 6.9
Histological type Endometrioid 217 83.5
Serous 14 5.4
Clear 8 3.1
Carcinosarcoma 12 4.6
Others 9 3.5
Histological grade Gl 78 30.0
G2 84 323
G3 55 212
Operative procedure
Hysterectomy Simple 41 15.8
Modified radical 157 60.4
Radical 59 22.7
Others 3 1.2
Lymphadenectomy PLN+PAN 260 100.0
Adjuvant therapy None 53 20.4
Chemotherapy 177 68.1
Radiation 24 9.2
Unknown 6 2.3

period was 1711 days (range: 20-6293 days). During
surgical staging, 120 cases (46.2%) were classified as
stages III and IV because the subjects included those
who underwent pelvic and para-aortic lymphadenec-
tomy. For the same reason, 37.7% of the cases were
histological G3 or special histological types.

Sites of lymph node metastases

A total of 91 (35%), 83 (32%), and 57 cases (22%) were
identified as positive for either PLN or PAN, PLN
(PLN+), and PAN (PAN+), respectively. PAN metasta-
ses were detected in 62.6% of the cases that had some
regional lymph node metastases.

PAN+ cases included nine PLN- cases and 48 PLN+
cases. Among these, 15.8% of PAN+ cases had no PLN
metastasis, and 3.5% of all cases were PLN- and PAN+.

The sites of PAN metastases were: left-326b1 (n = 21),
left-326b2 (n=17), right-326bl (n=15), and right-
326b2 (n=17). The sites of PAN metastases in

© 2014 The Authors

PLN-PAN+ cases were: left-326bl (1 =4), left-326b2
(n=3), right-326b1 (n = 1), and right-326b2 (n =7).

Regional lymph node metastases and
pathological factors

Figure 1 shows the relations between PAN metastases
and the pathological factors that were considered risk
factors for recurrence. There was significantly more
PAN metastasis observed in patients with deeper MI
(greater than two-thirds; P = 0.004), adnexal metastasis
(P=0.001), positive peritoneal cytology (P =0.002),
cervical involvement (P=0.002), and parametrial
metastasis (P =0.03). In particular, 44.1% of positive
peritoneal cytology cases and 42.9% of adnexal metas-
tasis cases had PAN metastases.

Figure 2 shows the relations between PLN and/or
PAN metastases and the pathological factors that were
considered risk factors for recurrence. There was a
lower percentage of MI > 2/3 and adnexal metastasis in
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Figure 1 Relations between para-aortic lymph node
(PAN) metastases and the pathological risk factors pre-
dicting recurrence: myometrial invasion (MI) greater
than two-thirds the thickness; G3 or special histologi-
cal type; adnexal metastasis; lymphovascular space
involvement (LVSI); positive peritoneal cytology; cer-
vical involvement; and parametrial invasion. Statistical
analysis was performed with Fisher’s exact test
and with x* analysis. *P <0.05, **P <0.01. (&) PAN-,

PLN-PAN+ than in PLN+PAN+ cases. The risk factors
of PAN metastasis were deeper M, adnexal metastasis,
positive peritoneal cytology, cervical involvement and
parametrial invasion. However, PLN-PAN+ patients
did not tend to have these risk factors.

Analysis of PLN—-PAN+ cases

The clinical characteristics of PLN-PAN+ cases are
shown in Table 2. Pelvic magnetic resonance imaging
(MRI) and chest-abdomen CT were performed as pre-
operative examinations for all cases. However, PAN
swelling was not detected in all cases, and 44.4% of
these cases were identified on the basis of tumor
marker (cancer antigen 125) levels higher than the stan-
dard value.

The pathological characteristics of PLN-PAN+ cases
are shown in Table 3. Among these nine cases, five
were identified as endometrioid adenocarcinomas and
four were identified as special histological types. Five
cases had greater than half MI, all cases had lymph
venal space involvement (LVSI), two had cervical
involvement, and one had adnexal metastasis.

The median number of PLN was 50 (range: 33-90)
and the median number of PAN was 22 (range: 1-38).
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Figure 2 Relations between para-aortic lymph node
(PAN) metastases and the following seven pathological
risk factors: myometrial invasion (MI) greater than
two-thirds the thickness; G3 or special histological
type; adnexal metastasis; LVSL; positive peritoneal
cytology; cervical involvement; and parametrial inva-
sion. Statistical analysis was performed with Fisher’s
exact test and y? analysis. (*1P = 0.09). () Pelvic lymph
node (PLN)-PAN-, PLN+PAN-, () PLN+PAN+,
() PLN-PAN+. EM, endometrioid adenocarcinoma;
LVSI, lymphovascular space involvement.

For each case, the region of positive PAN metastasis
was 1-2 and the median number of positive PAN
metastasis was 1 (range: 1-4). The number of risk
factors for PAN metastasis was 0-2 in PLN-PAN+
cases, which tended to be less than in PLN+PAN+
cases. There were no clear trends among these factors.

Regional lymph node metastases and
survival periods

Figure3 shows the Kaplan-Meier curves for
progression-free survival (PFS). The 5-year PFS was
87.1% for PLN-PAN- cases, 67.5% for PLN+PAN-
cases, 44.4% for PLN-PAN+ cases, and 33.2% for
PLN+PAN+ cases. The prognoses for PLN+PAN-,
PLN+PAN+, and PLN-PAN+ cases were significantly
shorter than those for cases without metastases. In par-
ticular, the prognosis for PLN+PAN+ cases was the
worst. Because there were few PLN-PAN+ cases, there
was no significant difference. The prognosis for
PLN-PAN+ cases tended to be shorter than that for
PLN+PAN- cases (P =0.16).
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Table 2 Clinical factors of the patients with PLN-PAN+

Endometrial cancer with PAN metastasis

No. Age BMI Parity CAI125/ Method of Method of Statement PFS  OS  Part of recurrence
CA602 hysterectomy LN resection ™) ™M)

1 66 225 3 WNL M-radical PLN+PAN DOD 9 20 Lung, multiple LN

2 53 224 2 WNL M-radical PLN+PAN NED — 3 -

3 67 202 2 WNL M-radical PLN+PAN NED _— 3 -

4 63 236 3 High Simple PLN+PAN AWD 11 128 Liver

5 58 203 2 High Radical PLN+PAN NED — 146 —

6 49 227 3 High Radical PLN+PAN NED — 124 —

7 62 312 2 High M-radical PLN+PANt  NED — 19 —

8 55 214 2 WNL Simple PLN+PAN NED — 25 —

9 67 206 2 WNL Radical PLN+PAN AWD 11 15 Vagina

1tPAN biopsy only. AWD, alive with disease; BMI, body mass index; CA, cancer antigen; DOD, died of disease; LN, lymph nodes; M-radical,
modified radical; NED, no evidence of disease; OS, overall survival; PAN, para-aortic lymph node; PFS, progression-free survival; PLN, pelvic

lymph nodes; WNL, within normal limit.

Table 3 Pathological factors of the patients with PLN-PAN-+

No.  Histological ~ MI Lvsi < AM  pT pM  No.of No. of PAN metastasis

type PLN Left 326 Right 326 Total

bl b2 bl b2

1 Cst <1/2 + - - 1A 0 0/35 0/5 1/3 0/4 0/1 1/13
2 EM G2 1/2-2/3 + - 1B 0 0/53 0/20 0/2 2/6  2/8 4/36
3 Serous >2/3 + - - 3A 0 0/43 0/2 2/13  0/2  0/7 2/24
4 EM G1 <1/2 + - + 3A 0 0/33 1/8 0/7 - 0/2 1/17
5 EM G2 >2/3 + + - 3B 0 0/39 1/6 0/14 0/1 0/3 1/24
6 EM G2 >2/3 + + - 2 0 0/59 0/8 0/2 1/11  1/21
7 EM G1 >2/3 + - - 1B 0 0/90 - - - 1/1 1/1
8 Serous <1/2 + - - 3A 0 0/57 0/1 0/9 0/1 2/11 2/22
9 Mixedt >2/3 + - - 1B 0 0/50 1/24  0/8 0/4 0/2 1/38

1Serous + clear + EMG3 + ESS. $Serous + EMG3. AM, adnexal metastasis; CI, cervical involvement; CS, carcinosarcoma; EM, endometrioid
adenocarcinoma; ESS, endometrial stromal sarcoma; LVSI, lymphovascular space involvement; MI, myometrial invasion; PAN, para-aortic

lymph node; PLN, pelvic lymph node.

Discussion

PAN metastasis is reported to be one of the most
important prognostic factors for endometrial cancer.
Regarding risk factors for PAN metastasis, Yokoyama
et al.*® reported deeper MI and positive PLN metasta-
sis, Hiratake et al.” reported positive PLN metastasis,
and Nomura et al.** reported greater than 50 years,
positive LVSI, and positive PLN metastasis. These
reports indicated that PLN metastasis was the most
important risk factor for PAN metastasis.

In our study, 88.9% of PAN+ cases had PLN metas-
tasis and 59.0% of PLN+ cases had PAN metastasis.
However, PAN+ cases without PLN metastasis have
been reported. Mariani ef al.,”® Ayhan et al.,” and Abu-
Rustum et al.® reported 3.6%, 2.7% and 1.6% of cases as
PLN-PAN+. The percentages of PLN-PAN+ cases in
these reports were nearly the same as that in our study
(3.4%).

© 2014 The Authors

Because retroperitoneal lymph node metastasis is
one of the risk factors with endometrial cancer, the
diagnostic significance for performing lymph node
biopsy or lymphadenectomy has been established. In
FIGO 2008 staging, stage Illc was subclassified into
stage ITIC1 and stage ITIC2 on the basis of the presence
or absence of PAN metastasis.

However, the therapeutic significance has not been
established. The conclusion from the ASTEC trial
reported in 2009 was that survival was not different
on the basis of the presence or absence of pelvic
lymphadenectomy.” However, Todo et al. reported
that the prognosis of a group that underwent pelvic
and para-aortic lymphadenectomy was significantly
better than that of a group that underwent pelvic
lymphadenectomy.”

It is important to diagnose PAN metastasis for exact
staging. However, PAN biopsy and lymphadenectomy
require an expert gynecological oncologist for the
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Figure 3 Kaplan-Meier curves for 5-year progression-
free survival. (—) Pelvic lymph node (PLN)-para-
aortic lymph node (PAN)-, () PLN+PAN-, (-—-)
PLN-PANH, (----) PLN+PAN+. Statistical analysis was
performed with the log-rank test. *P < 0.05, **P < 0.01,
*1P =0.16.

operation because of the high frequency of complica-
tions that may occur when removing tissue from
around the aorta. Some authors™?* insist that PAN
biopsy and lymphadenectomy cannot be applied to all
cases due to the following reasons: (i) when these pro-
cedures are carried out near the large artery they are
highly prone to complications and the gynecologic
neoplasm surgeon should have expert skills; (ii) these
procedures require a large surgical wound so that the
lower extreme of the renal vein can be observed; and
(iii) the treatment significance of these procedures has
not yet been established.

Positron emission tomography (PET)-CT is sug-
gested for preoperative identification of metastatic
lymph node instead of CT used in the past; however,
the specificity is high and the sensitivity is not very
high in PET-CT. Chang et al.” reported that PET-CT
demonstrated a sensitivity of 63.0%, specificity of
94.7%, and diagnosis rate of 89.5%. Kitajima et al.* indi-
cated a sensitivity of 50%, specificity of 90.9%, and
negative predictive value of 16.7%. Moreover, the size
of the metastatic lymph node was related to the sensi-
tivity, and preoperative diagnosis for micrometastasis
was difficult. For example, 2—4-mm size showed 12.5%
sensitivity, 5-9 mm showed 66.7%, and 10-12 mm
showed 100%. PET-CT was not a tool to identify the
PAN metastasis with accuracy because the sensitivity
and negative predictive value were not sufficiently
high.

1738

Some studies for sentinel lymph node navigation
surgery (SNNS) reported a positive result in endome-
trial cancer; however, the regional lymph node is
widely expanded from the pelvis to the PAN area, thus
observation should be performed in a wider area.
Insufficient evidence is present for SNNS as a standard
treatment and its efficacy should be further investi-
gated.”*® However, there were some reports that the
sensitivity and negative predictive value of SNNS were
sufficiently high. SNNS may be enabled for an accurate
diagnosis for lymph node metastasis in the future.

In this study, the predictive factors for PLN-PAN+
were not able to be re-evaluated. In case PLN was
positive (+), MI was >1/2, histological type was
endometrioid adenocarcinoma G3 or the special histo-
logical type, and adnexal metastasis was positive, then
PAN biopsy or lymphadenectomy was performed for
pathological investigation of metastasis under the cir-
cumstances. By doing that, it is thought that
PLN-PAN+ cases would not be overlooked.

Insufficient comparison tests for prognosis between
PLN+PAN+ and PLN-PAN+ metastasis were per-
formed because PLN-PAN+ patients were few.
PLN+PAN+ patients showed significantly poorer prog-
nosis than PLN+PAN- patients in this study. PLN-
PAN+ patients also tended to have poorer prognosis
than PLN+PAN- patients, but did not show a signifi-
cant difference. The reason was not clear; however, it is
thought that PAN metastasis is a stronger risk factor
than PLN metastasis. It is consistent with the new
FIGO 2008 staging that stage IIIC2 cases include
PLN-PAN-+ cases and PLN+PAN+ cases.

Most of the patients with retroperitoneal lymph node
metastases received postoperative treatments. Note
that the additional treatment might not be applied for
PLN-PAN+ patients because PAN metastasis was
missed and diagnosed as stage I-II if PAN biopsy or
lymphadenectomy was not performed.

During diagnosis and treatment for endometrial
cancer, PLN-PAN+ cases should also be considered.
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