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ORIGINAL STUDY

Maximum Standardized Uptake Value
of Fluorodeoxyglucose Positron Emission
Tomography/Computed Tomography Is a Prognostic
Factor in Ovarian Clear Cell Adenocarcinoma
Haruhisa Konishi, MD,* Kazuhiro Takehara, MD, PhD,* Atsumi Kojima, MD, PhD,*

Shinichi Okame, MD,* Yasuko Yamamoto, MD,* Yuko Shiroyama, MD,* Takashi Yokoyama, MD,*
Takayoshi Nogawa, MD, PhD,* and Yoshifumi Sugawara, MD, PhD{

Background: Fluorodeoxyglucose positron emission tomography/computed tomography
(FDG-PET/CT) is useful for diagnosing malignant tumors. Intracellular FDG uptake is
measured as the standardized uptake value (SUV), which differs depending on tumor
characteristics. This study investigated differences in maximum SUV (SUV ) according
to histologic type in ovarian epithelial cancer and the relationship of SUV ., with prognosis.
Methods: This study included 80 patients with ovarian epithelial cancer based on histo-
pathologic findings at surgery and who had undergone PET/CT before treatment. Maximum
SUV on PET/CT of primary lesions and histopathology were compared based on histologic
type, and the prognosis associated with different SUV .« was evaluated.

Results: Clinical tumor stage was I in 35 patients, Il in 8, 11l in 25, and IV in 12. Histologic
type was serous adenocarcinoma (AC) in 33 patients, clear cell AC in 27, endometrioid AC
in 15, and mucinous AC in 5. Median SUV,,,,, was lower in mucinous AC (2.76) and clear
cell AC {(4.9) than in serous AC (11.4) or endometrioid AC (11.4). Overall, median SUV .,
was lower in clinical stage I (5.37) than in clinical stage >II (10.3). However, in both clear
cell AC and endometrioid AC, when histologic evaluation was possible, no difference was
seen between stage 1 and stage >I1. Moreover, in clear cell AC, the 5-year survival rate was
significantly higher in the low-SUV .« group (100%) than in the high-SUV .. group
(43.0%, P = 0.009).

Conclusions: Maximum SUV on preoperative FDG-PET/CT in ovarian epithelial cancer
differs according to histologic type. In clear cell AC, SUV ., may represent a prognostic factor.
Key Words: Ovarian epithelial cancer, FDG-PET/CT, SUV ., Histologic type, Clear
cell adenocarcinoma, Prognosis
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M alignant tumors have higher cellular proliferative po-
tential and increased glucose metabolism compared
with normal tissue. Fluorodeoxyglucose (FDG) is a glucose-
like substance that accumulates in tissues with active glucose
metabolism. Fluorodeoxyglucose positron emission tomography/
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Minami Umemoto, Matsuyama 791-0280, Japan. computed tomograph_y (PET/CT) utilizes these prop.erties.to

E-mail: katakehara@shikoku-cc.go.jp. provide both anatomic and glucose metabolic/functional in-
The authors declare no conflicts of interest. formation that is useful for diagnosing malignant tumors.'™
Copyright © 2014 by IGCS and ESGO The degree of FDG accumulation is expressed as the
ISSN: 1048-891X standardized uptake value (SUV), a quantitative value in
DOI: 10.1097/IGC.0000000000000180 which the radioactive concentration measured on imaging
1190 International Journal of Gynecological Cancer * Volume 24, Number 7, September 2014

— 300 —



International Journal of Gynecological Cancer < Volume 24, Number 7, September 2014

Prognostic Factor in Adenocarcinoma

is corrected for injected dose and body weight. Peak SUV in
1 pixel in the region of interest is used to evaluate maximum
(SUVax). Studies have recently started to evaluate thera-
peutic effects and factors associated with prognosis using
SUViax on FDG-PET/CT.> In the field of gynecology,
physiologic uptake of FDG is seen in the endometrium and
ovaries, and FDG uptake may occur even in benign tumors.
On the other hand, FDG uptake in malignant tumors is
influenced by tumor differentiation, cellular division rate,
and proliferative potential, but care must be taken because
sometimes FDG uptake is not high.

The various types of ovarian tumors show differences in
growth and progression depending on origin and histologic
type. Differences in tumor characteristics based on studies
of cellular proliferative potential and genetic analysis have
also been found. In addition, characteristic FDG uptake patterns
may exist based on histologic type.

The present study investigated characteristic FDG up-
take patterns on FDG-PET/CT for different histologic types
of ovarian epithelial cancer and the association between
prognosis and SUV ..

PATIENTS AND METHODS

Patient Selection and Staging Assessment

This study included 80 patients with ovarian epithelial
cancer based on confirmed histopathology of the primary
lesions who underwent FDG-PET/CT before treatment at our
hospital between January 2008 and December 2012. Because
SUV,..x Was being evaluated for different histologic types,
mixed epithelial cancers showing a mixture of histologic
types were excluded from the study. Eighty patients were
clinically diagnosed with stage I-IV based on International
Federation of Gynecology and Obstetrics staging. Patients
who was provided neoadjuvant chemotherapy were clinically
diagnosed stage III or IV by imaging modalities (including
CT or magnetic resonance imaging [MRI], FDG-PET/CT)
and cytological assessment of ascites or pleural effusion (in-
cluding ascites cell-block specimens).

Surgical Procedure

The standard surgery included total hysterectomy, bilat-
eral adnexectomy, greater omentectomy, pelvic lymphadenec-
tomy, para-aortic lymphadenectomy with the ascites cytology,
and a careful intra-abdominal and evaluation. When the pelvic
and para-aortic lymphadenoctomy was not performed to stage
I patients for various reasons including patient hope, we
confirmed that there were no swelling lymph nodes more than
minor axis 1 cm in CT imaging and by intraoperative palpation,
and we performed lymph node biopsies as needed.

FDG-PET/CT Imaging

Patients fasted for 4 hours before the intravenous in-
jection of approximately 3.0 MBq/kg body weight of FDG.
The serum glucose level immediately before the injection
was measured to ensure a value less than 120 mg/dL. Dual-
modality PET/CT imaging was performed using Aquiduo
(Toshiba Medical Systems Corporation, Otawara, Japan). The
system provides separate CT and PET datasets, which can be

© 2014 IGCS and ESGO

accurately fused on a computer workstation (Voxbase; J-MAC
System, Inc, Japan). Whole-body CT (Auto-mA [SDN],
120 kV, 2.0 mm x 16, 0.5 second, 512 x 512 matrix size,
30 mm/rotation [HP15], 2- and 4-mm incremental recon-
struction) covered the region between the head and the upper
thighs. Whole-body PET images with attenuation correction
were acquired approximately 90 minutes later. The acquisi-
tion time of PET was adapted according to the patients’ body
weights. The time was set to 120 seconds per field of view,
500 mm, for patients up to 50 kg body weight; 150 seconds
for 50 to 75 kg body weight; and 180 seconds for 75 to 100 kg
body weight. Positron emission tomography images were
scatter corrected and iteratively reconstructed into a 128 x
128 matrix size with 1.34 zooming, using interactive algo-
rithms (ordered-subset expectation maximization, 2 itera-
tions, 14 subsets) and the CT-based attenuation map; noise
was reduced by smoothing the images with a 7-mm, full-
width-at-half-maximum Gaussian filter.

Research Methods

This retrospective comparative study was based on
medical records for SUV ., of the primary lesion before
treatment was started, histopathologic diagnosis, and treat-
ment course. Patients were divided into 2 groups based on
median SUV,,,, to compare prognosis. Statistical analysis
was performed using the Mann-Whitney U test and log-rank
test, and the level of statistical significance was P < 0.05.

RESULTS

Median patient age was 57 years (range, 33-76 years),
and histologic type was serous adenocarcinoma (AC) in 33
patients, clear cell AC in 27, endometrioid AC in 15, and
mucinous AC in 5. Clinical tumor stage was I in 35 patients, II
in 8, III in 25, and IV in 12 (Tables 1 and 2).

Initial treatment was surgery alone in 8 patients, post-
operative adjuvant chemotherapy after surgery in 57 patients,
and chemotherapy followed by surgery in 15 patients (ex-
ploratory laparotomy was done in 6 of 15 patients; cytologic
or cell-block assessment of ascites or pleural effusion was
done in 9 patients).The lesion was completely resected

TABLE 1. Patient characteristics

Patients
(n = 80),
Mean or n Range or %
Age (mean), y 57 33-76
Histologic type Serous 33 41%
Clear 27 34%
Endometrioid 15 19%
Mucinous 5 6%
Stage I 35 44%
I 8 10%
I 25 31%
v 12 15%
1191
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TABLE 2. Distribution of histologic types by clinical
stage*

Clinical Stage Serous Clear Endometrioid Mucinous

I(n=35) 0 22 9 4
II (n=8) 2 2 3 1
11 (n = 25) 23 1 1 0
IV (= 12) 8 2 2 0

at initial treatment, including interval debulking surgery, in
54 patients. Histologic types in these 54 patients were serous
AC in 13 patients, clear cell AC in 24, endometrioid AC in 12,
and mucinous AC in 5.

Median SUV . for primary lesions in the 80 patients
overall was 8.17 (range, 1.53-40.45). Median SUV .« by
histologic type was 11.4 (range, 4.24-20.38) for serous AC,
4.9 (range, 1.53-12.17) for clear cell AC, 11.4 (range, 3.93~
40.45) for endometrioid AC, and 2.76 (range, 2.15-13.36)
for mucinous AC. Maximum SUV was significantly lower
for mucinous AC and clear cell AC than for serous AC or
endometrioid AC (P < 0.01) (Fig. 1).

Median SUV,,.x by clinical stage was 5.37 (range,
1.53-40.45) for stage I (localized) and 10.3 (range, 2.6—
20.38) for stage >II (advanced). Maximum SUV was sig-
nificantly lower in stage I than in stage =II (P < 0.01).
However, in both clear cell AC and endometrioid AC, when
evaluation by histologic type was possible, no difference
was evident between stage I and stage =II (Fig. 2).

Five-year survival rates were compared between the
low-SUV, ..« group and high-SUV,,,, group, based on me-
dian SUV .. Overall, for the 80 patients, 5-year survival rate
did not differ significantly between the high SUV ., (77%)
and low SUV ., (78%) groups. By histologic type, 5-year
survival rates were serous AC: high 84%, low 73%; clear cell

P < 0.01
I ]
P < 0.01 P < 0.01 P < 0.01
i i |
40 o
30 -
P
£
520+ $ o

@
11.4 ) 11.4 @ O

10 + -
IR S I

Serous Clear Endometrioid Mucinous

FIGURE 1. Comparison of SUVmax by histologic type
(values are median values). The SUVmax in mucinous

adenocarcinoma (AC) and clear call AC was significantly
lower than in serous AC and endometrioid AC ( P<0.01).

1192

A)
P < 0.01
40 e 5
® Serous

30 - € Clear
% @ Endometrioid
; <7 Mucinous
)
2]

Localized Advanced
B)
N.S N.SMMW
; |
40 - o
30
&
£ 20 o
2 0
- 123 o
10 g 76° 83
4.52 - P w
*ﬁ‘“’ g o

Localized Advanced Localized Advanced
Clear Endometrioid

FIGURE 2. Comparison of SUVmax by histologic type
(values are median values). A) Overall (n=80) B) Clear
cell AC (n=27) and endometrioid AC (n=15) Overall, the
SUVmax was significantly lower in stage | (localized)
compared to stage>ll (advanced) ( P <0.01). However,
in clear cell AC and endometrioid CA, there were no
significant differences.

AC: high 43%, low 100%; and endometrioid AC: high 50%,
low 75%. In clear cell AC, the 5-year survival rate was sig-
nificantly higher in the high-SUV . group than in the low-
SUV nax group (P < 0.01) (Fig. 3).

The 5-year survival rate in the 54 patients with stage I
in whom complete resection was possible as initial treatment
(including interval debulking surgery) was compared. Although
no significant differences were seen overall or for any group
by histologic type, the S-year survival rate for clear cell AC
tended to be higher in the low-SUV .« group (100%) than in
the high-SUV ,,.x group (63%; P = 0.061). Furthermore,
when analysis was limited to the 22 patients with stage 1
clear cell AC, the 5-year survival rate also tended to be
higher in the low-SUV .« group (100%) than in the high-
SUV ax group (63%; P = 0.065).

DISCUSSION

Fluorodeoxyglucose is a compound in which the
hydroxyl group at the C, position of glucose is replaced by

© 2014 IGCS and ESGO
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FIGURE 3. Comparison of survival rates according to SUVmax. A) Overall (n=80) high: SUVmax >8.17; low: SUVmax
<8.17 B) Serous adenocarcinoma (n=33) high: SUVmax >11.4; low: SUVmax <4.9 C) Clear cell adenocarcinoma

(n=27) high: SUVmax >4.9; low SUVmax <4.9 D) Endometrioid adenocarcinoma (n=15) high: SUVmax >11.4; low:
SUVmax <11.4 In clear cell AC, the 5-year survival rate was significantly higher in the low SUVmax group compared to

the high SUVmax group ( P <0.01).

18F Fluorodeoxyglucose uptake into cells occurs via glucose
transporters (GLUTs). Fluorodeoxyglucose is phosphorylated
by hexokinase but, unlike glucose, accumulates in cells without
further metabolism after phosphorylation. In other words, FDG
uptake in tissue reflects cellular glucose metabolism, and im-
aging can reflect these differences in glucose metabolism.
GLUTs are often overexpressed in malignant tumors, and
glucose metabolism is increased. Fluorodeoxyglucose PET/CT
utilizes these properties and is thus useful for diagnosing ma-
lignant tumors. Fluorodeoxyglucose uptake is organ-specific,
and FDG-PET/CT offers high sensitivity (87%—-100%) and
specificity (74%—100%) for diagnosing the benign or malig-
nant status of ovarian tumors.'~* In addition, compared with
ultrasonography, CT, and MRI, FDG-PET/CT is useful not only
for differentiating benign and malignant lesions, but also for
preoperative staging.>™ Fluorodeoxyglucose PET/CT is also
used clinically to determine treatment strategy.

Biologic characteristics of ovarian epithelial cancer,
including tumor growth and prognosis, are known to differ
depending on histologic type. This suggests that FDG uptake
also differs based on histologic type, but few studies have
investigated this issue. Karantanis et al® reported no differ-
ences based on histologic type, but their histologic types
included 32 serous ACs, 2 clear cell ACs, 3 endometrioid
ACs, and other mixed tumors; thus, the cases were biased
toward serous AC. Clear cell AC accounts for 24.2% of
ovarian tumors in Japan, with a higher incidence than in other
countries, and many reports about ovarian clear cell AC have
been published.

The present study examined differences in SUV ., of
80 patients with ovarian epithelial cancer in whom histologic

© 2014 IGCS and ESGO

type had been confirmed by postoperative histopathologic
diagnosis, and mixed tumors were excluded from the study.
We found that SUV,,,, was lower in clear cell AC and mu-
cinous AC than in serous AC or endometrioid AC. Kitajima
et al® reported that SUV ., correlated positively with stage of
tumor progression, but SUV ,,,, according to histologic type
was not evaluated. Clear cell AC and mucinous AC are often
localized stage I ovarian tumors at the time of diagnosis,
whereas serous AC has often advanced to stage >II with
progression beyond the ovary. Differences may thus arise due
to clinical stage because of a bias in histologic types. How-
ever, in our study, in both clear cell AC and endometrioid AC,
when evaluation by histologic type was possible, no differ-
ence was seen between SUV,,, values according to clinical
stage. Taking into account the fact that SUV,, differs
according to histologic type, the differences in SUV ,, based
on clinical stage that have been reported to date may reflect
a selection bias for histologic types.

Maximum SUV is influenced not only by glucose
metabolism, but also by tumor differentiation, proliferative
potential, mucinous and fibrous components, and cell density.
Mucinous AC is characterized by a lower cell density with
fewer cellular components, so FDG uptake is be expected
to be low, but the reason for low SUV .. in clear cell AC
has not been clarified. Among the glucose transporters
GLUT-1 to GLUT-12, expression of GLUT-1, which is
thought to be involved in the blood-brain barrier and tumors,
and expression of GLUT-4, which predominates in striated
muscle and adipose tissue, are lower in clear cell AC than in
serous AC, and a correlation has been reported between
GLUT and VEGF expression.!® In addition, Ki-67 labeling

1193
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index reflects tumor cell proliferation and is also lower in clear
cell AC than in serous AC.'! The lower SUV,,,,x in clear cell
AC may reflect these biologic characteristics.

Maximum SUV as a prognostic indicator for breast
cancer and endometrial cancer has recently been reported,”'?
but few studies have examined ovarian epithelial cancer.
Maximum SUV was found to be a prognostic factor in 1
study,® but not in another.” Because of characteristic differ-
ences in prognosis and SUV ;. based on histologic type, even
when prognosis is evaluated overall in ovarian cancer patients,
different results are expected depending on the percentages
of histologic types. In our study, according to histologic
type, SUV ax 1n clear cell AC correlated significantly with
overall survival. Prognosis in ovarian cancer depends on the
clinical stage and completeness of surgical resection, and on
further analysis of patients with stage I clear cell AC and
patients in whom complete resection was possible, SUV .«
also tended to correlate with overall survival. In other words,
high SUV .« in clear cell AC may be associated with poor
prognosis. According to the National Comprehensive Cancer
Network guideline, postoperative adjuvant chemotherapy is
recommended to all clear cell AC patients even if stage 1A
because of poor prognosis. Maximum SUV as a biologic
marker may help to individually tailor postoperative adjuvant
chemotherapy, although it is of course premature at present.

In conclusion, FDG uptake in ovarian epithelial cancer
differs depending on histologic type and probably reflects the
biologic characteristics in each histologic type. As SUV .«
has started to be considered a prognostic factor recently in
other cancers, SUV,,,, may also reflect prognosis in ovarian
clear cell AC. Further prospective investigation appears
warranted to confirm the present results.
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A Case of Platinum-Resistant, Recurrent Ovarian Clear Cell Adenocarcinoma Successfully Treated with Irinotecan
(CPT-11) and Paclitaxel (PTX) Chemotherapy: Haruhisa Konishi, Kazuhiro Takehara, Shinichi Okame, Yasuko Yamamoto,
Atsumi Kojima, Yuko Shiroyama, Takashi Yokoyama and Takayosht Nogawa (Dept. of Gynecologic Oncology, National Hos-
pital Organization Shikoku Cancer Center)
Summary

A 40-year-old woman presented to a local clinic with abdominal dlstenSIon She was referred to our hospital for suspected
ovarian cancer. Computed tomography (CT) and magnetic resonance imaging (MRI) revealed an ovarian tumor with mural
nodules, ascites, pleural effusion, and peritoneal dissemination. Laparotomy revealed a 20-cm right ovarian tumor with strong
adhesion to the uterus and rectum. Bilateral salpingo-oophorectomy was performed as a primary surgery. The histopathologi-
cal diagnosis was stage IV ovarian clear cell adenocarcmoma and 6 cycles of postoperative chemotherapy with a combination
of TC (paclitaxel [PTX] and carboplatin) and the mTOR inhibitor temsirolimus was administered. During maintenance
treatment with temsirolimus, the lesion recurred, and progressive disease was confirmed. Because relapse occurred after 5
months from the last TC treatment, the disease was considered platinum-resistant ovarian cancer, and second-line chemo-
therapy with 6 cycles of irinotecan (CPT-11) and PTX was administered. Partial response was observed after 2 cycles, and the
response period was 7 months. We suggest that chemotherapy with CPT-11/PTX could be a treatment option for platinum-
resistant recurrent ovarian clear cell adenocarcinoma. Key words: Ovarian cancer, Clear cell adenocarcinoma, CPT-11, PTX,
Platinum-resistant, Recurrent (Received Feb. 3, 2014/Accepted Apr. 30, 2014)
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2 Treatment course (*:the lesion beneath right diaphragm)
Since relapse occurred after 5 months from last TC, it was considered platinum-resistant
ovarian cancer, and second-line chemotherapy with CPT-11 and PTX was administered
for 6 cycles. Partial response was seen after 2 cycles, and response period was 7 months.
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Is fluorodeoxyglucose positron emission tomography/computed tomography useful for the
diagnosis of borderline ovarian tumors?

Haruhisa Konishi © Kazuhiro Takehara - Shinichi Okame - Atsumi Kojima
Yasuko Yamamoto - Yuko Shiroyama - Takashi Yokoyama - Takayoshi Nogawa

Department of Gynecologic Oncology, National Hospital Organization Shikoku Cancer Center

HR PRSI BVLTERNICREBEOBNEHE TS S L LERFH L RET S ) A TERETH S, fifE, FDG-
PET/CTid# % L BEEHICH L CEREB SN TE TV ABIETH ), BABNFRTIFENRS & CREBOFHO 2
F=Tr IRBREMTOFBEIREENR TV S, SERA ZPREBFOFWBE, St LEERRESIEEOR N
=B AFDG-PET/CTOH B DWTHRE L,

LS 20064E 4 A A H2013FE12H IS SECHBMNWICFDGPET/CTREZHITL, BERORBABBIEIHEETE
oM EE S REMMBI7TAEZARE L, HOBEREOME L HEFEEENARBIFIC oW TEFRMNICKRE L.
T, AR AEEOENOHIZPET/CTHTh /A LEEO REIREHISH L, UL 1 5P OFDCEM &
SUVmax®O B %17 o 720 )

B EROBRMIIGIR (25-898) Thol-o BHRETIZLT I, SMENSHEELE12E, EREEESMATH-
720 HEMSERESME O 2 BHIFDGEBA BD 5 h?, SUVmaxZ BHI L 2 72158 0OF9#i3260 180 TH o /2. BikEH
BO S HSUVmax % BHI L X 72 7 FIORIHM122.28 + 1 40CH FEMREAS & A ER L%, EBHEEHSMOFHMEIL6.74+6.29
THELEMHTH o7 (P<0.001). MEEIRI ¢, MHREHAEEEEOSUVMmaxOFEEH202£074x LT, R
REMIEH OSUVmaxDTFI9E 12376+ 2.75 & PTG CHVEMICH Y, B1% & under diagnosis S h TV 7 2 BN
BREMEETHY, M, BiELover diagnosisE N TV 3ERARESTHRESRBELEE TH 70

B B & R L TSR I SUVmax S ( B & O@BICIFDG-PET/CTRA A TH - o7f, RIS
EHREMREBOENIIER Tho Ao T/, HHEEE I EIEEET I ESUVmaxd BV ERIcH ), BoREICLy
HESNIEABBLER L REN L TRBEILETH 5. '

Background: Accurate characterization of ovarian tumors is important for determining the most appropriate
therapy. This study investigated the diagnostic value of fluorodeoxyglucose positron emission tomography/
computed tomography (FDG-PET/CT) for borderline ovarian epithelial tumors.

Materials and Methods: We enrolled 17 patients with borderline ovarian epithelial tumors who underwent
pretreatment PET/CT between January 2006 and December 2013, The maximum standardized uptake value
(SUVmax) and histopathology of primary lesions were compared with ovarian epithelial benign tumors (n =
15) and stage I cancers (n = 45).

Results: Twelve patients had mucinous borderline tumors and 5 had serous borderline tumors. The
mean SUVmax of benign, borderline, and malignant tumors was 228 * 140, 260" = 1.80, and 6.74 = 6.29,
respectively. The difference between benign and malignant, and borderline and malignant tumors was
significant (P < 0.001). The mean SUVmax was lower in mucinous borderline tumors (202 % 0.74) than in
serous borderline tumors (3.75 £ 2.75; P = 0.37).

Conclusion: FDG-PET/CT has a high diagnostic value in differentiating malignant and borderline tumors,
but a low value in differentiating benign and borderline tumors. Given that SUVmax may differ according to
histological subtype, it is important that the preoperative diagnosis consider the histological type.

*—7~ K JMfEE, FDG-PET/CT, SUVmax, ¥AEHEL
Key words : ovarian epithelial tumor, FDG-PET/CT, SUVmax, borderline tumor
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Correlation between the maximum standardized uptake value in fluorodeoxyglucose
positron emission tomography/computed tomography and the histological subtype in
ovarian epithelial cancers

Haruhisa Konishi - Kazuhiro Takehara - Shinichi Okame * Atsumi Kojima
Yasuko Yamamoto * Yuko Shiroyama ’ Takashi Yokoyama - Takayoshi Nogawa
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FR O ABROSANRIEY K8 L-FDG-PET/CTREMEEQOZINICHRT, A BARAROEHEHCHASATY
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Background: Ovarian cancer histological subtypes have different pathogeneses. This study investigated ,
the correlation between standardized uptake value (SUVmax) and the ovarian epithelial cancer hlstologlcal
subtype.

Materials and Methods: We included 94 patients with ovarian epithelial cancer who underwent pretreatment
fluorodeoxyglucose positron emission tomography/computed tornography (PET/CT ); the primary lesion PET/
CT SUVmax and histopathology were compared. .

Results: There were 43 International Federation of Gynecology and Obstetncs stage I 11 stage 11, 26 stage
H, and 14 stage IV tumors. There were 38 serous adenocarcinomas (ACs), 32 clear cell ACs, 18 endometrioid
ACs, and 7 mucinous ACs. The mean SUVmax was significantly lower in mucinous (4.98 * 3.96) and clear cell
(5.33 = 2.52) ACs than in serous (122 = 4.37) and endometrioid (11.6 = 871; P < 0.01) ACs. The SUVmax was
lower in stage 1 (6.81 + 642) than in stage 21 tumors (11.2 * 4.61). However, no difference between stage
I and stage 21 tumors was observed in clear cell and endometrioid ACs, and no difference in SUVmax was
seen in different histological tumor grades.

Conclusion: Preoperative FDG-PET/CT SUVmax in ovarian epithelial cancer differs according to histologic
type and is lower in clear cell and mucinous ACs.

F—7J—F: EEYIIHEHM, FDG-PET/CT, SUVmax, &R, BBMIAiRE
Key words : ovarian epithelial cancer, FDG-PET/CT, SUVmax, histologic type, clear cell adenocarcinoma
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Abstract Serous adenocarcinoma of the cervix (SACC) is a
very rare tumor. Our study aimed to characterize the immune
profile and human papillomavirus (HPV) status of SACC, in
comparison with other serous adenocarcinomas arising in the
female genital tract. The pathological specimens obtained
from 81 patients with serous carcinoma of the uterine cervix
(n=12), 29 endometrium, 20 ovary and 20 patients with
mucinous carcinoma of the uterine cervix were reviewed.
We assessed the expression of WT-1, p53, pl6, HER2,
CEA, and CA125 by immunohistochemistry and HPV DNA
by PCR in 12 SACC samples. Their immune profile was
compared with that of uterine papillary serous carcinoma
(UPSC), ovarian serous adenocarcinoma (OSA), and mucin-
ous endocervical adenocarcinoma (MEA). WT-1 and HER2
were expressed in very few SACC samples (0 and 0 %,
respectively), but pl16, CA125, CEA and p53 were present
in 100, 92, 58 and 50 %, respectively. The difference in WT-1
expression between SACC and UPSC, MEA is not signifi-
cant, but SACC differ significantly from OSA (p<0.01). HPV
DNA (type 16 or 18) was detected in 4 of the 12 SACC. The
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immunophenotype of SACC was similar to UPSC, whereas
the frequency of expression of WT-1 was significantly lower
in SACC than OSA. It appeared that p53 expression was
associated with worse clinical outcome in patients with
SACC, and that HPV infection was related to its occurrence.

Keywords Serous adenocarcinoma - Uterine cervix -
Immunohistochemical features - Human papillomavirus

Introduction

Serous adenocarcinomas are one of the most aggressive gy-
necological cancer types, very rare in the uterine cervix, but
common in the ovary, fallopian tube, and peritoneum. It
represents <10 % of endometrial carcinomas [1]. Zhou et al.
[2] reported the first detailed clinicopathological features of 17
cases of serous adenocarcinoma of the uterine cervix (SACC).
Our previous retrospective study assessed the clinicopatho-
logical features and prognosis of 12 patients with SACC who
underwent hysterectomy [3]. However, little 1s known about
the immunoprofile and human papillomavirus (HPV) involve-
ment in SACC.

In the present study, we characterized the immunohisto-
chemical features of 12 SACCs, using seven antibodies
against WT-1, p53, p16, human epidermal growth factor
receptor 2 (HER2), carcinoembryonic antigen (CEA), and
CA125 and compared the immunoprofile with uterine papil-
lary serous carcinoma (UPSC), ovarian serous adenocarcino-
ma (OSA) and mucinous endocervical adenocarcinoma
(MEA). In this way, we aimed to characterize the
immunoprofile and HPV status of SACC, in comparison with
other serous adenocarcinomas arising in the female genital
tract and MEA.
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Materials and Methods
Patients and Tissue Samples

We reviewed the medical records and pathological specimens
obtained from 81 patients with serous carcinoma of the uterine
cervix (n=12), 29 endometrium, 20 ovary and 20 patients
with mucinous carcinoma of the uterine cervix. All 81 patients
were treated in the Department of Gynecology and diagnosed
in the Department of Pathology and Clinical Laboratories,
National Cancer Center Hospital, Tokyo, Japan, between
1985 and 2005 and underwent surgical staging according to
the International Federation of Gynecology and Obstetrics
(FIGO) system. All patients with serous carcinomas of the
cervix had radical hysterectomy and bilateral salpingo-
oophorectomy in order to exclude a primary neoplasm in the
corpus, ovary or tube. All hematoxylin-eosin-stained slides
were reviewed in all cases, and final diagnoses were con-
firmed by two observers (S.T. and Y.S.).

The diagnosis of SACC was made only when an invasive
endocervical adenocarcinoma exhibited a prominent papillary
structure and/or slit-like glandular spaces, and usually moder-
ate to marked cytologic atypia (Fig. 1a) without either intra- or
extra-cytoplasmic mucin. Absence of concurrent or previous
primary endometrial, ovarian, fallopian tubal or peritoneum
serous carcinoma was a prerequisite for the diagnosis of
SACC. At least 10 % of the tumor area had to be of papillary
serous type for inclusion as a SACC in this study. Seven of 12
SACC cases were classified as pure serous adenocarcinomas,
and the other 5 were mixed serous adenocarcinoma. Uterine
and ovarian serous adenocarcinoma and mucinous

Fig. 1 Histopathological
presentation of SACC. a H&E
staining. (x100). b
Immunohistochemical staining
showing lack of WT-1 expression
(x200). ¢ Immunohistochemical
staining showing expression of
p53 (x200). d Immunohisto-
chemical staining showing ex-
pression of p16 (x200)

@ Springer

endocervical adenocarcinoma were diagnosed according to
the World Health Organization International Histological
Classification of Tumors [4]. Eleven cases of mixed types
were included among the 29 UPSCs, but mixed serous ade-
nocarcinoma and mucinous adenocarcinomas were excluded
from this study among the cases of OSA. All cases were
included only when destructive or frank stromal invasion
was observed.

Immunohistochemistry

All tumor tissue specimens having been fixed in formalin and
embedded in paraffin were cut into 4-pum-thick serial sections
for immunohistochemical staining, in addition to the usual
hematoxylin and eosin staining. This study was performed
with the approval of the Internal Review Board on ethical
issues. Antibodies used for immunohistochemistry were WT-
1 (clone 6 F-H2, 1:50, Dako, Glostrup, Denmark), p53 (clone
DO-7, 1:100, Dako), p16 (clone 16P07, 1:100, Neomarkers
Inc., Fremont, CA), HercepTest (Dako), CEA (polyclonal,
1:5,000, Dako), and CA125(clone M11, 1:20, Dako).
Immunohistochemical staining for WT-1, p53, p16, HER2,
CEA, and CA125 products was performed with an
autoimmunostainer (Autostainer Link 48, Dako) according
to the manufacturers’ instructions.

Scoring of the Results

The results of the immunohistochemical staining were evalu-
ated as the percentage of positively stained neoplastic cells. In
mixed type tumors, only the serous component was evaluated
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