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Frozen Section for Endometrial Cancer

Similarly, for myometrial depth of invasion, the range was
equally wide: from 72% to 97%.”®!*!! The accuracy rate of
IFS diagnosis in our study is included in the table, and it is
well within the range of these past reports.

However, the complete accuracy rate of IFS diagnosis,
namely, being correct for both the histopathology type and
myometrial depth, was, unfortunately, only 56%. However, in
our study, a frozen section analysis was performed on all the
subtypes of endometrial cancer, and for the subgroup of se-
rous papillary and clear cell tumors, the histological error
rate of IFS diagnosis was previously reported to be as high
as 70%.'% Even if these specific tumor types are excluded
from our results, the complete accuracy rate only improved
from 56% to 62%.

We retrospectively found 2 reasons for the discrepancies
for IFS diagnosis. One was the anticipated tissue sampling
error, and the other was an interobserver problem, which
means that on reexamination, there was no difference found
in the diagnosis achieved by the IFS and the diagnosis
made from the fixed slides when done by another patholo-
gist in a blinded test.

As these data showed, we should be able to improve
significantly on the accuracy rate achievable with IFS by
making more slides, not only one site, to decrease the
sampling error, and by observation of the IFS slides by 2 or
more pathologists. In our facilities and also most of the
facilities in Japan, only one pathologist would have ob-
served operative tissues in usual. Similar factors responsi-
ble for the diagnostic inaccuracy from frozen sections have
been extensively documented by others.!>'* The most
common causes are reported to be erroneous interpretation
or difficulties associated with technical artifact introduced
by the frozen section technique. Other causes for inaccu-
racy include the inadequate sampling error we encountered.
However, although sampling errors can be decreased
through multiple sections, severe time constraints must be
managed, and it is important to leave some discriminating
tissue for paraffin embedding.'?

On the other hand, it should also be noted that we
had only a 54% accuracy rate for MRI diagnosis for de-
termining myometrial invasion as a preoperative diagnosis.
In the literature, the accuracy rate of MRI was 85% to 89%
for myometrial invasion.'>™'” Our 29% misdiagnosis rate
for myometrial invasion by MRI was mainly between stages
IA and IB and when using the previous FIGO staging sys-
tem. Our accuracy rate for MRI staging is much higher, now
that we are using the revised FIGO system. On the other
hand, MRI provides higher accuracy than other imaging
modalities, including transvaginal sonography and com-
puted tomography in endometrial cancer.'®-?% Moreover,
Kinkel et al'® found that contrast-enhanced MRI performed
significantly better than no enhanced MR imaging and
US (P < 0.002) and showed a trend toward better results
when compared with CT (P = 0.18) in the evaluation of
myometrial invasion. In patients with a large uterine mass
and a resultant a higher probability of lymph node metasta-
sis, MRI or CT, and not US, should be used as the primary
imaging modality. However, Nakao et al*' say that ready
application of conservative treatment or omission lympha-
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denectomy for probable patients with stage IA endometrial
cancer should be avoided owing to the relatively low pre-
operative diagnostic efficacy of MRI.

In conclusion, we report on our accuracy rate of
preoperative and intraoperative diagnosis when using the
previous and now the revised FIGO staging systems in
our facility. Although MRI is better at predicting myome-
trial invasion using the revised FIGO staging compared
to the previous one, IFS would still need to be performed.
Physicians could consider the preoperative evaluation
to include endometrial curettage and imaging whether by
ultrasound or CT scan but not necessarily MRI.

REFERENCES

1. The Writing Committee, on behalf of the ASTEC Study
Group. Efficacy of systematic pelvic lymphadenectomy
in endometrial cancer (MRC ASTEC trial): a randomized
study. Lancet. 2009;373:125-136.

2. Creaseman WY, Morrow CP, Bundy BN, et al. Surgical
pathologic spread patterns of endometrial cancer: a
Gynecologic Oncology Group Study. Cancer.
1987;60:2035-2041.

3. Kilgore LC, Partridge EE, Alvarez RD, et al.
Adenocarcinoma of the endometrium: survival comparisons
of patients with and without pelvic node sampling.
Gynecol Oncol. 1995;56:29-33.

4. Case AS, Rocconi RP, Straughn JM, et al. A prospective
blinded evaluation of the accuracy of frozen section
for the surgical management of endometrial cancer.
Obstet Gynecol. 2006;108:1375-1379.

5. Todo Y, Kato H, Kaneuchi M, et al. Survival effect of
para-aortic lymphadenectomy in endometrial cancer
(SEPAL study): a retrospective cohort analysis. Lancet.
2010;375:1165-1172.

6. Kayikcioglu F, Boran N, Meydanli MM, et al.

Is frozen-section diagnosis a reliable guide in surgical
treatment of stage I endometrial carcinoma? Acta Oncol.
2002;41:444-446.

7. Fanning J, Tsukada Y, Piver MS. Intraoperative frozen
section diagnosis of depth of myometrial invasion in
endometrial adenocarcinoma. Gynecol Oncol.
1990;37:47-50.

8. Noumoff JS, Menzin A, Mikuta J, et al. The ability
to evaluate prognostic variables on frozen section in
hysterectomies performed for endometrial carcinoma.
Gynecol Oncol. 1991;42:202-208.

9. Larson DM, Johnson K, Olson KA. Pelvic and
para-aortic lymphadenectomy for surgical staging of
endometrial cancer: morbidity and mortality.

Obstet Gynecol. 1992;79:998-1001.

10. Zorlu CG, Kuscu E, Ergun Y, et al. Intraoperative evaluation
of prognostic factors in Stage 1 endometrial cancer by
frozen section: now reliable? Acta Obstet Gynecol Scand.
1993,72:382-385.

11. Malviya VK, Deppe G, Malone JM Jr, et al. Reliability of
frozen section examination in identifying poor prognostic
indicators in stage I endometrial adenocarcinoma.
Gynecol Oncol 1989;34:299-304.

12. Shim JU, Rose PG, Reale FR, et al. Accuracy of frozen
section diagnosis at surgery in clinical stage 1 and 2
endometrial carcinoma. Am J Obstet Gynecol.
1992;166:1335-1338.

1183

Copyright © 2011 by IGCS and ESGO. Unauthorized reproduction of this article is prohibited.

— 150 —



Ugali et al

International Journal of Gynecological Cancer * Volume 21, Number 7, October 2011

13.

14.

15.

16.

17.

Howanitz PJ, Hoffman GC, Zarbo RJ. The accuracy of frozen
section diagnosis in 34 hospitals. Arch Pathol Lab Med.
1990;114:355-359.

Wang KG, Chen TC, Wang TY, et al. Accuracy of frozen
section diagnosis in gynecology. Gynecol Oncol.
1998;70:105-110.

Kinkel K, Kaji Y, Yu KK, et al. Radiologic staging in patients
with endometrial cancer: a meta-analysis. Radiology.
1999;212:711-718.

Tsuda H, Murata K, Kawabata M, et al. Preoperative
assessment of myometrial invasion of endometrial cancer

by magnetic resonance imaging and intrauterine
ultrasonography with a high-frequency probe: a

preliminary study. J Ultrasound Med. 1997;24:520-526.
Shibutani O, Joja I, Shiraiwa M, et al. Endometrial
carcinoma: efficacy of thin section oblique axial magnetic

1184

18.

19.

20.

21.

resonance image for evaluating cervical invasion,
Abdom Imaging. 1999;24:520-526.

Rockall AG, Meroni R, Sohaib SA, et al. Evaluation of
endometrial carcinoma on magnetic resonance imaging.
Int J Gynecol Cancer. 2007;17:188-196.

Barwick TD, Rockall AG, Barton DP, et al. Imaging of
endometrial adenocarcinoma. Clin Radiol. 2006;61:
545-555.

Yamashita Y, Harada M, Sawada T, et al. Normal uterus
and FIGO stage I endometrial carcinoma: dynamic
gadolinium-enhanced MR imaging. Radiology.
1993;186:495-501.

Nakao Y, Yokoyama M, Hara K, et al. MR imaging in
endometrial carcinoma as a diagnostic tool for the
absence of myometrial invasion. Gynecol Oncol.
2006;102:343-347.

© 2011 IGCS and ESGO

Copyright © 2011 by IGCS and ESGO. Unauthorized reproduction of this article is prohibited.

— 151 —



Published OnlineFirst July 7, 2011; DOI:10.1158/1078-0432.CCR-10-3176

Clinical Cancer AR
Research

Targeting Src in Mucinous Ovarian Carcinoma

Koji Matsuo, Masato Nishimura, Justin N. Bottsford-Miller, et al.

Clin Cancer Res 2011;17:5367-5378. Published OnlineFirst July 7, 2011.

Updated Version

Access the most recent version of this article at:
doi:10.1158/1078-0432.CCR-10-3176

Cited Articles

This article cites 34 articles, 12 of which you can access for free at:
http://clincancerres.aacrjournals.org/content/17/16/5367 .full.htimi#ref-list-1

E-mail alerts

Reprints and
Subscriptions

Permissions

Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.

To request permission to re-use all or part of this article, contact the AACR Publications Department at
permissions@aacr.org.

Downloaded from clincancerres.aacrjournals.org on April 2, 2012
Copyright © 2011 American Association for Cancer Research

— 153 —




Published OnlineFirst July 7, 2011; DOI:10.1158/1078-0432.CCR-10-3176

Cancer Therapy: Preclinical

Targeting Src in Mucinous Ovarian Carcinoma

Koji Matsuo'®, Masato Nishimura™®, Justin N. Bottsford-Miller’, Jie Huang', Kakajan Komurov?,
Guillermo N. Armaiz-Pena™?, Mian M. K. Shahzad'”, Rebecca L. Stone', Ju Won Roh',

Angela M. Sanguino', Chunhua Lu’, Dwight D. Im®, Neil B. Rosenshien®, Atsuko Sakakibara®,
Tadayoshi Nagano®, Masato Yamasaki'®, Takayuki Enomoto'", Tadashi Kimura'', Prahlad T. Ram?,

Kathleen M. Schmeler!, Gary E. Gallick®, Kwong K. Wong', Michael Frumovitz', and Anil K. Soo

d1,3,4

Abstract

Purpose: Mucinous ovarian carcinomas have a distinct clinical pattern compared with other subtypes of
ovarian carcinoma. Here, we evaluated (i) stage-specific clinical significance of mucinous ovarian
carcinomas in a large cohort and (ii) the functional role of Src kinase in preclinical models of mucinous
ovarian carcinoma.

Experimental Design: A total of 1,302 ovarian cancer patients including 122 (9.4%) cases of mucinous
carcinoma were evaluated for survival analyses. Biological effects of Src kinase inhibition were tested using
dasatinib-based therapy in a novel orthotopic mucinous ovarian cancer model (RMUG-§-ip2).

Results: Patients with advanced-stage mucinous ovarian cancer had significantly worse survival than
those with serous histology: median overall survival, 1.67 versus 3.41 years, P = 0.002; median survival
time after recurrence of 0.53 versus 1.66 years, P < 0.0001. Among multiple ovarian cancer cell lines,
RMUG-S-ip2 mucinous ovarian cancer cells showed the highest Src kinase activity. Moreover, oxaliplatin
treatment induced phosphorylation of Src kinase. This induced activity by oxaliplatin therapy was
inhibited by concurrent administration of dasatinib. Targeting Src with dasatinib in vivo showed
significant antitumor effects in the RMUG-S-ip2 model but not in the serous ovarian carcinoma
(SKOV3-TR) model. Combination therapy of oxaliplatin with dasatinib further showed significant
effects on reducing cell viability, increasing apoptosis, and in vive antitumor effects in the RMUG-S-ip2
model.

Conclusions: Our results suggest that poor survival of women with mucinous ovarian carcinoma
is associated with resistance to cytotoxic therapy. Targeting Src kinase with a combination of dasatinib
and oxaliplatin maybean attractiveapproach for thisdisease. Clin CancerRes; 17(16); 5367-78.©2011 AACR.
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introduction

In 2010, more than 21,000 women in the United States
were diagnosed with ovarian carcinoma and almost 14,000
died from this disease, which ranks as the most common
cause of death among gynecologic malignancies (1). The
majority of ovarian carcinomas are of serous histology.
Mucinous histology is relatively rare, accounting for 2% to
10% of all subtypes of epithelial ovarian carcinomas (2, 3).
Because of its relatively rare incidence, mucinous ovarian
carcinomas are understudied but are thought to have
poorer response to taxane and platinum chemotherapy,
resulting in poor survival outcomes compared with serous
ovarian carcinomas (4-7). Therefore, understanding the
mechanisms contributing to mucinous ovarian cancer
development and progression as well as novel therapeutic
approaches are urgently needed.

Recent evidence suggests that mucinous ovarian carci-
noma is histologically and molecularly similar to colorectal
carcinomas and has a distinct clinical pattern compared
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with other subtypes of ovarian carcinomas (8, 9). The
majority of colorectal carcinomas are of mucinous histol-
ogy, and patients with advanced-stage colorectal carcinoma
are treated with chemotherapy containing oxaliplatin, a
third-generation platinum compound (10). Despite pro-
ven efficacy, resistance to oxaliplatin is a rising issue (11).
Among proposed mechanisms, Src kinase has been shown
to play an important role in oxaliplatin resistance in color-
ectal and pancreatic carcinomas (12, 13). Src kinase is a
nonreceptor tyrosine kinase that regulates various aspects
of tumor progression via multiple signaling pathways,
including cell survival (AKT), growth (Ras/MEK/ERK),
metastasis  (FAK/paxillin/c-Jun), and  angiogenesis
(STAT3/VEGEF; ref. 14). Src kinase is known to be over-
expressed in colorectal, pancreatic, lung, breast, and pros-
tate carcinomas (15) and is thought to contribute to
chemotherapy resistance (13). In serous ovarian carci-
noma, Src kinase was reported to be overexpressed in
advanced-stage disease (16). However, the role of Sic
kinase in mucinous ovarian carcinoma is not known
and was examined in this study.

Here, we show that (i) advanced-stage mucinous ovarian
carcinoma was associated with shorter survival time after
progression or recurrence of disease than with serous
histology in a large cohort study, (ii) Src kinase is highly
activated among mucinous ovarian carcinomas, and (iii)
targeting Src kinase with a combination of oxaliplatin and
dasatinib showed synergistic antitumor effects in mucinous
ovarian cancer models.

Materials and Methods

Clinical data

A total of 1,302 ovarian cancer patients from cancer
centers in the United States and Japan were evaluated;
122 mucinous carcinoma patients (fourth common, 9.4

+ 0.8%) were compared with 698 serous carcinoma
patients (most common, 53.4 + 1.4%) for survival. Patient
age, preoperative cancer antigen 125 (CA-125) value, his-
tologic subtypes, International Federation of Gynecology
and Obstetrics (FIGO) stage, grade, and cytoreduction were
evaluated to determine potential impact on survival. Early-
and advanced-stage diseases were defined as FIGO stages I/
1T and 1II/1V, respectively. Appendectomy is generally car-
ried out as a standard surgical procedure for mucinous
ovarian carcinoma in the participating institutions. Gyne-
cologic pathologists at each institution reviewed all of the
specimens for assessing histology. Institutional Review
Board approval was obtained at each institution.

Cell lines and cultures

RMUG-S and RMUG-L were cultured in RPMI-1640
media, supplemented with 10% FBS and 0.1% gentamicin
at 37°C in 5% CO, with 95% air. These cell lines were
originally isolated from women with mucinous ovarian
carcinoma (17). Ovarian serous carcinoma cell lines
(HeyA8, HeyA8-MDR, SKOV3-ip1, and SKOV3-TR), clear
cell carcinoma cell lines (ES-2 and RMG-2), and undiffer-
entiated carcinoma cell lines (A2780 and A2780-CP20)
were cultured in RPMI-1640 media supplemented with
15% FBS and 0.1% gentamicin at 37°C in 5% CO, with
95% air. In vitro experiments were conducted with 80% cell
confluence. All the cell lines were purchased from Amer-
ican Type Culture Collection or Japanese Collection of
Research Bioresources).

Drugs and reagents

Anti-Src (#2108) and anti-phospho-Src (Tyr419; #2101)
antibodies for Western blotting were purchased from Cell
Signaling Technology. Anti-phospho-Src  antibody
(Tyrd19; AF2685) for immunohistochemical staining
was purchased from R&D Systems. Anti-CD31 (#53370)
and anti-Ki67 (CP2498) antibodies were purchased from
BD Pharmingen and BioCare Medical, respectively. Anti-
vinculin (V9131) and anti-B-actin (A5316) antibodies were
purchased from Sigma-Aldrich. Oxaliplatin (Wyeth) was
purchased from the institutional pharmacy. Dasatinib
(Bristol-Myers Squibb) was prepared as a 20 mmol/L stock
solution in dimethyl sulfoxide (DMSO). Paclitaxel, cispla-
tin, carboplatin, doxorubicin, and topotecan were pur-
chased from Sigma-Aldrich. Etoposide was purchased
from EMD4 Biosciences.

Microarray analysis

Gene expression was compared between mucinous
(RMUG-S and RMUG-L) and serous {SKOV3, OVCA3,
420, 429, 432, and 433) ovarian cancer cell lines. Path-
way analysis was used to assess significant genes in
mucinous compared with serous ovarian carcinoma
(Ingenuity Pathway Analysis, version 7.5; ref. 18; Gene-
Chip Human Genome U133 Plus 2.0 Array). Significant
gene network was plotted (both direct and indirect rela-
tionship) using the cutoff value of +1.5-fold change. Src
kinase-specific pathway analysis was carried out and was
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shown as functional gene network ontology. Extraction of
networks of molecular interactions for each data set was
conducted using NetWalk, a random walk-based network
retrieval algorithm (19), and NetWalk-mediated analyses
and visualizations were carried out using NetWalker, an
integrated platform for network-based data analyses and
visualization.

Apoptosis assay

For evaluation of apoptosis, PE Annexin V Apoptosis
Detection Kit I (BD Pharmingen) was used as described
previously (20). Briefly, 5 x 10> RMUG-S-ip2 cells with
serum-containing medium were plated in 10-cm plates and
incubated for 24 hours. Then, the media was replaced with
fresh serum-free medium. Treatment was started with con-
trol, oxaliplatin, dasatinib, and oxaliplatin with dasatinib
for time periods ranging from 24 to 96 hours. Cell mor-
phology was assessed by phase-contrast microscopy. Then,
cells were removed from plate by trypsin-EDTA, washed
twice with PBS, and resuspended with binding buffer at
10° cells/mL. FITC Annexin V and propidium iodide were
added (each at 5 pL/10° cells). Cells were incubated for
15 minutes at room temperature in the dark. Percentage
of apoptosis was analyzed with an EPICS XL flow
cytometer (Beckman-Coulter). Each sample was analyzed
in triplicate.

Cytotoxicity assays

Cytotoxicity of oxaliplatin, dasatinib, and oxaliplatin
with dasatinib treatment in RMUG-S-ip2 cells was assessed
with MTT uptake assay (Sigma-Aldrich) as described pre-
viously (20). Briefly, 2 x 10° RMUG-S-ip2 or SKOV3-TR
cells with serum-containing medium were plated in each
well of a 96-well plate and incubated for 24 hours. Then,
the media was replaced with fresh serum-free medium
containing various concentrations of drugs (200 nL). Treat-
ment was stopped at 48-, 72-, and 96-hour time points, and
0.15% MTT (50 pL) was added to each well. After a 2-hour
incubation period (37°C), medium was removed from
each well and 100 pL of DMSO (Sigma-Aldrich) was added.
The absorbance at 570-nm wavelengths was measured by
using a Falcon microplate reader (Becton Dickinson Lab-
wave). Each sample was analyzed in triplicate.

Isobologram analysis was carried out to evaluate the
cytotoxicity of oxaliplatin and dasatinib in RMUG-S-ip2
based on the dose-response cell survival curves (21).
Interaction index was calculated as described previously
(22). Additive effect (1), synergistic effect (<1), and antag-
onistic effect (>1) of the combination of oxaliplatin and
dasatinib were determined on the basis of the interaction
index.

Cell-cycle analysis

Proportions of cells in G;, S, and G, phases were eval-
uated following treatment with either oxaliplatin, dasati-
nib, or oxaliplatin with dasatinib and compared with
untreated controls. Briefly, 5 x 10°> RMUG-S-ip2 cells with
serum-containing medium were plated in a 10-cm dish

plate and incubated for 24 hours. Then, the media was
replaced with fresh serum-free medium. Treatment in each
condition was stopped at 24-, 48-, 72-, and 96-hour time
points, and cells were removed from the plate by trypsin-
EDTA, washed twice with PBS, and fixed with 70% ethanol
(4°C overnight). Ethanol was removed and incubated with
propidium iodine for 10 minutes. Cell-cycle analysis was
carried out with an EPICS XL flow cytometer (Beckman-
Coulter). Each sample was analyzed in triplicate.

Western blotting

Preparation of lysates from cultured cells was carried out
as previously described (23, 24). Briefly, cells with 80%
confluence were harvested and lysed in modified radio-
immunoprecipitation (RIPA) assay buffer (50 mmol/L Tris,
150 mmol/L NaCl, 1% Triton X-100, 0.5% deoxycholate,
25 pg/mL leupeptin, 10 pg/mL aprotinin, 2 mmol/L EDTA,
and 1 mmol/L sodium orthovanadate) as described pre-
viously (24). Protein concentrations were measured with
BCA Protein Assay Reagent Kit (Pierce Biotechnology), and
50 pg of lysate protein was mixed with 10% SDS-PAGE gels
transferred electrophoretically onto a nitrocellulose mem-
brane. Nonfat milk powder (5%) in TBS-T [10 mmuol/L Tris
(pH 8), 150 mmol/L NaCl, and 0.05% Tween-20] was used
for protein block for 1 hour. The blots were incubated with
anti-Src (band at 60 kDa) and anti-phospho-Src (60 kDa)
antibodies at dilutions of 1:1,000 for 4°C overnight and
washed with TBS-T. Antibody binding was probed by
incubating the blots with horseradish peroxidase-conju-
gated goat anti-rabbit antibodies (GE Healthcare) in 5%
milk diluted with TBS-T for 1 hour at room temperature.
Reactivity was visualized with an enhanced chemilumines-
cence detection kit (Pierce Biotechnology). Anti-vinculin
(120 kDa) or anti-B-actin (42 kDa) was used to evaluate an
equal protein loading. Densitometry (Image]; NIH) was
used to interpret the difference in the results of Western
blot.

Immunohistochemistry

Immunohistochemical analysis for phospho-Src
(Tyr419) and Src kinase was evaluated for human tissue
samples embedded in paraffin blocks. For mouse tissues,
phospho-Src, Src kinase, and Ki67 were evaluated using
formalin-fixed paraffin-embedded tumors. Optimal cut-
ting temperature (OCT) compound-fixed tumor samples
were used for CD31 staining. Briefly, the paraffin-
embedded block was sectioned to 5-pm thickness and
deparaffinized (60°C overnight) and rehydrated. Antigen
retrieval was done using the pretreatment reagent Borg
Decloaker (BioCare Medical) with pressure cooker for
anti-phospho-Src and anti-Src antibodies or Diva (BioCare
Medical) with steamer for anti-Ki67 antibody, respectively.
For CD31 staining, sections were done on freshly cut frozen
slides. These were fixed in cold acetone, and no antigen
retrieval was necessary. Endogenous peroxidase and non-
specific epitopes were blocked with 3% H,0, (Fisher
Scientific) in PBS for 12 minutes at room temperature,
nonspecific protein blinding was blocked with 5% normal
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horse serum and 1% normal goat serum for anti-Ki67 and
anti-CD31 antibodies or 4% cold water fish skin gelatin
(Electron Microscopy Science) for anti-phospho-Src or
anti-Src antibodies for 20 minutes at room temperature,
respectively. Sections were incubated with primary anti-
bodies at 4°C overnight. For negative control, sections were
incubated without primary antibody and with human IgG
antibody (Jackson ImmunoResearch Laboratories). Goat
anti-rabbit horseradish peroxidase-conjugated antibody
(Jackson ImmunoResearch Laboratories) for anti-CD31
and anti-Ki67 (1 hour, room temperature) or Mach 4
Universal HRP polymer (BioCare Medical) for anti-phos-
pho-Src and anti-Src antibodies (20 minutes, room tem-
perature) were used for secondary antibody, respectively.
Signal was visualized after incubating with 3,3’-diamino-
benzidine (Phoenix Biotechnologies) and counterstaining
with Gill’s no. 3 hematoxylin (Sigma-Aldrich).

Animal care

Nude mice (8-12 weeks old) were purchased from the
National Cancer Institute (NCI)/Frederick Cancer Research
and Development Center (athymic female, Ncr-nu). The
mice were quarantined, housed, and maintained under
specific pathogen-free environment in the animal facility
that is approved by the American Association for Accred-
itation of Laboratory Animal Care in agreement with the
current regulations and standards of United States Depart-
ment of Agriculture, Department of Health and Human
Service (DHHS), and NIH. Approval of the study protocols
was obtained and supervised by the Institutional Animal
Care and Use Committee at the University of Texas MD
Anderson Cancer Center.

In vivo therapeutic experiment

In vivo model of mucinous ovarian carcinoma (RMUG-S-
ip2) was created for the experiment (Supplementary Meth-
ods) and the characteristics are shown in Supplementary
Figure S1. RMUG-S-ip2 cells were injected into the perito-
neal cavity of 40 orthotopic nude mice (4 x 10° cells/
mouse). After randomization into 4 groups of 10 mice
(control, oxaliplatin alone, dasatinib alone, and oxaliplatin
with dasatinib), treatment was initiated at 4 weeks follow-
ing injection. Oxaliplatin (5 mg/kg/mouse) was given
intraperitoneally (i.p.) twice weekly after being dissolved
in 5% dextrose and diluted with HBSS (13). Dasatinib (15
mg/kg/d/mouse) was given orally every day after being
solubilized in citrate/citric acid buffer. Control mice
received HBSS i.p. twice a week and citrate buffer orally
every day. Mice were monitored on a daily basis and
weighted weekly. After 8 weeks of treatment, the mice were
sacrificed and total body weight of mouse, tumor locations
and weight, and the number of tumor nodules were
recorded. Tumor samples were fixed with 10% formalin
and embedded in paraffin or with OCT compound in
liquid nitrogen. A similar experiment was conducted with
25% drug dose reduction for both oxaliplatin and dasatinib
in the RMUG-S-ip2 model. In addition, an experiment with
the SKOV3-TR model (1.25 x 10° cells/mouse) was carried

out (mice were randomized into 4 groups as noted earlier
and treatment was started 1 week after tumor cell injection
and continued for 5 weeks).

Statistical analysis

Continuous variables were assessed for normal distribu-
tion (Kolmogorov-Smirnov test) and expressed as appro-
priate (mean = SD (or SE) or median with range). Student’s
¢ test or the Mann-Whitney U test was conducted to deter-
mine the statistical significance. Categorical variables were
evaluated with Fisher’s exact test (OR and 95% CI). For
clinical data analysis, to determine the significance of vari-
ables for the survival outcomes, such as progression-free
survival (PFS), overall survival (OS), and survival time after
progression of disease or recurrence, univariate (log-rank
test) and multivariate (Cox regression proportional hazard
test) analyses were carried out as appropriate. Survival curves
were estimated with the Kaplan-Meier method. P values
of less than 0.05 were considered as statistically significant
(all, 2-tailed). The Statistical Package for Social Scientists
software (SPSS; version 18.0) was used for all analyses.

Results

Mucinous ovarian carcinomas have distinct clinical
characteristics

We first examined the clinical features of mucinous
ovarian carcinoma compared with serous subtypes. The
average age of women with a diagnosis of mucinous
carcinoma was significantly less than those with serous
carcinoma (mean age, 54.1 + 14.8 vs. 59.9 £ 11.3, P =
0.005). Distribution of FIGO stages among women with
mucinous carcinomas was also significantly different
from those with serous histology; majority of mucinous
cases were early-stage carcinomas, whereas majority of
serous cases were advanced-stage carcinomas (P < 0.0001;
Fig. 1A). CA-125 is a common biomarker for ovarian
cancer used for diagnosis or follow-up after therapy. In
women with mucinous ovarian carcinomas, CA-125 was
infrequently elevated compared with those with serous
carcinoma (proportion of elevated CA-125 >35 IU/Lin all
stage cases, 66.7% vs. 96.0%, OR 0.56, 95% CI1 0.38-0.83,
P <0.0001; Fig. 1B). Same results were noted in advanced-
stage carcinomas (78.6% vs. 97.4%, OR 0.1, 95% CI
0.02-0.43, P = 0.009). Among cases with elevated CA-
125 (>35 IU/L), mucinous carcinoma patients showed
lower CA-125 values than those with serous carcinoma
(median 229 vs. 475 IU/L, P < 0.0001; Fig. 1B). In
multivariate analysis adjusted for other significant vari-
ables, such as age, cytoreduction, and stage, mucinous
histology remained an independent risk factor for survi-
val of ovarian cancer patients (OS, P = 0.045; survival
time after recurrence, P < 0.0001). In early-stage disease,
mucinous carcinoma patients showed better survival out-
comes than those with serous carcinoma (10-year PFS,
78.7% vs. 66.6%, P = 0.039; 10-year OS, 89.5% vs.
53.6%, P = 0.086; Fig. 1C). This difference likely repre-
sents the lower frequency of recurrence in women with
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early-stage mucinous ovarian carcinoma than among
those with serous histology (12.5% vs. 30%, OR 0.33,
95% CI10.15-0.76, P = 0.009). In advanced-stage disease,
representing 36.9% of mucinous ovarian carcinoma
cases, although there was no statistically significant dif-
ference in PFS between mucinous and serous carcinoma
patients (P = 0.92), OS of mucinous carcinoma patients
was significantly shorter than those with serous carci-
noma (median OS, 1.67 vs. 3.41 years, P = 0.002, multi-
variate analysis). Similarly, survival time after progression
of disease or recurrence after primary cytoreductive sur-
gery was significantly shorter for women with mucinous
carcinoma than for those with serous histology (median
survival time, 0.53 vs. 1.66 years, P < 0.0001, multivariate
analysis).

Gene expression and protein activity of Src kinase in
mucinous ovarian carcinomas

Given the poor clinical outcome of women with mudi-
nous ovarian cancer, new therapeutic approaches are
needed. In search of potentially useful targets, we next
evaluated gene expression in mucinous ovarian cancer cell
lines (heat map shown in Supplementary Fig. S2). In
pathway analysis, 41,329 genes were identified and
12,568 genes were functional and eligible for analysis.
The top 5 functional networks and 10 significant genes
in mucinous ovarian carcinomas, when compared with
serous ovarian carcinomas, are shown in Supplementary
Table S1 and Figure S3A-E, respectively. Src kinase was
included in the top 3 networks for amino acid, molecular
transport, and small molecular biochemistry, although Src
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mRNA was not differentially expressed between mucinous
and serous cancer cell lines (Supplementary Fig. S3C).
These data suggest that regulation of Stc would be at the
protein level. Thus, we examined the phosphorylation
status of Src in 12 ovarian cancer lines and 10 clinical
mucinous ovarian cancer samples. Because Src kinase
activity is proposed to be an important mechanism of
resistance to chemotherapy (13), Sic kinase-specific path-
way analysis was carried out for mucinous compared with
serous ovarian carcinoma cell lines (Fig. 2A). Among
upregulated genes associated with Src kinase, 3 of 12 genes
were cadherin and catenin family members (CDH1, CDHS,
and JUP; Supplementary Table S2). Because increased
expression of E-cadherin is a characteristic molecular fea-
ture of mucinous ovarian carcinoma (25), the increased
activity of cadherin/catenin pathway in mucinous ovarian
carcinoma may be associated with decreased Src expression
in mucinous ovarian carcinoma. There were some down-
regulated genes associated with cell growth, adhesion, and
motility in the mucinous ovarian cancer cells (ASAPI,
ITGB3, RAC2, DNMI1, and MYLK; Supplementary
Table S2).

Next, protein expression of Stc kinase was evaluated in
12 ovarian cancer cell lines and 2 nontransformed cell
lines. The results were similar to the microarray analysis,
and the level of total Src expression in mucinous ovarian
carcinoma cell line (RMUG-S-ip2) was the lowest among
tested cell lines (Fig. 2B). However, RMUG-S-ip2 showed
the highest activity of Src kinase, as determined by the ratio
between phospho-Src kinase and Src kinase. Expression of
Src kinase [total Src and phospho-Src (Tyr419)] was also
evaluated in 10 mucinous ovarian cancer samples
(Fig. 2C). p-SrcY419 was localized in the cytoplasm of
cancer cells, and all samples showed overexpression of
Src kinase.

Mucinous ovarian carcinomas are drug resistant

On the basis of clinical findings suggesting relative drug
resistance, we next examined the sensitivity of mucinous
(RMUG-S and RMUG-L) and serous (SKOV3) ovarian
cancer cell lines to various chemotherapeutic agents
(Fig. 2D). Compared with serous cancer cell line, mucinous
carcinoma cell lines had significantly higher IC5q values for
all tested chemotherapeutic agents. ICs, doses for oxali-
platin in RMUG-8-ip2 and RMUG-L-ip2 cells were 15.6 and
16.4 pg/mL, respectively (Supplementary Fig. S4). These
values are comparable with colorectal cancer cell lines
reported previously (2.8-29 ug/mL; refs. 26, 27). ICsq level
of oxaliplatin in drug resistant-cell line SKOV3-TR cells was
5.2 pug/mL (Supplementary Fig. S4).

Oxaliplatin-induced Src kinase activity is inhibited
by dasatinib

Next, we examined the effects of oxaliplatin on Src
expression and activation in the RMUG-S-ip2 and
SKOV3-TR cells. Oxaliplatin induced Src phosphorylation
but had no effect on total Src levels in the RMUG-S-ip2 cells
(Fig. 3A). Oxaliplatin did not affect Src phosphorylation in

the SKOV3-TR cells (Supplementary Fig. S5). Treatment
with dasatinib downregulated the phosphorylation of Src
kinase in the RMUG-S-ip2 cells (Fig. 3B). We then exam-
ined the effect of the combination of oxaliplatin and
dasatinib on Src activation in RMUG-S-ip2 cells. In com-
bination treatment, dasatinib blocked the oxaliplatin-
induced increase in Src activity (Fig. 3B).

We next examined the effect of dasatinib on cell viability
in the RMUG-S-ip2 and SKOV3-TR cells. RMUG-S-ip2 cells
showed a dose-dependent decrease in cell viability with
dasatinib (Fig. 4A). Conversely, SKOV3-TR cells did not
show changes in viability with dasatinib (Fig. 4B). RMUG-
S-ip2 cells were then treated with various concentrations of
oxaliplatin and dasatinib (Fig. 4C). Oxaliplatin treatment
alone affected cell viability of RMUG-S-ip2 cells (ICsq, 15.6
pg/mL), and the addition of dasatinib enhanced cytotoxic
effects of oxaliplatin treatment. Isobologram analysis was
carried out, and the interaction index was less than 1 at all
examined points, confirming the synergistic effects of oxa-
liplatin and dasatinib in cell viability (Fig. 4D). Dasatinib
concentration of 182 nmol/L showed a 50% reduction of
oxaliplatin ICse. In the SKOV3-TR cells, there was no
difference in cell viability between oxaliplatin treatment
alone and oxaliplatin with dasatinib (data not shown).

Effects of combination therapy with oxaliplatin and
dasatinib were evaluated using apoptosis assays in
RMUG-S-ip2 cells (Fig. 4E and Supplementary Fig. S6A).
Monotherapy with either oxaliplatin or dasatinib signifi-
cantly increased apoptosis compared with controls (pro-
portion of apoptosis, control vs. dasatinib vs. oxaliplatin,
4.1 + 0.8 vs. 8.5 £ 0.3 vs. 9.5 £ 0.5%; for both oxaliplatin
and dasatinib, P < 0.01). Combination therapy with oxa-
liplatin and dasatinib further enhanced the extent of apop-
tosis compared with monotherapy either with dasatinib or
with oxaliplatin (proportion of apoptosis, combination
therapy vs. dasatinib vs. oxaliplatin, 26.8 £ 0.3 vs. 8.5 +
0.3 vs. 9.5 £ 0.5%; for both oxaliplatin and dasatinib, P <
0.01). These significant effects were observed at all time
points examined (24-96 hours), and the effects were
maximal at the 96-hour time point. Effects of therapy on
cell-cycle were also analyzed in the RMUG-S-ip2 cells
(Fig. 4F and Supplementary Fig. S6B). Oxaliplatin signifi-
cantly increased the proportion of cells in S-phase and
decreased in both G; and G, phases compared with control
(P < 0.001). Dasatinib treatment did not affect cell-cycle
distribution. The results of the combination of oxaliplatin
and dasatinib remained similar to the results of oxaliplatin
treatment (P < 0.001 compared with control).

In vivo antitumor effects of oxaliplatin and dasatinib
in ovarian carcinoma

Next, an in vivo experiment was carried out to evaluate
the antitumor effects of combination therapy with oxali-
platin and dasatinib. Compared with the control group,
monotherapy with oxaliplatin or dasatinib resulted in
significantly smaller tumor weight (tumor weight reduc-
tion, control vs. oxaliplatin, 58.6%, P < 0.01; and control
vs. dasatinib 65.8%, P < 0.01) and number of tumor
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Figure 2. Expression and activity
of Src kinase in mucinous ovarian
carcinomas. A, Src pathway-
specific analysis with gene
network ontology is shown.
Expression in mucinous ovarian
carcinoma cell lines was
compared with serous ovarian
carcinoma cell lines. B, Western
blot analysis for phospho-Src and
Src kinase in 14 cell lines is shown.
C, immunohistochemical staining
for Src kinase and phospho-Src in
human mucinous ovarian
carcinomas is shown
(magnification 200x). H&E,
hematoxylin-eosin. D, cell viability
assay for 3 cell lines and 6
chemotherapeutic agents is
shown.
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Figure 3. Modulation of Src kinase activity with oxaliplatin and dasatinib.
A, Western blot analysis for phospho-Src and Src is shown over various
oxaliplatin doses in RMUG-S-ip2 cells after treatment for 30 minutes. B,
Western blot analysis for phospho-Src and Src over time is shown for
RMUG-S-ip2 cells treated with oxaliplatin (12.4 pg/mL), dasatinib (100
nmol/L), and the combination of the 2 drugs.

nodules (tumor nodule reduction, control vs. oxaliplatin,
45.9%, P < 0.05; and control vs. dasatinib 53.6%, P < 0.05;
Fig. 5A). Combination therapy with oxaliplatin and dasa-
tinib further showed significant antitumor effects com-
pared with either monotherapy: reduction of tumor
weight, oxaliplatin versus combination, 79.1%, P < 0.01;
and dasatinib versus combination, 74.7%, P < 0.01, respec-
tively (Fig. 5A). Compared with controls, combination
therapy resulted in 91.3% tumor weight reduction and
77.4% decrease in tumor nodule number, respectively
(both P < 0.01). There were 4 of 10 mice with metastasis
to liver parenchyma in the control group, but none in the
treatment groups. Mice treated with dasatinib did not have
any differences in body weight compared with the control

group (data not shown). To evaluate whether there may be
synergistic antitumor activity with oxaliplatin and dasati-
nib, we conducted an in vivo experiment using RMUG-S-ip2
with 25% dose reduction of oxaliplatin and dasatinib
(Supplementary Fig. S7). The results of antitumor effects
in low-dose oxaliplatin and dasatinib were similar to the
results of original experiment: antitumor effects of oxali-
platin alone, dasatinib alone, and combination of oxali-
platin and dasatinib were 65.4%, 60.3%, and 88.8%,
respectively, when compared with the control group (all
P < 0.05). These results suggest possible synergistic anti-
tumor effects of oxaliplatin and dasatinib in mucinous
ovarian carcinoma.

In contrast to mucinous ovarian carcinoma, serous ovar-
ian carcinoma showed different antitumor effects with
dasatinib treatment (Fig. 5A). Although RMUG-S-ip2
showed significant antitumor effects with dasatinib mono-
therapy, there were no significant antitumor effects in the
SKOV3-TR model (mean tumor weight, dasatinib vs. con-
trol, 1.09 £ 0.29 vs. 1.42 £ 0.29, P = 0.42). These in vivo
effects with dasatinib monotherapy corresponded well
with the effects noted in the in vitro experiments with
the mucinous and serous cancer cell lines (Fig. 4A and
B). Oxaliplatin alone showed significant antitumor effects
in the SKOV3-TR model when compared with control
(mean tumor weight, oxaliplatin vs. control, 0.48 £ 0.12
vs. 1.42 £+ 0.29, P = 0.01), and the extent of tumor
reduction rate with oxaliplatin therapy was similar to the
RUMG-S-ip2 model (58.6% and 65.9%, respectively).

Immunohistochemical staining was carried out on the
RMUG-S-ip2 tumor tissues obtained from the in wvivo
experiments to assess the effects on proliferation and
microvessel density (MVD; Fig. 5B). Tumors obtained from
the dasatinib treatment group showed substantially
decreased p-SrcY419 expression compared with the control
group. In tumors obtained from the oxaliplatin treatment
group, there were areas that showed focally increased
expression of p-SrcY419. This was not seen in tumors
treated with oxaliplatin and dasatinib. This induction of
activated Src following oxaliplatin treatment supports the
in vitro findings. Numbers of positive-Ki67 cells as well as
MVD were significantly decreased in the combination
therapy group compared with monotherapy group (all P
< 0.05; Fig. 5B).

Discussion

Our clinical, in vitro, and in vivo results highlight impor-
tant features that contribute to the distinct mechanisms of
mucinous ovarian carcinoma pathogenesis. Targeting Src
kinase with dasatinib inhibited oxaliplatin-induced Src
kinase activity and showed synergistic antitumor effects
in a mucinous ovarian carcinoma model. Several key areas
in this notable observation deserve special mention.

Mucinous ovarian carcinoma is known to be associated
with poorer patient outcome than with other subtypes of
ovarian carcinoma (4, 7, 8). Our results not only support
previous studies but also imply that mucinous ovarian
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carcinomas are associated with slow progression and che-
moresistance that may partly be explained by the hypoth-
esis that mucinous ovarian carcinomas are genetically
stable (28). To explain the distinct clinical characteristics
of mucinous ovarian carcinomas, there are several mole-
cular characteristics that can distinguish these tumors from
serous carcinomas (8). Well-studied biomarkers of muci-
nous ovarian carcinomas include cadherin, matrix metal-
loproteinases, WT-1, CA-125, and carcinoembryonic
antigen. In gene expression analyses with microarrays,
the profile patterns among these 2 cell lines were distinctly
different (8). Although mucinous ovarian carcinomas are
less likely to have BRCA or p53 mutations, Kras mutations
are seen with greater frequency than with serous carcino-

mas (8). Kras mutation, reported in nearly 40% of carci-
nomas, is also common in colorectal carcinoma (29).
These molecular characteristics further support the premise
that mucinous ovarian carcinoma is distinct not only from
serous ovarian carcinomas but also from histologically and
molecularly mimics colorectal carcinoma (8).
Oxaliplatin has been used for the treatment of ovarian
carcinomas in various clinical trials and has shown a wide
range of antitumor activity (20%-75%; refs. 12, 30).
Induction of Src kinase activity via reactive oxygen species
(ROS) produced during the process of oxaliplatin-DNA
adduct formation has been proposed as one of the
mechanisms associated with oxaliplatin resistance in col-
orectal carcinoma (13). Thus, dasatinib holds potential
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for enhancing the efficacy of oxaliplatin chémotherapy
(31). In our study, similar findings were observed in
mucinous ovarian carcinoma and treatment with oxali-

platin induced activation of Src kinase in RMUG-S-ip2
cells. Similar induction was not observed in serous ovar-
ian cancer cells. Induction of Src kinase activity may be
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associated with drug resistance via AKT and Ras pathways
in mucinous ovarian carcinoma (13, 32, 33). However, it
is not completely clear how Src kinase activity is induced
in mucinous ovarian carcinoma but not in serous cancer
cells. To date, the mechanism of ROS-induced Src activa-
tion is not fully understood (13). As shown in colorectal
carcinoma models, pretreatment with an antioxidant
agent, such as a vitamin E analogue, inhibited phosphor-
ylation of Src kinase (13). Thus, it is possible that cell
innate functions of antioxidative enzymes such as super-
oxide dismutase in mucinous ovarian carcinoma may be
different from that of serous carcinoma (13).

Mucinous ovarian carcinomas showed not only induc-
tion of Src kinase activity with oxaliplatin treatment but
also increased activity of Src kinase in nonstress conditions.
However, expression of Src kinase at mRNA and protein
levels in RMUG-S-ip2 cells was lower than in serous cancer
cell lines. This suggests that there is a mechanism that
contributes to the activation of Src kinase at the protein
level but not necessarily at the gene expression level.
Theoretically, increased upstream signaling, phosphatase
activity, and protein-protein interactions downstream of
Src could be the mechanisms that explain increased activity
of Src kinase. To date, there is little evidence about the
mutation of Src kinase (14, 15). Phosphorylation of Y419
tyrosine residue activates Src kinase, whereas that of Y530
tyrosine residue inactivates Src kinase (15). It is possible
that the RMUG-S-ip2 cells may have increased phosphatase
activity that dephosphorylates Y530. For protein-protein
interaction as the mechanism of Src kinase activation, there
are several binding partners of Src kinase that can regulate
its catalytic activity including the p130cas/paxillin complex
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Fig. 1. Exploration of the abscess cavity.

Benassi et al. [2] reported a case of abscess formation at the
ischiorectal fossa 7 months after TOT procedure, Goldman [3]
described a patient with abscess formation in the region of gracilis
and great adductor muscles. Robert et al. [4] reported case series of
primary obturator abscess and mesh erosions after TOT proce-
dures. They chose to drain the abscess vaginally and had good
healing processes. Babalola et al. [5] reported an ischiorectal
abscess following TOT procedure managed by gluteal drainage,
which was healed nicely. In this patient, chronic paravaginal/
ischiorectal abscess was observed and there may be the possibility
of infection spreading from point of erosion in the vaginal wall to
the obturator muscle region to the ischiorectal fossa. Longstanding
drainage was managed by the help of gravity and walking through
gluteal drain. We suggest that the chronic abscess formation may
be due to recurrent urogynecological operations, previous
unsuccessful vaginal route drainage procedures (proper time for
drainage could not be allowed because of quick vaginal healing)
and incomplete surgical removal of the tape (tape remainders
formed a foreign body reaction and inflammation). Urogynecolo-
gical procedures for stress urinary incontinence must be carefully
selected and complete evaluation must be done before the
recurrent operation. In an abscess formation, complete sling must
be removed. We recommend our surgical technique for manage-
ment of paravaginal, pararectal or ischiorectal abscess to avoid
recurrences and for recurrent chronic abscess treatment.
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A successful case of abdominal radical trachelectomy for
cervical cancer during pregnancy

Dear Editor,

A 27-year-old woman (gravida 2, para 0) was referred to us due
to cervical cancer at 12 weeks. The lesion was macroscopically
visible. Pelvic MRI revealed a 20 x 7 mm cervical mass with
minimal stromal invasion but no obvious metastasis to either
pelvic lymph nodes or parametrial extension. A diagnosis of FIGO
stage IB1 cervical cancer (squamous cell carcinoma) was made.

After extensive discussions, and obtaining written informed
consent, we decided to perform abdominal radical trachelectomy
(ART) during pregnancy, as previously reported by Ungar et al. [1],
Mandic et al. [2], and Abu-Rustum et al. [3]. Surgery was performed
at 15 weeks. To prevent abortion, 50 mg of an indomethacin rectal
suppository was administered on the morning of the surgery; 25 mg
more was administered immediately after surgery, and every 6 h
thereafter, 4 times total. Also, 250 mg of 17-alpha-hdroxy-proges-
terone caproate was administered intramuscularly 60 min prior to
surgery, and once a week thereafter, until 36 weeks of gestation.

Under general anesthesia with sevoflurane, the operation was
initiated. Although the operative field was full with enlarged
pregnant uterus, we were able to improve the operative field by
displacing the uterus manually because indomethacin and
sevoflurane were sufficiently effective at decreasing the tonus of
the uterus. At first, pelvic lymphadenectomy was performed. By
intraoperative pathology, negative for lymph node metastases
were confirmed in bilateral obturator and external iliac nodes.
Bilateral adnexae were preserved. After isolation of the left ureter
from retroperitoneum, the left uterine artery was identified and
gently dissociated from surrounding tissues. On the other hand, the
right uterine artery was extremely thin and was unintentionally
transected. After transection of anterior and posterior vesicouter-
ine ligaments, cardinal ligaments were treated. Then uterosacral
and rectovaginal ligaments were transected. The vaginal wall was
cut from the 12 o'clock position circumferentially and then
the cervix was transected 1 cm below the isthmus (Fig. 1). The
excised specimen included 3.2 cm of uterine cervix with 1 cm of
vaginal cuff. Margins were macroscopically clear; intraoperative
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Fig. 1. In an abdominal radical trachelectomy during pregnancy at 15-weeks of
gestation, the cervix was excised 1 cm below the isthmus.

frozen-section diagnosis confirmed negative margins. A Pap smear
from remaining endocervix was negative. Semi-permanent cerclage
was performed with nylon suture. The vaginal wall and remaining
uterine cervix were anastomosed. Operation time was 7.5 h. Blood
loss was 1200 ml; she received 960 m! of blood transfusion.

Microscopic vaginal invasion was observed in the anterior fornix.
Final pathological diagnosis was squamous cell carcinoma of the
uterine cervix, pT2a1, pNO, pMO; stromal invasion was less than 1/2;
negative for margins; no apparent lymphovascular invasion. No
metastases were detected in removed lymph nodes (0/16).

After the operation, we performed Pap smear every 4 weeks.
Her pregnancy continued successfully, with normal Pap smear.
Planned cesarean section was performed at 37 weeks. A healthy
female infant was born weighing 2584 g, with an Apgar score 8/9.
Currently, no sings of recurrence have been observed in the follow-
up period of 6 months after the cesarean section.

First case of radical trachelectomy (vaginal) during pregnancy
was reported by van de Nieuwenhof et al. in 2008 [4]. Since then,
some cases have been reported although the indication and method
are still not confirmed as standard procedure. ART at earlier weeks of
gestation may seem favorable because the smaller uterus provides a
better operative field. However, pregnancy outcome is poor when
ART is performed during earlier weeks; in previous reports, 3 of 4
cases who underwent ART at less than 14 weeks resulted in
intrauterine fetal death (IUFD) [1]. In addition, a single case of ART at
12 weeks resulted in TUFD during the surgery (personal communi-
cation, Dr. Tadayoshi Nagano, Kitano Hospital, Osaka, Japan).
Meanwhile, 3 out of 4 cases who underwent surgery later than
15 weeks produced live infants [1-3,5]. Accordingly, we waited to
perform ART at 15 weeks. Although we failed to preserve the right
uterine artery, the surgery was completed without fetal loss;
presumably collateral blood supply from the left uterine artery and
both ovarian arteries maintained sufficient placental blood flow.

Similar experiences with this relatively new approach for
cervical cancer in pregnant women should be accumulated and
discussed widely to verify the strategy’s safety and efficacy.
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sFIt-1 and PIGF levels in a patient with mirror syndrome related
to cytomegalovirus infection

Dear Editor,

In 1892, John M. Ballantyne made the first description of
tremendous maternal edema associated with fetal and placental
hydrops due to rhesus alloimmunization [1]. In this syndrome the
mother “mirrors” the general edema presented by compromised
fetus and placenta [2]. Although the first Ballantine’s report
involved a patient with rhesus alloimmunization, other causes of
fetal and placental hydrops have been associated with the disease,
such as cytomegalovirus (CMV) and parvovirus B19 infections and
twin-to-twin transfusion {3-5]. The complete pathogenesis of
“mirror syndrome” is still not very clear, but some authors have
recently described the involvement of an anti-angiogenic state
[3,5]. Here, we describe a case of severe preeclampsia at 26
gestational weeks associated with massive placenta and fetal
hydrops due to acute CMV infection. We found that increased
concentrations of sFlt-1; (fms-like tyrosine kinase-1) are involved
in the clinical syndrome manifested by patients with mirror
syndrome.

A23-year-old woman with a singleton pregnancy was referred
to our university at 26 gestational weeks due to new-onset
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Abstract

Background TAP chemotherapy (paclitaxel, doxorubicin,
and cisplatin) is effective for advanced and recurrent
endometrial carcinoma, but has occasional severe toxicity.
TEC chemotherapy (paclitaxel, epirubicin, and carbo-
platin) has been suggested to have less toxicity; however,
the optimal dosage has yet to be determined.

Patients and methods Phase VIl prospective study for
TEC therapy was performed. A retrospective comparison of
the prognosis between adjuvant TEC therapy and radiation
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for completely resected cases with risk factors was also
performed.

Results The recommended dose of TEC therapy was
determined to be paclitaxel 150 mg/m?, epirubicin 50 mg/
m?, and carboplatin AUC 4. A TEC regimen at this dose
level was shown to be tolerable. The response rate and
median overall survival were 74% and 37 months for those
with advanced primary disease (Group B) and 50% and
26 months for recurrent tumors (Group C), respectively. A
retrospective comparison showed that adjuvant TEC ther-
apy for completely resected stage III cases improved their
prognosis when compared to an adjuvant radiation therapy.
Conclusion TEC therapy was demonstrated to be a tolera-
ble and effective treatment, not only as a remission-induction
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therapy for advanced and recurrent endometrial carcinomas
but also as the adjuvant therapy.

Keywords Endometrial cancer - Combination
chemotherapy - TEC - Paclitaxel - Epirubicin - Carboplatin

Abbreviations

CAP Cisplatin, adriamycin, and
cyclophosphamide

TAP or AP Doxorubicin and cisplatin (with or without
paclitaxel)

TC or TEC Paclitaxel and carboplatin (without or with
epirubicin)

TEP Paclitaxel, epirubicin, and cisplatin

ALT Alanine aminotransferase

AST Aspartate aminotransferase

AUC Area under the plasma drug concentration

versus time curve
CR Complete response

DLT Dose limiting toxicity

FIGO International Federation of Gynecology and
Obstetrics

G-CSF Granulocyte-colony stimulating factor

GOG The gynecologic oncology group

GOGO The gynecologic oncology group of Osaka

Gy Gray, unit of absorbed radiation

MTD Maximum tolerated dose

0S Overall survival

PD Progressive disease

PFS Progression-free survival

PR Partial response

RR Responsive rate

RT Radiation therapy

SD Stable disease

WAI Whole-abdominal radiation therapy

WBC White blood cells

5-HT; S5-hydroxytriptamine-3

Introduction

Endometrial cancer is the most common gynecological
cancer in the Western world. Although its incidence has
increased during the last three decades, its treatment has
also evolved considerably during the same period. Surgical
therapy currently consists of hysterectomy, bilateral sal-
pingo-oophorectomy, and retroperitoneal lymph node dis-
section. Prognostic factors for the disease include
histological type and differentiation, stage, level of myo-
metrial invasion, peritoneal cytology, lymph node metas-
tasis, and adnexal metastasis [1, 2].

@ Springer

In the past, patients with poor prognostic factors usually
underwent adjuvant post-operative irradiation. Recently, a
randomized study by the Gynecologic Oncology Group
(GOG #122) revealed that a combined chemotherapy of
AP (doxorubicin 60 mg/m? and cisplatin 50 mg/m?®) was
superior to whole abdominal irradiation (45 Gy WAI) as the
adjuvant therapy. However, significant hematologic and
cardiac toxicity and treatment-related death were detected
in the chemotherapy arm of the AP study [3].

Recently, arandomized study showed a better response rate
and longer progression-free and overall survival rates (PFS
and OS) using TAP (a combination of paclitaxel (160 mg/m?),
doxorubicin (45 mg/m?), and cisplatin (50 mg/m?)) than with
AP (GOG #177) [4]. However, the neurologic toxicity was
even worse for the patients receiving TAP, with 39% suffering
grade 2-3 peripheral neuropathy, compared with 5% of those
in the group receiving AP. Three patients (2%) on the TAP
arm, versus none on AP arm, developed grade 3 heart failure,
and treatment-related death occurred in five patients (4%) on
the TAP arm, versus none with AP. Thus, the TAP regimen is
often avoided because of its toxicity, despite its proven better
effectiveness for advanced and recurrent endometrial cancer.
GOG is currently running a study to compare the combination
of paclitaxel and carboplatin (TC) with TAP.

Lissoni et al. reported that TEP (a combination of
paclitaxel 175 mg/m?, epirubicin 70 mg/m? and cisplatin
50 mg/m?) exhibited high anti-tumor activity against
advanced endometrial carcinoma and good tolerability [5].
The TEP response rate for advanced endometrial carci-
noma was 73%; however, grade 3—4 neutropenia occurred
in 61% of the recipients, with possibly one related death.

More recently, TEC, a combination of paclitaxel
(150 mg/mz), epirubicin (50 mg/mz), and carboplatin (AUC
5), when combined with G-CSF support, was shown to be
potently active against metastatic and recurrent endometrial
carcinomas. This TEC treatment was accompanied by grade
3—4 neutropenia in 15.5% and grade 2-3 neurotoxicity in
19% of patients [6]. However, a determination of the proper
dosage for the TEC regimen was not performed, and its
effectiveness as an adjuvant therapy remains to be clarified.

In our phase I/II prospective study being described here,
we first determined the optimal dose for TEC therapy;
subsequently, we analyzed the safety and responsiveness to
the regimen for advanced or recurrent endometrial carci-
nomas. Moreover, we studied the effectiveness of our TEC
regimen as an adjuvant therapy for optimally resected
endometrial cancer with risk factors of recurrence.

Materials and methods

This study was conducted during the period of 1999-2007
by the Gynecologic Oncology Group of Osaka (GOGO)
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that included Osaka University Hospital, Osaka Rosai
Hospital, Kaizuka City Hospital, Suita Municipal Hospital,
Kansai Rosai Hospital, Itami City Hospital, Osaka Kou-
seinenkin Hospital, Rinku General Medical Center, Sakai
Municipal Hospital, and Osaka Police Hospital.

Eligibility

Participation eligibility required that the patient have adequate
hematologic findings (WBC > 3,000/pl, platelets > 100,000/
ul, granulocytes > 1,500/pl, and hemoglobin > 10 g/dl), and
renal (creatinine < 2 mg/dl) and hepatic (bilirubin < 3 mg/dl,
AST and ALT < 2x the institutional normal value) func-
tions. A relative performance status of 0-2 was needed.
The tumors needed to be histologically diagnosed as being
a primary or recurrent endometrial carcinoma. The age of
the patients needed to be 70 years of age or less, and the
patient needed to have an estimated remaining survival
time of greater than 3 months. Those with synchronous
cancers or with serious concomitant medical illnesses were
deemed ineligible. All patients provided voluntary written
informed consent before the treatment commenced.

Phase I component

Adverse treatment effects were graded based on WHO
criteria for toxicity. For our phase I study of TEC therapy,
the maximum tolerated dose (MTD) levels of paclitaxel,
epirubicin, and carboplatin were evaluated. The drugs were
administered every 3-4 weeks for 3-6 cycles. The starting
dose was set at 150 mg/m?® for paclitaxel, 50 mg/m? for
epirubicin, and AUC 4 for carboplatin. G-CSF (granulocyte
colony-stimulating factor) was used to support hemato-
poiesis when grade 4 neutropenia, or grade 3 neutropenia
with fever, was observed.

A 3 + 3 study design was used for dose escalation. The
first and second dose escalation indicated an AUC of 4.5 to
5 for carboplatin, the third escalation found 175 mg/m”
for paclitaxel, and the fourth escalation was 70 mg/m?
for epirubicin. The first reduction indicated 30 mg/m? for
epirubicin, the second indicated 135 mg/m? for paclitaxel,
and the third indicated AUC 3.5 for carboplatin. Dose
limiting toxicity (DLT) was defined as when grade-4
hematologic toxicity and grade-3 non-hematologic toxicity
occurred. MTD indicated the highest dose level at which
<33% of patients (<2 of 6 patients) experienced a DLT,
and the recommended phase II dose was the MTD, as
previously described [7].

Phase II component

For our phase II study, the patients were divided into three
groups. The patients with no residual tumor larger than

1 cm after surgery, but who still had a significant risk for a
recurrence, were placed in Group A. Surgery typically
consisted of a total abdominal hysterectomy, bilateral sal-
pingo-oophorectomy, and a lymphadenectomy for staging.
Lymphadenectomy was omitted when the histology was
diagnosed as grade-1 endometrioid adenocarcinoma with-
out invasion of the myometrium. Cytoreductive surgery
was added as needed. The considerations for assigning a
high risk for a recurrence included being FIGO (Interna-
tional Federation of Gynecology and Obstetrics) stage III
or IV, a myometrium invasion of >1/2, or a special type of
histology, such as endometrioid adenocarcinoma grade 3,
clear cell carcinoma, uterine serous papillary carcinoma, or
carcinosarcoma.

The stage IIla patients who had only a positive perito-
neal cytology and none of the other risk factors described
above were not included. Treatment was repeated every
3-4 weeks and continued for 3 or 6 cycles until disease
progression or unacceptable toxicity. Stage III or IV
patients or recurrent disease was planned to receive 6
cycles of TEC therapy. Patients with other risks were
planned to receive 3 cycles of the therapy.

Patients who had a measurable tumor with CT larger
than 1 cm remaining after cytoreductive surgery were
combined with patients who received primary TEC therapy
for an inoperable tumor as Group B. Patients suffering
from a recurrent disease were defined as Group C. In Group
C, 9 patients received surgery and adjuvant radiation, and
one patient underwent surgery alone, with no follow-up
adjuvant. Our study patients’ characteristics are listed in
Table 1. Patients in Group A were treated with TEC at the
phase II dose determined in our phase I study. Any and all
patients who received TEC therapy at the same dose as the
recommended phase II dose were included in our study.

The primary endpoints of the phase II trial were the
toxicity of TEC regimen and the clinical response for the
patients with advanced (Group B) and recurrent (Group C)
endometrial cancer.

The secondary endpoints of our phase II study were the
progression-free survival and overall survival. We used
RECIST (version 1.0, response evaluation criteria in solid
tumors) for evaluating the therapy response. A complete
response (CR) required regression of all tumors. A partial
response (PR) required >30% reduction in the sum of the
largest diameter of the target legions. A progressive disease
(PD) means that new lesions appeared, or the sum of the
largest diameter of the target lesions enlarged >20%. All
other diseases were considered to be a stable disease (SD).

Progression-free survival (PFS) and overall survival
(OS) of the three groups were evaluated over a median
follow-up period of 36 and 37 months for Group A, 12 and
26 months for Group B, and 6 and 18 months for Group C,
respectively.
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