therapy is being explored in the worldwide, prospective,
randomized trial GCIG/JGOG 3017, a study designed to
compare the survival of patients with ovarian clear cell
carcinoma treated either with the paclitaxel-carboplatin
combination or the irinotecan-cisplatin combination.

It is well recognized that the dose-limiting toxicities of
irinotecan-based therapy are severe neutropenia and di-
arrhea [6]. The active metabolite of irinotecan, SN-38 (7-
ethyl-10-hydroxycamptothecin), is glucuronidated by
uridine diphosphate glucuronosyltransferase 1As (UGT-
1As) including UGT1ALl, and inactivated by forming SN-
38 glucuronide (SN-38G) [7, 8]. In these UGT1A enzymes,
the UGT1AL1 protein has the highest ability to glucuron-
idate SN-38. Genetic variations in the promoter and cod-
ing regions of UGT1Al have been reported to decrease
enzyme activity. A polymorphism of UGT1Al, UGT-
1A1*28, is a repeat polymorphism in the TATA box of the
promoter, and homozygosity for UGT1A1*28 is associ-
ated with Gilbert’s syndrome, which is characterized by
elevated serum levels of unconjugated bilirubin [9]. Pa-
tients bearing the UGT1A1*28 allele have a decreased
ability to form SN-38G, and the UGT1A1*28 allele was
significantly correlated with irinotecan-induced toxici-
ties [10-14]. In Asians, the allele frequency of UGT1A1*28
is lower, and UGT1A1%*6, another polymorphism of
UGTI1AL, is much higher in Asians compared with Cau-
casians or African-Americans [15]. Both UGT1Al*6, a
G—>A transition at codon 71 (G71R), and UGT1A1%*27, a
C—A transition at codon 229 (P229Q), are polymor-
phisms of the UGT1AL1 gene located on exon 1 {16] and
related with reduced SN-38 glucuronidation activity [17,
18]. Recently, a significant association between UGT-
1A1%6 and severe adverse effects following irinotecan-
based chemotherapy has been reported [19, 20].

On the other hand, a meta-analysis of 10 patient co-
horts treated with medium/high-dose irinotecan dem-
onstrated that the risk of grade 3/4 hematologic toxicity
was higher in patients with the UGT1A1*28/*28 geno-
type than in those with the UGT1A1*1/*1 and UGT-
1A1*1/*28 genotype [21]. This significant difference was
not observed in patients treated with low-dose of irino-
tecan (100-125 mg/m?), a commonly used therapeutic
range. However, limitations of the study are possibly the
heterogeneity of the patients and the treatment schedule,
e.g. supplementation of platinum agents.

In the present study, the effect of UGT1Al genotypes
on toxicity profiles was prospectively investigated in gy-
necologic cancer patients who received the irinotecan-
cisplatin combination therapy at the dose and schedule
employed in the GCIG/JGOG 3017 trial.
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Patients and Methods

Patients and Tumors

Patients meeting the following criteria were eligible for the
study: histologically confirmed diagnosis of ovarian or uterine
cervical carcinoma; age between 20 and 75 years; a performance
status between 0 and 2 on the Eastern Cooperative Oncology
Group scale; a life expectancy of at least 3 months; a treatment-
free period of at least 4 weeks from the previous chemotherapy or
irradiation, and adequate hematological (total white blood cell
count =3,000/ul; absolute neutrophil count =1,500/ul; platelet
count =100,000/p.1 and hemoglobin level =9 g/dl), hepatic (total
bilirubin level <1.5 mg/dl, and aspartate and alanine amino-
transferase levels <3 times the upper limit of normal) and renal
(creatinine level =1.5 mg/dland/or creatinine clearance =60 mi/
min) function. The protocol included the following exclusion cri-
teria: massive ascites and/or massive pleural effusion; serious in-
fectious diseases or other complications such as uncontrollable
diabetes, intestinal pneumonitis or bowel obstruction; active
bowel bleeding or colitis; active concurrent malignancies; symp-
tomatic brain metastasis; lacting or pregnant women; medical re-
cord of hypersensitivity reaction to irinotecan or platinum agents,
or other medical problems severe enough to prevent compliance
with the present protocol. The study protocol was approved by
each institutional review board; the National Defense Medical
College, the Saitama Cancer Center, the International Medical
Center of the Saitama Medical University and the Nishisaitama
Chuo Hospital. All study participants gave informed consent pri-
or to the enrollment in the study.

Drug Administration

The enrolled patients received chemotherapy consisting of 90-
min intravenous infusions of irinotecan (60 mg/m?) on days 1, 8
and 15 and subsequently 120-min intravenous infusions of cis-
platin (60 mg/m?) on day 1 every 4 weeks. Treatment with irino-
tecan was withheld on days 8 or 15 if the patient experienced he-
matologic toxicities of grade 3 or more or non-hematologic tox-
icities of grade 2 or more. A subsequent cycle of chemotherapy
was initiated if the patients showed adequate hematological, he-
patic and renal function according to the criteria for patient en-
rollment and did not meet the exclusion criteria. The worst toxic-
ity profiles of the initial two chemotherapy courses and adherence
to the study protocol were investigated for the present study.

UGTI1AI Genotyping

Serum samples of the study patients were analyzed for poly-
morphisms of UGT1A1 using the Invader UGT1A1 Molecular
Assay (BML, Kawagoe, Japan), which enabled genotyping of
UGT1A1*28, *6, and *27 [22]. Wild-type and non-wild-type
UGT1A1 was determined by the assay.

Response Evaluation

Response was evaluated with CT or MR images after two cy-
cles of chemotherapy in the patients with measurable disease. Tu-
mor response was assessed using Response Evaluation Criteria in
Solid Tumors [23]. Responses were confirmed by CT at least 4
weeks later. Response evaluation of chemotherapy was not done
by serum levels of CA125 in patients with ovarian carcinoma in
the present study.
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Table 1. Characteristics of the patients

Characteristics Patients Median (range)
Total patients 30

Ovarian cancer 24 (80%)

Cervical cancer 6 (20%)
Age, years 58 (37-75)
Weight, kg 51 (42-75)
Performance status (ECOG)

0 25 (83%)

1 5 (17%)

2 0 (0%)
Previous chemotherapy

22 regimens 14 (47%)

1 regimen 13 (43%)

No 3(10%)
Previous pelvic radiotherapy

Yes 3 (10%)

No 27 (90%)

ECOG = Eastern Cooperative Oncology Group.

Toxicity Profiles and Statistical Analysis

Physical examination and serum blood tests were carried out
on days 1, 3, 8, 15 and 21 for toxicity evaluation. Toxicity was as-
sessed using the National Cancer Institute Common Toxicity Cri-
teria (version 3). The ¥ test and Student’s t test for unpaired data
were used for statistical analyses. Multivariate logistic regression
analyses of toxicities were performed using StatView (version 5.0;
SAS Institute, Cary, N.C., USA). A p value <0.05 was considered
statistically significant.

Results

A total of 30 patients who fulfilled the inclusion crite-
ria but not the exclusion criteria were investigated. Ta-
ble 1 summarizes the characteristics of the patients en-
rolled in the study. No case was excluded due to insuffi-
cient liver and renal function. All the 30 patients were
Japanese. UGT1Al genotyping using the Invader UGT-
1A1 Molecular Assay revealed the wild type in 17 pa-
tients (57%), UGT1A1*28 in 4 (13%), UGT1A1*6 in 8
(27%) and UGT1A1*28*6 in 1 (3%) patient; UGT1A1*27
was not detected in any of the 30 study patients. All
UGT1AL1 polymorphisms were heterozygous alterations,
and no homozygous polymorphisms were observed in
the present study.

Possible correlations between the total serum biliru-
bin level prior to and the highest serum bilirubin level

Effects of UGT1A1*6 on Combination
Therapy with Irinotecan and Cisplatin

Table 2. UGT1A1 genotype and total bilirubin level prior to ther-
apy and the highest value during chemotherapy

UGT1ALl genotype Bilirubin Bilirubin p
prior highest value!
mean (range) mean (range)

Wild type (n=17) 0.49 (0.2-0.7) 0.78 (0.3-2.1) <0.01

Non-wild type (n =13)  0.61(0.3-1.2) 0.79(0.3-1.2) 0.14
UGT1A1*28 (n=4) 0.60(0.4-1.0) 0.80(0.4-1.2) 0.2
UGTIAI*6 (n=8) 0.56(0.3-12) 0.78 (0.3-1.2) 0.83
UGT1A1*6*28 (n=1) 1.0 0.9 -

p value? 0.02 0.72

! Comparing the bilirubin levels noted prior to chemotherapy
with the highest value obtained during chemotherapy.

% Comparing serum bilirubin levels of cases with UGT1A1
wild-type with those with the non-wild-type genotype (UGT-
1A1%*28, *6 and *6*28).

during the chemotherapy and UGT1ALl genotypes were
assessed. The results are summarized in table 2. Serum
levels of bilirubin were higher in patients with UGT1ALl
non-wild type genotypes in comparison with those with
the wild type (p = 0.02). Serum bilirubin levels were sig-
nificantly increased after chemotherapy in the UGT1A1
wild-type cases. In UGT1A1 non-wild-type patients, se-
rum bilirubin levels were slightly increased after chemo-
therapy, but the differences were not significant.

Response was assessable in 13 of 17 UGT1Al wild-
type patients, and 10 of 13 patients with UGT1Al non-
wild-type genotype. The patients with UGT1A1l wild
type included 3 (23%) patients with partial responses, 6
(54%) with stable disease and 3 (23%) with progressive
disease. The UGT1AI non-wild-type group comprised
3 (30%) patients with partial responses, 4 (40%) with
stable disease and 3 (30%) with progressive disease. A
complete response was not observed in the present study
cohort. Overall response amounted to 23% in the wild-
type group and to 30% in the non-wild-type group,
with no significant difference between both groups (p =
0.71).

The overall toxicity profiles according to UGT1A1l
genotypes are shown in table 3. There was a marked in-
crease in grade 3/4 toxicities in the UGT1Al non-wild-
type group. Neutropenia (p = 0.04), thrombocytopenia
(p = 0.04) and diarrhea (p = 0.005) were more frequent-
ly observed in the UGT1A1 non-wild-type group. Other
non-hematologic grade 3/4 toxicities including renal
function were not observed. Toxicity-induced discon-
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Table 3. Associations between UGT1A1 genotypes and grade 3-4 toxicities or discontinuation (days 8 and 15)/delay of chemothera-

124
UGT1A1 genotype Leuko- Neutro- Thrombo- Nausea Vomiting Diarrhea  Discontin-  Delay of
penia penia cytopenia uation of the second
irinotecan  cycle
Wild type (n =17) 1 (6%) 4 (24%) 0 (0%) 2 (12%) 5(29%) 0 (0%) 5 (29%) 2 (12%)
Non-wild type (n = 13) 4 (31%) 8 (62%) 3 (23%) 5 (38%) 6 (46%) 5 (38%) 10 (77%) 4(31%)
UGT1A1*28 (n=4) 1(25%) 1(25%) 1(25%) 2 (50%) 3 (75%) 1(25%) 3(75%) 1(25%)
UGT1A1*6 (n=8) 2 (25%) 6 (75%)* 2(25%)*  3(38%) 3 (38%) 4 (50%)* 6 (75%)* 3 (38%)
UGT1A1*28% (n=1) 1 (100%) 1(100%)  0(0%) 0 (0%) 0 (0%) 0 (0%) 1 (100%) 0 (0%)
P value! 0.07 0.04 0.04 0.09 0.35 0.005 0.01 0.19
*p < 0.05, UGT1A1*6 vs. wild type.
! Comparing the frequencies of events in cases with UGT1A1 wild-type and those with UGT1A1 non-wild-type genotypes.

Table 4. Multiple logistic regression analysis of the occurrence of
grade 3/4 neutropenia in all cases and cases with UGT1A1%6 and

wild-type genotype!

Table 5. Multiple logistic regression analysis of the occurrence of
grade 3/4 diarrhea in all cases and cases with UGT1AL* and

wild-type genotype!

Variables Hazard  95% confi- p Variables Hazard  95% confi- p
ratio dence interval  value ratio dence interval  value

All cases All cases

Age 0.23 Age 0.15
<55 years 1 <55 years 1
256 years 0.66 0.11;4.11 256 years 1.05 0.20; 5.12

Previous chemotherapy 0.50 Previous chemotherapy 0.46
<1 regimen 1 <1 regimen
22 regimen 3.43 0.40; 29.33 22 regimen 3.42 0.41; 27.40

Previous pelvic radiotherapy 0.017  Previous pelvic radiotherapy 0.03
No 1 No : 1
Yes 7.80 1.72; 35.37 Yes 6.00 1.58;22.77

UGT1Al genotype 0.007 UGT1A1l genotype 0.002
wild type (n =17) 1 wild type (n=17) 1
Non-wild type (n = 8) 7.85 2.05; 57.40 Non-wild type (n=13)  6.54 1.44; 29.60

Cases with UGT1A1*6 and wild-type genotype Cases with UGT1A1%*6 and wild-type genotype

Age 0.67 Age, years 0.19
<55 years 1 <55 years 1
256 years 0.55 0.04;7.24 256 years 1.21 0.18; 5.56

Previous chemotherapy 0.48  Previous chemotherapy 0.71
<1 regimen <1 regimen
>2 regimen 2.08 0.21;27.02 22 regimen 2.00 0.05; 38.46

Previous pelvic radiotherapy 0.13 Previous pelvic radiotherapy 0.14
No No 1
Yes 3.04 0.89; 24.44 Yes 3.65 0.78; 30.11

UGT1Al genotype 0.03 UGT1ALl genotype 0.001
Wild type (n=17) 1 Wwild type (n=17) 1
UGT1A1*6 (n=8) 10.06 " 1.14; 88.98 UGT1A1% (n = 8) 7.45 1.44;29.78

! Worst toxicities in the initial two courses.

1 Worst toxicities in the initial two courses.
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tinuation of irinotecan administration on days 8 and/
or 15 was significantly higher in the non-wild type
group (p = 0.01). Compared with the wild-type patients,
UGT1A1%*6 patients showed a significantly higher rate
of grade 3/4 neutropenia (p = 0.014), thrombocytopenia
(p = 0.03) and diarrhea (p < 0.001), and irinotecan treat-
ment was more often modified (p = 0.03). There was no
statistically significant relationship between response
and the frequency of grade 3/4 toxicity (data not
shown).

Multiple logistic regression analysis of the occur-
rence of grade 3/4 neutropenia (table 4) or grade 3/4 di-
arrhea (table 5) revealed a significant, independent as-
sociation with the UGT1A1 non-wild type. In addition
to the UGT1Al genotype, previous pelvic radiotherapy
was also identified as an independent factor for neutro-
penia and diarrhea in the analysis of all cases (upper
part of table 4, 5). There was no significant relationship
with the UGT1A1 genotype and other toxicities includ-
ing thrombocytopenia by multivariate analysis (data
not shown).

Further, excluding 4 patients with UGT1A1*28 and 1
with UGT1A1*28%6, using multiple logistic regression,
the incidence of grade 3/4 toxicities was analyzed using
age, previous chemotherapy, previous pelvic radiothera-
py and UGT1A1 genotype (UGT1A1%6 vs. wild type) as
variables. The UGT1A1%6 genotype was identified as an
independent risk factor for grade 3/4 neutropenia (haz-
ard ratio, 6.54; 95% confidence interval, 1.44-29.60) and
grade 3/4 diarrhea (hazard ratio, 7.45; 95% confidence in-
terval, 1.44-29.78; lower part in table 4, 5). Age, previous
chemotherapy and previous pelvic radiotherapy were not
significant risk factors in these analyses.

Discussion

There have been reports of more than hundred poly-
morphisms in the UGT1A1 gene [24]. UGT1A1%*6,a UGT
polymorphism, is one of the single nucleotide polymor-
phisms on the exon 1 coding region of the UGT1A1 gene.
There is marked ethnical difference in the allele frequen-
cies of UGT1A1*28 and UGT1A1%*6 [15, 19]. The allele
frequency of UGT1A1*28 is 30-40% in Caucasians and
approximately 10% in Asians. Conversely, the UGT1A1%*6
allele is observed in ~20% of Asians, but it is rarely de-
tected in Caucasians. It is suggested that UGT1A1*6 is not
negligible in clinical studies using irinotecan-based regi-
mens in Asian patients. In the present study, UGT1A1%6
was noted in 8 cases (27%) and UGT1A1*28 in 4 cases

Effects of UGT1A1*6 on Combination
Therapy with Irinotecan and Cisplatin

(13%), supporting the higher incidence of the UGT1A1*6
polymorphism in Asians.

A previous report described the significant increase in
the basal level of serum total bilirubin in UGT1A1%¥28 or
UGT1A1*6 patients [20]. In our cases, serum total biliru-
bin was significantly higher in non-wild-type patients
compared with wild-type cases, but the levels did not ex-
ceed the upper limit of normal. The present data support
the potential capability of distinguishing patients with
the UGT1A1 non-wild type genotype by their serum total
bilirubin level. The serum total bilirubin level was elevat-
ed in both patient groups during chemotherapy, being in
line with previous observations [10]. However, only in
wild-type patients the difference was significant. The
lack of significance in non-wild type patients might be
due to the small number of cases.

In the present study, response rates to the irinotecan-
cisplatin combination were similar in both UGT1Al
wild-type and non-wild-type patients. A significant cor-
relation between homozygous UGT1A1%6 and lower tu-
mor response to irinotecan-based chemotherapy has al-
ready been reported in Korean patients [19]. Although a
significant correlation between UGT1A1 polymorphisms
and tumor response was not observed in the present
study, further investigations in a larger patient cohort are
needed to evaluate the association between the UGT1A1
genotype and tumor response.

In the present study, previous pelvic radiotherapy was
found to be a significant predictor of grade 3/4 neutrope-
nia or diarrhea in multivariate analysis: 3 cases of cervi-
cal cancer had been treated with whole pelvic irradiation
at a total dose of 50 Gy. Two of the 3 cases included pa-
tients with UGT1Al non-wild type genotypes; a case
with UGT1A1*6 and another with UGT1A1*28. Addi-
tionally, all 3 cases had received previous chemotherapy
consisting of more than two regimens. Grade 3/4 neutro-
penia was observed in all 3 cases, and grade 3/4 diarrhea
occurred in 2 cases with UGT1Al non-wild-type geno-
types. Possibly, previous heavy treatment with radiother-
apy and chemotherapy affected the results in these 3
cases. However, multivariate analysis demonstrated that
previous pelvic radiotherapy was significantly associated
with severe toxicities.

The second significant predictor of severe toxicities in
the present study was the UGT1Al non-wild-type geno-
type. The relationship between the UGT1A1*28 geno-
type and toxicity resulting from irinotecan-based che-
motherapy has already been established. On the other
hand, a previous large retrospective investigation had
failed to find a significant association between UGT1A1%6
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and irinotecan-induced toxicity [9], but recent studies
have described a positive relationship of the UGT1A1*6
genotype and toxicities. Han et al. [19] first reported that
the UGT1A1*6 genotype was related with lower SN-38
glucuronidation and a higher frequency of grade 34 tox-
icities in Korean patients who were treated with the iri-
notecan-cisplatin combination. Sai et al. [20] also docu-
mented that the incidence of grade 3/4 neutropenia was
significantly higher in patients with the UGT1A1*6 geno-
type who were treated with irinotecan-based chemother-
apy. In line with these observations, the present study re-
vealed a significant association of UGT1A1*6 not only
with hematological toxicity but also with life-threatening
diarrhea. The results of our case series were in contrast to
a previous large meta-analysis that found no significant
contribution of UGT1Al genotypes to the toxicity pro-
files in cases treated with low-dose (100-125 mg/m?) iri-
notecan monotherapy [21]. The effects of platinum-con-
taining drugs, irinotecan and/or SN-38 on P-glycopro-
tein expression and function and on human intestinal
and biliary transport may enhance toxicity, exceeding
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Abstract

Objective To investigate the clinical significance of the
expression of the NKG2D ligands MICA/B and ULBP2 in
ovarian cancer.

Methods Eighty-two ovarian cancer patients and six
patients without ovarian cancer from Department of Obstet-
rics and Gynecology of Kyoto University Hospital were
enrolled in this study between 1993 and 2003. Expression
of MICA/B, ULBP2, and CD57 in ovarian cancer tissue
and normal ovary tissue was evaluated by immunohisto-
chemical staining, and the relationship of these results to
relevant clinical patient data was analyzed. Expression of
MICs, ULBP2, and HLA-class I molecules in 33 ovarian
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cancer cell lines and two normal ovarian epithelial cell
lines, as well as levels of soluble MICs and ULBP2 in the
culture supernatants, were measured.

Results Expression of MICA/B and ULBP2 was detected
in 97.6 and 82.9% of ovarian cancer cells, respectively,
whereas neither was expressed on normal ovarian epithe-
lium. The expression of MICA/B in ovarian cancer was
highly correlated with that of ULBP2. Strong expression of
ULBP2 in ovarian cancer cells was cormrelated with less
intraepithelial infiltration of T cells and bad prognoses for
patients, suggesting that ULBP2 expression is a prognostic
indicator in ovarian cancer. The expression of NKG2D
ligands did not correlate with the levels of the soluble forms
of the ligands.

Conclusions High expression of ULBP?2 is an indicator of
poor prognosis in ovarian cancer and may relate to T cell
dysfunction in the tumor microenvironment.

Keywords Ovarian cancer - Tumor immunology -
NKG2D ligand - MICA/B - ULBP2

Introduction

Ovarian cancer is the leading cause of death among malignant
gynecological tumors. Although a combination of surgery and
chemotherapy has significantly improved patient survival, a
majority of patients with advanced disease eventually die due
to recurrence and progression. It is thus necessary to develop
novel therapeutic approaches to treat ovarian cancer.

In the last decade, much research has focused on immu-
nological aspects of malignant tumors. We have reported
that CD8* T lymphocyte infiltration in ovarian cancer is
associated with good prognoses [13]. Natural killer (NK)
cell infiltration has also been reported to correlate with
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good prognoses in some other carcinomas [17, 19, 35]. Nat-
ural killer group 2, member D (NKG2D) is a well-studied
immune receptor expressed on NK cells, CD8* cytotoxic T
cells and p6-T cells [1, 10, 11, 33]. It is a type II transmem-
brane-anchored glycoprotein that is expressed as a disul-
fide-linked homodimer on the cell surface. NKG2D acts as
an activating receptor after ligand binding, supporting the
cytotoxic activity of NK cells and T cells against tumor
cells [1, 4, 10, 20, 22, 25, 26].

Major histocompatibility complex class I-related chains
(MIC) A and B and UL-16 binding proteins (ULBPs) are
the ligands of NKG2D. They are rarely expressed by nor-
mal cells. It has been reported that MICA and MICB are
constitutively expressed by intestinal epithelial cells [9,
10}, and are broadly expressed in a variety of malignancies
[11, 26, 31]. In malignant gliomas, MICA and ULBP2
expressions decreased with increasing WHO grade [7].
MICA expression is reported to be an indicator of good
prognoses in colorectal cancer [37]. Tumor cells stably
transfected to express MICA and the murine versions of the
NKG2D ligands, RAE-1 or H60, at high levels, are rejected
by CD8" T cells and/or NK cells {2, 5, 8, 14}, which indi-
cates that tumor cells overexpressing NKG2D ligands
become more sensitive to immune cell-mediated cytolysis.

MICA/B and ULBP2 can be cleaved by matrix metallo-
proteases and released into the bloodstream or tissue cul-
ture medium as soluble molecules {12, 30, 31, 36]. These
soluble molecules have been correlated with metastasis,
advanced clinical stages of disease, and bad prognoses [15,
16, 28, 34], possibly due to their directly blocking NKG2D
function or down-regulating NKG2D expression in lym-
phocytes. Expression of soluble MICA/B and ULBP2 by
tumor cells may represent an immune evasion mechanism
that leads to the impairment of immunosurveillance by T
and/or NK cells [6, 12, 30, 32].

Despite these findings, there have been a few studies on
NKG2D and its ligands in ovarian cancer. In the present
study, we investigated MICA/B and ULBP2 expressions in
ovarian cancers to evaluate their prognostic significance
and association with other clinicopathological factors. We
evaluated the cell surface expression and the secretion of
soluble forms of these ligands in 33 ovarian cancer cell
lines and 8§ patients in an attempt to investigate the mecha-
nism how NKG2D ligands play a role in ovarian cancer
biology.

Materials and methods
Patients and samples

Clinical specimens were obtained from 82 women who
underwent primary operations for ovarian cancer at the
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Department of Obstetrics and Gynecology of Kyoto Uni-
versity Hospital between 1993 and 2003. General patient
information is shown in Table 1. The mean age of the ovar-
ian cancer patients was 55.3 & 11.4 years (26-80 years),
and at the end of the study, 32 (39.0%) patients had died of
disease and 50 (61.0%) were alive. The mean follow-up
period was 68.4 -+ 39.8 months (1-154 months). Normal
ovarian tissues from six patients who underwent operations
for uterine leiomyoma or ovarian cysts were collected as
controls. We also studied ten borderline (nine mucinous
borderline adenomas and one serous/mucinous borderline
adenoma) and six benign ovarian tumors (five mucinous
adenomas and one serous adenoma). Also the specimens
and corresponding sera of eight ovarian cancer patients
were also collected (general information was shown in
supplementary Table 1). Clinical data were collected by
retrospective review of patient files. Patients provided
written informed consent under the approval of the Ethical
Committee of Kyoto University Hospital.

Immunohistochemistry

Staining was performed by the streptavidin-biotin-peroxi-
dase method. Formalin-fixed, paraffin-embedded speci-
mens were cut into 4 pm sections. Tissue sections were
deparaffinized in xylene (3 x 5 min) and hydrated through
graded ethanol (99, 95 and 85%) to water. For MICA/B and
ULBP2 antigen retrieval, samples were heated in Tris—
EDTA buffer (pH 8.0) at 95°C for 20 min; CD57 staining
did not require antigen retrieval. To block endogenous per-
oxidase activity, sections were treated with 100% methanol
containing 0.3% H,0, for 10 min. Nonspecific IgG binding
was blocked using normal rabbit seram (Nichirei, Tokyo,
Japan). Sections were incubated with mouse anti-MICA/B
monoclonal antibodies (Abs) (6D4, Biolegend, San Diego,
CA, USA), goat anti-ULBP2 Abs (R & D Systems, Inc.
Minneapolis, MN, USA), and mouse anti-CD57 monoclo-
nal Abs (Becton Dickinson, Franklin Lakes, NJ, USA)
overnight at 4°C. They were then incubated with biotinyla-
ted rabbit-anti-mouse secondary Abs (Nechirei) for MICA/
B and CD57 and biotinylated rabbit-anti-goat secondary
Abs (Nechirei) for ULBP2, followed by incubation with a
streptavidin—perioxidase solution for 30 min. Signals were
generated by incubation with 3, 3’-diaminobenzidine.
Finally, sections were counterstained with hematoxylin and
observed under the microscope. CD8 (C8/144B, Nichirei)
staining was performed as described previously [13].

Evaluation of specimens
Two independent gynecological pathologists examined the

immunohistochemistry slides without any prior information
about the clinical history of the patients.

—146—



§
2
i
«
|
|
\

Cancer Immuno] Immunother (2009) 58:641-652

643

Table 1 Expression of MICA/B and ULBP2, and tumor infiltration of NK and T cells according to clinico-pathological parameters (x* test)

Total MICA/B ULBP2 NKca NKstroma Tca Tstroma
Low High P Low High P + - P + - P + - P + - P

Histology 82
Serous 36 17 19 0.172 28 8 0725 23 13 0472 14 22 0462 19 17 0648 20 16 0229
Clear 25 12 13 18 7 12 13 10 15 10 15 12 13
Transition 5 4 1 3 2 3 2 3 2 4 1 4 1
Endometrioid 11 4 7 9 2 8 3 3 8 5 6 3 8
Undifferentiated 3 3 0 3 0 3.0 1 2 2 1 2 1
Mucinous 0 2 1 1 1 1 2 0 1 1 0 2
Age 82
<55 41 19 22 0.825 31 10 1.000 27 14 0497 17 24 1.000 22 19 0659 23 18 0377
>55 41 21 20 31 10 23 18 16 25 19 22 18 23
LN metastasis 81
Negative 61 31 30 0.448 46 15 1000 36 25 0793 24 37 1.000 30 31 1000 28 33 0312
Positive 20 8 12 15 5 13 7 8 12 10 10 12 8
Stage 82
I 29 16 13 0493 20 9 0628 15 14 0551 12 17 0543 18 11 0079 13 16 0300
I S 1 4 4 1 3 2 1 4 0 5 1 4
I 33 15 18 25 8 21 12 12 21 16 17 20 13
v 15 8 7 13 2 11 4 8 7 7 8 7 8

NKca, Intra-epithelial infiltration by NK cells; NKstroma, intra-stromal infiltration by NX cells; Tca, intra-epithelial infiltration by T cells; Tstro-

ma, intra-stromal infiltration by T cells

MICA/B and ULBP2 expressions were evaluated
according to staining intensity and scored as follows: 0,
negative, no staining in cancer cells (same or weaker than
the cancer stroma); 1, weak expression, the staining of the
cancer cells is a little stronger than that of the cancer stroma
in all the area, or much stronger in a limited (less than 20%)
area; 2, strong expression, the staining of the cancer cells
is much stronger than that of the cancer stroma in whole
section. Cases with scores of 0 and 1 were defined as the
low-expression group, and cases with scores of 2 were
defined as the high-expression group.

CDS57 staining was evaluated as follows: tumor-infil-
trating CD57* NK cells were counted in microscopic fields
at 200x magnification (0.0625 mm?) and separated by
their localization as intraepithelial (infiltrating into cancer
nests) or intra-stromal (infiltrating within the cancer
stroma). The ten fields with the most abundant infiltration
were selected, and the average count was calculated. The
degree of NK cell infiltration was classified into four
groups: negative intraepithelial NK infiltration (<10 NK
cells found in ten intraepithelial fields); positive intra-
epithelial NK infiltration (>10 NK cells found in ten intra-
epithelial fields); negative intrastromal NK infiltration
(<20 NK cells found in ten intrastromal fields); positive
intrastromal NK infiltration (>20 NK cells found in ten
intrastromal fields).

CD8 staining was evaluated as previously described; <5
CD8"* cells/field was scored as negative and >5 cells/field
was scored as positive [13].

Cell culture

In total, 33 ovarian cancer cell lines and 2 normal ovarian
surface epithelial cell lines (Supplementary Table 2) were
cultured under the conditions recommended for each
line. Each line was grown in 10 cm tissue culture dishes
with 10 ml medium at 37°C and 5% CO,. After 24 h of
growth, supernatants were collected and frozen at —80°C
for ELISA analysis and cells were harvested for flow
cytometry.

Flow cytometry

Single-cell suspensions from tumor cell lines were ana-
lyzed for ULBP2, MICA/B and HLA-ABC expressions by
staining with PE-conjugated mouse monoclonal anti-
human ULBP2 (R&D), PE-conjugated mouse anti-human
MICA/B (Becton Dickinson), and FITC-conjugated mouse
anti-human HLA-A, B, C (Biolegend) Abs followed by
analysis in a FACSCalibur flow cytometer (Becton Dickin-
son). The expression of the NKG2D ligands were repre-
sented by intensity of MICs and ULBP2 which were
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comparative fluorescence density when compared to iso-
type control (log).

Elisa

Soluble MICA and MICB in culture supernatants and the
sera from eight patients were detected by the human MICA,
MICB DuoSet ELISA development kits (R&D) following
the manufacturer’s instructions. Soluble ULBP2 was
detected as described previously [36]. Two non-overlap-
ping-ULBP2-epitope anti-ULBP2 antibodies were used.
Plates were coated with 2 pg/ml anti-ULBP2 monoclonal
Ab (MABI1298, R&D Systems) in PBS for 1h at 37°C,
then blocked with 300 pl 10% fetal bovine serum (FBS)/
PBS at 4°C overnight and washed. Afterwards, ULBP2-Fc
(1298-UL, R&D Systems) and the samples were added and
plates were incubated for 1h at 37°C. After incubation,
plates were washed and the detection Ab anti-ULBP2
(AF1298, R&D Systems) was added at 0.5 pg/ml in 10%
FBS/PBS for 1 h at 37°C. Plates were washed and anti-goat
IgG (H + L)-HRP (1:20,000 in 0.05% PBST, ZYMED Lab-
oratories, Carlsbad, CA, USA) was added for 1 h at 37°C.
Plates were washed and developed using the Tetramethyl-
benzidine Peroxidase Substrate System (DY994 and
DY999, R&D Systems). Absorbance was measured at
450 nm.

Statistical analyses

x* tests (Fisher’s exact test) were used to compare rate
differences. The Spearman nonparametric correlation test
was used to analyze the relationships between MICA/B and
ULBP2 and tumor-infiltrating CD57* NK and CD8* T cell
counts. Overall and progression-free survival curves were
generated by the Kaplan—Meier method and the difference
between the survival curves was analyzed by a log rank
test. The contribution of variables to survival was tested by
multivariate analyses using the Cox proportional hazard
model. Variables included MICA/B, ULBP2, tumor-infil-
trating CD57* NK cell count, CD8* T cell count and other
variables such as age, stage, histology, and lymph node
involvement. P < 0.05 was considered to be statistically
significant. All statistics were performed with SPSS 10.0
software (SPSS Inc. USA).

Results

MICA/B and ULBP?2 are expressed in most ovarian
cancers, but in fewer borderline or benign ovarian tumors

Among 82 ovarian carcinomas, 80 (97.6%) were positive
for MICA/B. The number of cases for which the expression
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level was scored as 0, 1, and 2 was 2/82 (2.4%), 37/82
(45.1%), and 43/82 (52.4%), respectively (Fig. 1a). Among
ten borderline tumors, 3/10, 3/10, and 4/10 cases scored as
0, 1, and 2, and among six benign tumors, 2/6, 3/6, and 1/6
cases scored 0, 1, and 2.

ULBP2 was expressed in 82.9% (68/82) of cases, and
the expression level was scored as 0, 1, and 2 in 14/82
(17.1%), 48/82 (58.5%), and 20/82 (24.4%) cases, respec-
tively (Fig. Ib). For the ten borderline tumors, 8/10, 2/10,
and 0/10 cases were scored as 0, 1, and 2; none of the
benign tumors expressed ULBP2. None of the six normal
ovarian tissues expressed MICA/B or ULBP2. There was
a significant correlation between MICA/B and ULBP2
expressions, P < 0.05 (Table 2), but there was no correla-
tion between MICA/B or ULBP2 expressions and patient
age, FIGO stage, histological subtype, or lymph node
metastasis (Table 1).

ULBP2 expression correlates with poor prognoses
in ovarian cancer patients

Analysis using a Kaplan—-Meier curve and log rank test
revealed that the overall (75 £ 12 months) and progres-
sion-free (53 £ 11 months) survival of patients with high-
ULBP2 expression was significantly worse than those with
low-ULBP2 expression (112 + 8 months, 107 + 9 months
respectively), P <0.05 (Fig. 2a), whereas there were no
differences in overall and progression-free survival
between patients with high- and low-MICA/B expression
(Fig. 2b).

Tumor infiltration of CD8* T cells, but not of CD57* NK
cells, has prognostic significance in ovarian cancer

Intra-epithelial infiltration of CD57* NK cells was observed
in 50/82 (61.0%) ovarian carcinoma cases, and intra-stro-
mal infiltration of NK cells was found in 33/82 (40.2%)
cases (Fig. I¢c). Intra-epithelial infiltration of CD8* T cells
was observed in 41/82 (50.0%) cases, and intra-stromal
infiltration of CD8* T cells was found in 41/82 (50.0%)
cases. There was no correlation between tumor infiltration
of NK cells and CD8* T cells. Furthermore, there was no
correlation between tumor infiltration of NK cells or CD8*
T cells and patient age, FIGO stage, histological subtype, or
lymph node metastasis (Table 1).

Kaplan—Meier curve and log rank test analyses indicated
that the overall survival of patients positive only for intra-
stromal infiltration of NK cells (but negative for intra-
epithelial infiltration) was significantly lower than those
positive only for intra-epithelial infiltration of NK cells
(P <0.05). In contrast, there was no difference in progres-
sion-free survival between the two groups of the patients
(P > 0.05, Fig. 2¢).
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Fig. 1 Immunohistochemical a
staining of human ovarian
cancer tissues using anti-MIC,
ULBP2, and CD57 antibodies.
a Representative staining pat-
terns of MICs. b Representative
staining patterns of ULBP2.

¢ Representative staining
patterns of CD57* NK cells.
Spleens were used as positive

controls (magnification, x200) Negative
Negahive

Low expression

Negative

Pasitive control

Table 2 Correlations between NKG2D ligands and NK T cells

MICs NKca NKstroma Tca Tstroma

n 82 82 82 82 82
MICs

r* 1 -0.236 -0.149 —-0.190 -0.102
(P¥) (0.033) (0.183) (0.088) (0.364)
ULBP2

r* 0.384 -0.093 0.055 —-0.220 0.014
(P**) (<0.001) (0.406) (0.626) (0.047)  (0.898)

NKca, Intra-epithelial infiltration by NK cells; NKstroma, intra-stro-
mal infiltration by NK celis; Tca, intra-epithelial infiltration by T cells;
Tstroma, intra-stromal infiltration by T cells

* Spearman’s correlation coefficient
** Significance (2-tailed)

The overall and progression-free survival of patients
positive for intra-epithelial infiltration of CD8* T cells was
significantly higher than those negative for intra-epithelial
infiltration of T cells (P < 0.05), in agreement with our pre-
vious results {13].

Low expression

RS

Positive

Negative

ULBP2 expression correlates with less intra-epithelial
infiltration of T cells

High expression of MICA/B in ovarian cancer cases corre-
lated with less intra-epithelial infiltration of NK cells
(P <0.05), and high expression of ULBP2 correlated with
less intra-epithelial infiltration of T cells (P < 0.05). How-
ever, there was no correlation between NKG2D ligand
expression and intra-stromal infiltration of lymphocytes
(P >0.05, Table 2).

ULBP2 expression and intra-epithelial infiltration
of T cells are independent prognostic indicators
in multivariate analysis

In univariate analyses, FIGO stage, lymph node metastasis,
ULBP2 expression, and intra-epithelial infiltration of T
cells were prognostic indicators of both overall and pro-
gression-free survival (Table 3). High expression levels of
ULBP2, FIGO stage, and lymph node metastasis correlated
with poor prognoses (P <0.05), whereas intra-epithelial
infiltration of T cells correlated with good prognoses for
patients (P < 0.05).
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Fig. 2 Overall and progression- a
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In multivariate analyses, histology, FIGO stage, and
ULBP2 expression were independent prognostic indicators
of both overall and progression-free survival, whereas
Iymph node metastasis, intra-epithelial infiltration of T cells,
and intra-stromal infiltration of NK cells were independent
prognostic indicators of overall survival (Table 4). High
expression of ULBP2 was an indicator of poor prognoses,
whereas intra-epithelial infiltration of T cells was an indica-
tor of good prognoses. Intra-stromal infiltration of NK cells
was an indicator of poor prognoses only for overall survival.

Most ovarian cancer cell lines express cell surface
and soluble forms of MICA/B and ULBP2

Among the 33 examined ovarian cancer cell lines, 32
expressed HLA-class I molecules at high levels and only
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progressior+-free survival {monthy}

ovary184 (serous adenocarcinoma) did not express it; 27/
33 (81.8%) lines expressed MICA/B, and every line
expressed ULBP2 (Fig. 3). None of the two normal ovar-
ian surface epithelial cell lines expressed MICA/B,
whereas both of them expressed ULBP2 at low frequen-
cies (13.5 and 15.2% of cells, respectively). There was no
correlation between the expression of MICA/B, ULBP2,
or HLA (P > 0.05).

Soluble MICA was detected in 28/33 (84.8%) ovarian
cancer cell lines (the median level is 8.5 pg/ml and the
range is 0-238.9); soluble MICB was detected in 21/33
(63.6%) lines (32.5 pg/ml, 0-3095.8); soluble ULBP2 was
detected in 18/33 (54.5%) lines (0.2 pg/ml, 0-97.2). No
correlation was found between these results. Neither solu-
ble MICA/B nor soluble ULBP2 was detectable in the
supernatant of the two normal ovarian cell lines.
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Table 3 Univariate analysis

. Variables Overall survival Progression-free survival
of overall and progression-free
survival P Hazardratic  (95% CI) P Hazard ratio  (95% CI)
Histology
Non-clear cell 0387 1 (0.328, 1.539) 0360 1 (0.316,1.519)
Clear cell 0.711 0.693
Age
<55 0311 1 (0.711, 2.918) 0408 1 (0.659,2.793)
>55 1.441 1.356
Lymph node metastasis
Negative <0.001 1 (1.404, 2.858) 0001 1 (1.299,2.737)
Positive 2.003 1.886
Stage
Iand II <0.001 1 (2.718,22.348) <0.001 1 (2.631,
Il and IV 7.794 7.595 21.925)
MICs
Low 0397 1 (0.669, 2.748) 0311 1 (0.702, 3.032)
High 1.356 1.459
ULBP2
Low 0036 1 (1.050, 4.420) 0.007 1 (1.308, 5.673)
High 2.154 2.725
NKca
Negative 0383 1 (0.366, 1.470) 0303 1 (0.335,
Positive 0.734 0.686 1.405)
NKstroma
Negative 0367 1 (0.685, 2.780) 0565 1 (0.600, 2.546)
Positive 1.380 1.236
Tca
NKca, Intra-epithelial Negative 0.002 1 (0.139, 0.655) 0.008 1 (0.159,0.761)
infltration by NK cells; Positive 0.302 0.348
NKstroma, intra-stromal
infiltration by NK cells; Tca, Tstroma
intra-epithelial infiltration by Negative 0614 1 (0.597, 2.398) 0.696 1 (0.563, 2.364)
i]; gg:;:ﬁt{)(ﬂa’cgg&momal Positive 1196 1.154

There was no correlation between the soluble levels and
the cell surface expression of these NKG2D ligands (Fig. 4).

No correlation was found between the levels of soluble
MICA, B and ULBP2 in the sera and their expressions
in the cancer tissue of ovarian cancer patients

Soluble MICA was detected in 4/8 (50%) sera of ovarian
cancer patients, the median level is 1.0 pg/ml (0, 105.5);
soluble MICB was detected in 5/8 (62.5%) sera, median
level is 38.3 pg/ml (0, 83.5); soluble ULBP2 was not
detectable in the sera of the patients.

Among these eight ovarian carcinomas, the number of
cases for which the expression level in cancer tissue was
scored as 0, 1, and 2 was 1 case, 5 cases, and 2 cases,
respectively. The expression level of ULBP2 was scored as
0, 1, and 2 in 1 case, 6 cases, and 1 case, respectively.

There was no correlation between the soluble levels in
sera and the expressions in cancer tissue of these NKG2D
ligands (Fig. 5).

Discussion

Recent studies have highlighted the significance of NKG2D
function in host-mediated tumor immunity. However, the
roles of the NKG2D ligands MICA/B and ULBP2 in the
biology of various malignancies remain poorly understood,
and the clinicopathological significance of these ligands in
ovarian cancer has not yet been reported. Our study is the
first to investigate the expression of MICA/B and ULBP2
in a cohort of ovarian cancer cases and a panel of ovarian
cancer cell lines with well-defined histoldgical back-
grounds. We found that most ovarian cancers express
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Table 4 Multivariate analysis of overall and progression-free survival

Factors n Overall survival Progression-free survival

P Hazard ratio (95%CI) P Hazard ratio (95% CI)
Histology* 82 0.036 3.064 (1.075, 8.733) 0.033 3.154 (1.094, 9.092)
Age® 82 0.819 0.913 (0.420, 1.985) 0.986 0.993 (0.448, 2.200)
Lymph node metastasis 81 0.019 1.722 (1.093, 2.714) 0.059 1.570 (0.982, 2.511)
Stage® 82 0.000 10.700 (3.081, 37.161) 0.000 16.029 (4.331, 59.318)
MICs 82 0.513 0.734 (0.290, 1.856) 0.181 0.490 (0.172, 1.394)
ULBP2 82 0.017 3.342 (1.240, 9.005) 0.000 7.578 (2.653,21.647)
NKca 82 0.274 0.550 (0.188, 1.607) 0.169 0.485 (0.174, 1.358)
NKstroma 82 0.048 2.620 (1.007, 6.818) 0.063 2.525 (0.951, 6.703)
Tca 82 0.026 0.350 (0.138, 0.883) 0.117 0.476 (0.189, 1.203)
Tstroma 82 0.888 1.063 (0.458, 2.468) 0.762 1.144 (0.480, 2.727)

NKca, Intra-epithelial infiltration by NK cells; NKstroma, intra-stromal infiltration by NK cells; Tca, intra-epithelial infiltration by T cells; Tstro-

ma, intra-stromal infiltration by T cells

2 Patients were divided into non-clear cell carcinoma group and clear cell carcinoma group
b patients were divided into younger women (<55 years) group and elder women (=55 years) group
¢ Patients were divided into early stage (stages I and IT) group and late stage (stages III and IV) group

MICA/B and ULBP2. Borderline and benign tumors
expressed them to a lesser extent, but normal ovarian epi-
thelium did not express them. These findings suggest that
the expression of NKG2D ligands only occurs after malig-
nant transformation during ovarian cancer development,
which is consistent with findings for many other malignan-
cies. Hence, these molecules have the potential to be used
as tumor markers for ovarian cancer.

It is well known that the cytotoxic function of NK cells
is directly activated by tumor cells, whereas CD8* T cells
require simultaneous pre-sensitization and HLA stimula-
tion. Inducible-surface expression of NKG2D ligands in
response to stress or malignant transformation is thought to
mark dysfunctional cells for elimination by cytotoxic lym-
phocytes via NKG2D-mediated mechanisms (the “induced-
self” hypothesis) [1, 21, 27]. Indeed, ectopic expression of
NKG2D ligands by tumors induces perforin-dependent
strong NK and cytotoxic T lymphocyte (CTL) responses in
vivo [5, 14]. However, in various human malignancies,
including ovarian cancer, it remains unknown whether ele-
vated NKG2D ligand expression in fact leads to enhanced
tumor immunity and to better prognoses for patients. Para-
doxically, in this study high ULBP2 expression correlated
with poor prognoses for patients with ovarian cancer.
Expression of another NKG2D ligand, MICA/B, did not
correlate with prognoses, suggesting that ULBP2 rather
than MICA/B might influence the clinical course of ovarian
cancer.

One potential mechanism to explain why high expres-
sion of ULBP2 leads to poor prognoses may relate to the
shedding of this ligand. Recent studies have shown that
both MICA/B and ULBP2 on the cell membrane may be
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proteolytically cleaved by metalloproteases to produce sol-
uble molecules {12, 14, 30, 36]. These soluble forms sys-
temically down-regulate the surface expression of NKG2D
receptors, thereby impairing the anti-tumor reactivity of
NK and CD8* T cells [6, 12]. Taking these results into
account, we measured soluble MICA/B and ULBP2 levels
in the supernatants of ovarian cancer cell lines and exam-
ined whether these levels correlate with the expression lev-
els of NKG2D ligands on the same cells. Our resuits show
that ovarian cancer cells indeed secrete various amounts of
soluble NKG2D ligands. However, no correlation was
found between the secreted NKG2D ligand levels as mea-
sured by ELISA and the expression levels of these ligands
on the surface of the cells as detected by flow cytometry.
We also collected paired samples of sera and cancer speci-
men of eight ovarian cancer patients and compared the
expression levels of NKG2D ligands. Again, there was no
correlation between the soluble molecules levels and cancer
tissue expression in vivo (even there was no detectable sol-
uble ULBP2 in sera in accordance with previous report on
gastrointestinal malignancies and healthy donors {36]). A
recently published report showed that soluble MICA levels
in ovarian cancer patients were significantly higher than
that in normal women, but no correlation was found
between elevated levels of soluble MICA and cancer stage
or metastasis [15]. These findings altogether suggest that
secreted soluble NKG2D ligands are not responsible for the
poor prognosis of the ovarian cancer patient.

To evaluate the influence of NKG2D ligand expression
on the immunological microenvironment in ovarian cancer,
we investigated the infiltration of both CD8* T and CD57*
NK cells in the same ovarian cancer tissues. Overexpres-
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sion of ULBP2 correlated with less tumor infiltration by
CD8* T cells, but not with infiltration of CD57* NK cells.
Furthermore, tumor infiltration of CD8* T cells correlated
with patient prognoses, whereas tumor infiltration of
CD57* NK cells did not correlate with the prognosis of
ovarian cancer.

Altogether, these findings suggest that in ovarian cancer,
overexpression of ULBP2 rather than MICA/B might
hinder the infiltration of cytotoxic T lymphocytes and lead
to an unfavorable clinical course by allowing tumor cells to

escape from immune surveillance, and this effect may not
be induced by the soluble types of the NKG2D ligands.
Recently, two mechanisms to explain the link between
NKG2D ligand expression and immune dysfunction have
been proposed. Chronic engagement of NK cells with
NKG2D ligands expressed by tumor cells in vitro and in
vivo might not only impair NKG2D function, but also
might suppress most of the cytotoxic functions of NK cells
{3, 24, 38]. Other reports have shown that MICA/B on tar-
get cells can be transferred to NK cells upon conjugation
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Fig. 4 The relationship
between the ligands expression
on the cell membrane and the
soluble molecules levels in
supernatant of ovarian cancer
cell lines. X-axis represents solu-
ble NKG2D ligands in superna-
tant which was detected by
ELISA. Y-axis represents
expression of NKG2D ligands
detected by flow cytometry,
which is shown as comparative
fluorescence density compared
to isotype control (log). a There
was no correlation between the
soluble MICA and the cell sur-
face expression of MICs.

b There was no correlation
between the soluble MICB

and the cell surface expression
of MICs. ¢ There was no correla-
tion between the soluble MICs
(sum of the soluble MICA and
MICB) and the cell surface
expression of MICs. d There
was no correlation between the
soluble ULBP2 and the cell
surface expression of ULBP2

Fig. 5 The relationship
between the immunohistochemi-
cal expression of MICA/B in the
cancer tissue (x-axis) and the
soluble molecules levels in sera
of ovarian cancer patients
(y-axis). a There was no correla-
tion between the soluble MICA
and the cancer expression of
MICs. b There was no correla-
tion between the soluble MICB
and the cancer expression of
MICs. ¢ There was no correla-
tion between the soluble MICs
(sum of the soluble MICA and
MICB) and the cancer expres-
sion of MIC:s. Intensity of MICs:
O negative expression, / weak
expression and 2 strong expres-
sion in immunochistochemistry
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with NKG2D, and that transferred MICA/B might further
down-regulate NKG2D expression in surrounding NK cells
or result in cytolysis of the affected NK cells by other NK
cells [23, 29]. Similar phenomena have been observed in T
cells [18]. Importantly, these effects were mainly caused by
cell—cell contact, and the soluble forms of the ligands had
little effect [3, 24, 38]. Although direct evidence has not
been provided, mechanisms similar to these might explain
our finding that elevated ULBP2 expression was associated
with less CD8* T cell infiltration and poor prognoses.

In summary, we show here for the first time that most
ovarian cancers express NKG2D ligands, and that strong
expression of ULBP2 correlates with poor prognoses for
patients, possibly due to the functional inhibition of CD8*
T cells. We have previously reported that intratumoral
CD8* T cells are indicators of poor prognoses in ovarian
cancer patients, and the findings described here might
partly explain those results. Further investigation is neces-
sary to determine whether the connection between ULBP2
and NKG2D regulates tumor immunity in ovarian cancer
and whether it is the exact mechanism underlying this con-
nection.
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Objective: The optimal goal of interval debulking surgery (IDS) following neoadjuvant
chemotherapy (NAC) remains undefined. The aim of this study was to determine the optimal
goal of IDS following NAC on the basis of long-term survival by the disease status at the end
of interval look surgery (ILS) or IDS during the treatment in the setting of upfront primary
debulking surgery (PDS).

Methods: From January 1986 through December 2000, we performed treatment in
the setting of upfront PDS in 128 patients with Stage 11I/V epithelial ovarian cancer. Sixty-six
patients with residual disease (RD) at PDS underwent interval surgery (IS) such as ILS or
IDS; 4 patients after two cycles of chemotherapy and 62 after three or more cycles. We inves-
tigated how disease status at the end of |S was associated with overall survival (OS).
Resuits: The 5-year OS rates for no, minimal and gross RD were not available (n=0), 67%
(n=3) and 0% {n= 1) after two cycles, and 47% (n = 42), 0% (n= 18) and 0% (n= 2) after
three or more cycles, respectively. No visible tumors at the end of IS after three or more
cycles of chemotherapy were necessary for 5-year survival.

Conclusions: If the optimal goal of IDS is defined as the surgery that is expected to result
in long-term survival in the NAC setting treatment, our data on the assessment
of peritoneal findings during the upfront PDS setting treatment suggest that only
complete resection with no RD could be the optimal goal of IDS in the NAC setting
treatment.

Key words: ovarian cancer — neoadjuvant therapy — gynecol-surg — chemo-gynecology

INTRODUCTION

low rate is that patients with advanced ovarian cancer are

Primary debulking surgery (PDS) followed by chemotherapy
is a standard treatment for ovarian cancer. For patients with
advanced ovarian cancer, the goal of PDS is optimal cytore-
duction, usually defined as surgery with residual disease
(RD) <1 or <2 cm in diameter. Proportion of patients who
achieved optimal surgery or size of RD is one of the impor-
tant prognostic factors for the patients with advanced ovarian
cancer (1-4). Unfortunately, optimal cytoreduction for
advanced ovarian cancer is achieved in only 30—60% of the
patients at most institutions (5,6). One reason for this

often poor candidates for aggressive surgery because of low
performance status (PS) caused by massive ascites, pleural
effusion and large abdominal tumors. Another reason is that
some patients have unresectable tumors at the time of
primary surgery.

Thus, because of recent advances in chemotherapy, neoad-
juvant chemotherapy (NAC) followed by interval debulking
surgery (IDS) and further chemotherapy has become an
alternative treatment for patients with low PS and those with
apparently unresectable tumors evaluated with computed

© The Author (2009). Published by Oxford University Press. All rights reserved.
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tomography (CT) or laparoscopy. Several retrospective
studies revealed comparable results by the NAC setting treat-
ments with standard treatment (7—9), and a few prospective
Phase I (10) or feasibility study (11,12) revealed promising
results by NAC setting treatment. Taking into account these
favorable outcomes of NAC setting treatment, several pro-
spective clinical trials are now under way to compare this
treatment with the standard treatment for advanced ovarian
cancer, not only in patients with low PS or unrescctable
tumors (13,14). Most previous studies have emphasized that
the greatest advantage of the treatment in the setting of an
NAC is a higher rate of optimal cytoreduction at IDS
(7.9,10). These studies used the same definition of optimal
cytoreduction at IDS as that at PDS. At the time of
PDS, optimal cytoreduction indicates an optimal goal of
surgery that lengthens survival. However, there is limited
information on the survival of patients in relation to the size
of RD after IDS. Thus, the appropriate definition of ‘optimal
cytoreduction’ at the time of IDS in the setting of NAC is
undetermined.

Since 1986, we have performed interval look surgery
(ILS) for patients who have minimal RD (<2 cm in diam-
eter) at PDS or IDS for patients who have gross RD
(>2cm in diameter) at PDS after two to six cycles
(mostly three or four cycles) of chemotherapy. We investi-
gated how peritoneal findings at the end of interval
surgery (IS) are associated with the overall survival (OS)
of patients. These associations should help us to clarify the
optimal goal of IDS in the setting of NAC for advanced
ovarian cancer.

PATIENTS AND METHODS
PATIENTS

From January 1986 through December 2000, we treated 230
patients with epithelial ovarian cancer, including [28
patients with Stage [IT-IV disease, at the Department of
Obstetrics and Gynecology, University of Tokyo Hospital.
According to the International Federation of Gynecology
and Obstetrics (FIGO) staging, disease was classified as
Stage I1IB in 14 patients, Stage IIIC in 89 patients and
Stage IV in 25 patients. Histologic type was serous in 94
patients, clear cell in 18 patients, endometrioid in 6 patients,
mucinous in 5 patients, transitional cell in 2 patients, mixed
epithelial in 2 patients and undifferentiated in 1 patient.
Median age at the time of PDS was 54 years, with a range
of 29—78 years. Median follow-up period after PDS,
excluding patients who died, was 94 months, with a range
of 8—201 months. All but two surviving patients were fol-
lowed up for >5 years.

Our standard surgical treatment for advanced ovarian
cancer at the time of PDS consists of total abdominal hyster-
ectomy, bilateral salpingo-oophorectomy, infracolic or total
omentectomy, and debulking of peritoneal tumor masses
with maximum efforts. Patients with no or minimal RD
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(<2 cm in diameter) also underwent systematic retroperito-
neal lymphadenectomy, except for patients with severe
medical complications, low PS or long operation time.
Retroperitoneal lymphadenectomy included both the pelvic
and aortic lymph nodes.

In principle, our primary management for ovarian cancer
was performed as follows according to the outcome of PDS:
(i) patients with no RD received six cycles of chemotherapy
and underwent no additional surgery, (ii) patients with
minimal RD (<2 cm in diameter) received three or four
cycles of chemotherapy followed by ILS and two to four
cycles of additional chemotherapy, (iii) patients with gross
RD (22 cm in diameter) received two to four cycles of
chemotherapy until a favorable response was obtained
and underwent IDS followed by four to five cycles of
additional chemotherapy.

Cisplatin-based regimens, such as CAP or TC, were used
for post-operative chemotherapy. From 1986 through 1997,
we used the CAP regimen, consisting of 400—600 mg/m>
of cyclophosphamide, 30—40 mg/m? of doxorubicin and
50—75 mg/m® of cisplatin. Thereafter, we used the TC
regimen consisting of paclitaxel (175 mg/m? infused over
3 h) and an area under the curve 6 of carboplatin.

STATISTICAL METHODS

OS was measured from the day of starting primary treatment.
The survival curves were determined with the Kaplan—
Meier product-limit method. Differences in survival were
analyzed with the log-rank test and Cox proportional-hazard
regression model using the SPSS program ver. 11.0 (SPSS
Inc., Chicago, IL, USA).

RESULTS

SugvivaL OF aLL Patients iy RELATION 10 THE Size oF RD
AT PDS

In 128 patients with Stage III or IV ovarian cancer, complete
resection of all visible tumors was achieved in 37 patients
(28.9%), minimal RD remained in 52 patients (40.6%) and
gross RD remained in 39 patients (30.5%). Figure | shows
the OS of all 128 patients with Stage III/IV disease in
relation to the largest size of RD at PDS. Median OSs and
5-year OS rates of the above three groups were 112 months
and 65%, 50 months and 40%, and 22 months and 13%.
The difference in OS among the three groups was statisti-
cally significant (P < 0.0001 with log-rank test). In particu-
lar, the difference in OS between patients with minimal RD
and gross RD was more significant than that between
patients with no RD and minimal RD (P < 0001 vs. P =
0.02). Hazard ratio and 95% confidence interval (CI) for
patients with minimal RD and gross RD against patients
with no RD were 1.92 (1.08—3.42) and 5.43 (2.98-9.89),
respectively. .
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