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Abstract

Objectives—Folate receptor o (FRa) is a folate-binding protein overexpressed on ovarian and
several other epithelial malignancies that can be used as a target for imaging and therapeutic
strategies. The goal of this study is to improve historical data that lack specific information about
FRa expression in rare histological subtypes, primary disease versus metastatic foci, and recurrent
disease.

Methods—FRa expression was analyzed by immunohistochemistry on 186 primary and 27
recurrent ovarian tumors, including 24 pairs of samples obtained from the same individuals at
diagnosis and at secondary debulking surgery. For 20 of the 186 primaries, simultaneous metastatic
foci were also analyzed. FRa staining was analyzed in light of disease morphology, stage, grade,
debulking status, and time from diagnosis to recurrence and death.

Results—FRa expression was apparent in 134 of 186 (72%) primary and 22 of 27 (81.5%) recurrent
ovarian tumors. In 21 of 24 (87.5%) matched specimens, recurrent tumors reflected the FRa status
detected at diagnosis. Metastatic foci were similar to primary tumors in FRa staining. FRa status
was not associated with time to recurrence or overall survival in either univariate or multivariable
analyses.

Conclusion—FRa expression occurs frequently, especially in the common high-grade, high-stage
serous tumors that are most likely to recur. New findings from this study show that FRa expression
is maintained on metastatic foci and recurrent tumors, suggesting that novel folate-targeted therapies
may hold promise for the majority of women with either newly diagnosed or recurrent ovarian cancer.
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Introduction

The folate receptor alpha (FRa) is a glycosylphosphatidyl-inositol-linked protein that is
overexpressed in several epithelial malignancies, including ovarian, renal, lung, and breast
cancers [1]. While the function of FRa in tumors is unclear, in the kidney it serves as a high-
affinity salvage receptor that retrieves folate from the filtrate and returns it via transcytosis to
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the blood [2]; in the brain, it likely concentrates folate in cerebrospinal fluid [3]. Expression
of FRa in normal tissues is restricted to the apical surfaces of polarized epithelial cells [4],
where it is not exposed to the blood stream. Unlike the more ubiquitously expressed reduced
folate carrier and proton-coupled folate transporter that regulate folate homeostasis, FRo allows
internalization of folic acid that has been conjugated to low molecular weight compounds,
proteins, or nanoparticles [5]. This property has implications for targeting of chemotherapeutic
drugs, cytotoxic viruses, or imaging agents to FRa-expressing cells.

FRa is an attractive candidate for targeted biologic therapy of ovarian cancer [6,7]. Itis reported
to be expressed in the majority of non-mucinous epithelial ovarian tumors at levels 10- to 100-
fold higher than its normal expression in the kidney and on lung and breast epithelial cells
[8]. In addition, FRa is a tumor antigen, with 70% of women with ovarian or breast cancer
showing measurable immune responses against this protein [9]. The tumor specificity and high
levels of FRa expression and the potential to boost immunity to tumors with FRa-specific
approaches have generated significant enthusiasm for testing strategies targeting FRa. in
ovarian cancer patients. For example, MORAb-003, a humanized, high-affinity monoclonal
antibody against FRo based on the murine LK26 clone, is currently undergoing phase 1l testing
in ovarian cancer patients after showing cell-mediated cytotoxicity, complement-dependent
killing, and non-immune mediated, FRa-dependent inhibition of growth under folate-limiting
conditions [10]. What is unknown in attempting to apply novel FRa-based therapeutics is the
FRa-expression status of tumors with more rare histologies, the stability of expression of
FRa across the multiple sites of disease typically present at diagnosis in ovarian cancer and
whether FRo expression is lost or maintained with disease recurrence. In addition, although
one investigative team has stated that FRo. overexpression is an indicator of platinum resistance
in ovarian cancer, the study was small and performed in the pre-taxane era [11].

We performed this study to define the extent of FRa expression in ovarian cancers of different
histologies, grades, and stages and to determine whether FRa status was associated with time
to recurrence and overall survival. In addition, we examined multiple metastatic sites from a
subset of patients with advanced disease at diagnosis as well as matched samples from patients
at diagnosis and subsequent recurrence.

Tissues studied

Ovarian cancer specimens from women who had surgery at Mayo Clinic Rochester between
June 15, 1991 and June 15, 2005 were eligible for inclusion in the study. Invasive tumors
encompassing serous, endometrioid, clear cell, mucinous, or mixed morphologies were
selected prior to retrieval of any clinical information. Borderline tumors and non-epithelial
malignancies were excluded. The specimens chosen for the study were similar to all available
patients in this time period in terms of patient age, stage of disease, and grade. There was a
difference between the sample set and all available samples in the distribution of tumor
morphologies. This was caused by oversampling the rare morphologies, which resulted in
~56% of the primary tumors studied (compared to 70% of all eligible epithelial malignancies)
having serous morphology. The demographic characteristics of patients represented in this
study are shown in Table 1. A total of 186 cancers from women with newly diagnosed ovarian
cancer and 27 samples of recurrent disease comprise the main sample. In addition, FRa
expression was analyzed in concomitant primary versus metastatic sites from the initial surgery
in a subset of 20 patients with stage 111C or IV disease from the group of 186 primary samples.
To examine FRa expression on metastatic foci, paraffin-embedded tumors from the following
locations were selected as available: fallopian tube, pelvic sidewall, abdominal wall, omentum,
small and large intestine, appendix, spleen, liver, diaphragm, and various lymph nodes. Finally,
24 patients (again, representing a subset of the 186 primary and 27 recurrent samples) had
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subsequent secondary debulking surgery from which tissue samples were available, allowing
analysis of matched pairs of primary tumors and recurrent disease following chemotherapy.
Patients provided informed consent based on institutional policy at the time of their cancer
diagnosis. This retrospective, minimal risk study was reviewed and approved by the Mayo
Clinic Institutional Review Board.

Collection of histologic and clinical data

Hematoxylin and eosin-stained slides from the initial surgery were reviewed by a gynecologic
pathologist (GLK) to confirm disease morphology and grade. Tumors were graded 1-4,
representing well-differentiated, moderately differentiated, poorly differentiated, or
undifferentiated, respectively. Pathology reports and medical records were reviewed to confirm
disease staging, which was defined using FIGO guidelines [12]. The clinical course of the
disease was followed for each patient using the medical record. Endpoints represent dates of
recurrence, death or dates of last contact.

Sample preparation

Antibody

Samples were examined for FRa expression by assessing triplicate 0.6 mm cores of formalin-
fixed, paraffin-embedded tumors in tissue microarrays (TMAS) or slides made from a full
paraffin block. After a gynecologic pathologist selected appropriate regions of each tumor for
core removal, TMAs were manually constructed as described [13].

Tissues were stained with FBP343, a monoclonal 1gG; antibody derived by immunization with
human FRa purified from the KB nasopharyngeal carcinoma cell line [14]. This clone was
selected by radioimmunoassay for the ability to bind 12°I-labeled folic acid complexed to
purified folate receptor and subsequently characterized using Western blot,
immunohistochemistry, and flow cytometry.

Immunohistochemistry

Five-micron sections were cut and placed on positively charged slides. After rehydration,
tissues were subjected to antigen retrieval and blocking of endogenous peroxidases prior to
staining with 3.6 ug/ml FBP343 or a non-specific isotype matched antibody as a negative
control for 30 min. An additional negative control was liver tissue on each TMA. Positive
controls were ovarian cancer specimens (not included in this study) that had previously been
identified as expressing FRo using a polyclonal antibody [15]. After washing the slides, signals
were detected using the mouse MACH3 system (Biocare Medical, Walnut Creek, CA). Slides
were counterstained with Modified Schmidt's Hematoxylin and permanently mounted.

Image capture and analysis

Slides were archived using digital imaging performed using a Bliss “Virtual Microscopy”
microscope and computer system (Bacus Laboratories, Lombard, IL). The staining intensity
(strong, moderate, weak, or negative) (Fig. 1) and proportion of FRa-positive cells among the
malignant cells were scored independently on the digital images by two observers who were
blinded to all clinical outcome data. For 10 of the 212 samples (4.7%), divergent scores were
obtained. These were reconciled by jointly reviewing the cores in question and coming to a
consensus. The proportion of cells positive for FRa expression was categorized into quartiles:
>75% positive, 51-75% positive, 26-50% positive, and <25% positive. Analysis was
performed on three cores or slides for the majority (56%) of patients; 4-12 samples were
available for 20% and <3 samples for 24% of the patients. Tumor samples were defined as
negative when there was no evidence of FRa staining on any examined sample from a given
individual. If staining was observed, the patient was classified as having a FRa-positive tumor.

Gynecol Oncol. Author manuscript; available in PMC 2009 July 9.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kalli et al.

Page 4

Statistical analysis

Results

Student's t-test for age and Chi-square or Fisher's Exact tests for categorical data were used to
compare demographic parameters in FRa-positive and FRa-negative tumors. Kaplan—Meier
analysis was used to determine whether survival differed between patients with FRa-positive
and FRa-negative tumors or different characteristics at diagnosis such as disease stage, grade,
tumor morphology, or optimal debulking status (defined as no tumor nodule >1 cm remaining).
Univariate and multivariable Cox proportional hazards modeling was used to evaluate whether
individual or multiple factors including FRa status were correlated with time to recurrence or
survival. Statistical tests were two sided using a significance level of 5%.

Patient and tumor characteristics

The median time from diagnosis to date of last contact or death for the 186 patients with newly
diagnosed disease was 43.7 months (range of 0.2 to 178 months), with 122 women in the study
being deceased and 64 alive at last follow-up. 159 patients (85.5%) had optimal debulking
surgery; 26 patients (14%) had unresected tumor larger than 1 cm and 1 patient's debulking
status could not be determined. Chemotherapy was given to 159 patients (85.5%); 18 patients
(14 with stage | disease) received no chemotherapy (9.7%) and treatment for 9 patients (4.8%)
was unknown. Of the 159 patients who received chemotherapy, 74.8% received a platinum
agent in combination with a taxane. The remaining patients, generally those diagnosed before
mid-1994, received cyclophosphamide and a platinum agent. The primary tumors analyzed in
this sample set are representative of the typical clinical presentation of epithelial ovarian cancer
in the distribution of the stage at diagnosis, grade, and patient age [16,17,12] (Tables 1 and 2);
more patients with non-serous tumors were included than would be expected in the population.

Folate receptor expression in primary cancers

Overall, 72% (134 of 186) of patients with newly diagnosed epithelial ovarian cancer had
tumors that were positive for FRa expression (Table 2). Stromal cells were clearly FRa-
negative (Fig. 1). Epithelial cells were uniformly negative in 52 (28%) patients. Of the
positively staining tumors, 123 samples demonstrated moderate or strong FRa expression and
only 11 (8.2%) had uniformly weak staining tumors. Scoring extent of positive cells, 80 patients
(59.7%) had >75% of the cells positive, 36 patients (26.9%) had between 51% and 75% of the
epithelial cells positive, 10 patients (7.5%) had between 26% and 50% of the epithelial cells
positive, and 8 patients (6%) had no more than 25% of the epithelial cells positive. Because of
the low numbers of available tumors with less common morphologies, we compared serous
tumors to all other morphologies combined, a design with 85% power to detect a difference of
20% in the proportion of patients with FRa-positive tumors. Serous tumors were more likely
to be FRa-positive than all other morphologies combined (81.7% versus 59.8% positive,
respectively, p<0.001), with 66.7% of endometrioid (26 of 39) and 63.3% of clear cell (19 of
30) tumors and only two of nine mucinous tumors expressing FRa. Similarly, high-grade
tumors (75.8% positive) were more likely than low-grade tumors (48% positive) to express
FRa (p=0.004). Tumors from patients with advanced stage disease were slightly more likely
to express FRa (p=0.203) (Table 2).

Primary versus simultaneous metastatic foci

In considering FRa as a therapeutic target, we examined its expression on primary tumors and
concomitant metastatic foci. Thus, twenty patients with stage 111C or 1V disease were selected
for additional study. Three to twelve different tumor sites, all obtained at initial surgery, were
scored from each of these patients. In this sample, 18 of the 20 patients had tumors that
expressed FRa (see Table 3 for tumor morphology). FRa staining was evident in 109 of the
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110 sections examined for these 18 patients. Only one of these patients, with a clear cell tumor,
had discrepant results. Specifically, of the three blocks available from her disease, there was

strong staining in two sites, the ovary and the right para-aortic lymph node, but no staining in
a biopsy of malignant material on the right pelvic peritoneum. The other two patients in this

subset of 20 individuals had tumors that were uniformly negative for FRa expression, with 13
of 13 slides showing no evidence of staining.

FR expression in primary versus recurrent disease

To determine whether FRa expression changes after exposure to chemotherapy, we analyzed
matched samples from the 24 patients in the sample set of 186 women who had multiple
surgeries at Mayo Clinic. The median time between surgeries was 23 months (range 6-83
months). Therefore, this subset of patients with recurrent disease included both individuals
with longer disease-free periods, good performance status, and localized disease [18,19] and
those with bowel obstructions or pain requiring palliative procedures. Again, most samples
expressed abundant FRa (Fig. 2), with 18 of 24 (75%) primary and 19 of 24 (79.2%) recurrent
samples being positive. 17 patients (70.8%) had tumors that expressed FRa. throughout the
course of disease (see Table 3 for tumor histology). Four patients (16.7%) had tumors that did
not express FRa at either diagnosis or recurrence. Interestingly, 2 patients who had tumors that
were negative for FRa expression at diagnosis showed strong staining for FRa. at recurrence,
including one patient who had two subsequent debulking surgeries, both of which yielded
tumors that were strongly positive. Only one patient with an initially FRa-positive tumor at
diagnosis lost FRa expression at recurrence.

Patient outcomes

Disease recurrence was experienced by 117 patients (62.9%), while 66 patients (35.5%) remain
free of disease and 3 individuals are lost to follow-up. Univariate analysis showed that advanced
disease stage, serous morphology (compared to all other morphologies combined), high-grade,
and sub-optimal debulking were all associated with a higher risk of disease recurrence. FRa.
status was not associated with time to recurrence as a univariate variable or after adjusting for
disease stage, morphology, grade, and debulking status (Table 4). Similarly, when patients
with fewer than 50% of malignant cells positive for FRa expression were grouped with the
FRa-negative samples in order to assess the effect of the highest levels of FRa expression, no
association could be found between FRa expression and time to recurrence as a univariate
variable or after adjusting as above (data not shown). A similar analysis was performed for
overall survival (Table 4). Again, advanced stage, serous morphology, high-grade, and sub-
optimal debulking were all significantly associated with an increased risk of death as univariate
variables. The improved prognosis conferred by having a tumor of non-serous morphology
appears to be driven by the endometrioid tumors. When assessing only tumor morphology,
serous tumors have significantly worse prognosis than endometrioid tumors [HR 2.23 (95%
Cl1.31, 3.80), p=0.003]. This is consistent with the effect of serous versus endometrioid tumor
morphology on outcome in a study of stage Il patients [20]. However, this is not maintained
after adjusting for stage, grade, FRa expression, and debulking status [HR 1.23 (95% CI 0.70,
2.15), p=0.47]. FRa status did not impact survival as a univariate variable or in multivariable
analyses. Kaplan—Meier plots showed no statistically significant differences based on FRa
status, although there was a modest trend towards earlier recurrence with FRa-positive tumors
that was not reflected in the survival data (Fig. 3).

Discussion

We analyzed FRo expression in a cohort of women with ovarian cancer who were treated at
our institution with rigorous surgical debulking followed by chemotherapy when indicated by
their disease stage and debulking status. We examined the extent of FRa expression in 186
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primary and 27 recurrent ovarian cancers, including matched samples from 24 patients who
had primary and secondary debulking surgeries at our institution. In addition, we examined
primary disease and concomitant metastatic disease in a subset of 20 patients. We show that
134 of 186 (72%) primary tumors and 22 of 27 (81.5%) recurrent tumors were positive for
FRa expression, that synchronous metastatic disease has similar characteristics to the primary
tumor, and that FRa expression is commonly maintained in recurrent disease. These
observations support the use of FRa-targeted strategies in most women with both newly
diagnosed and recurrent ovarian cancer. The data also suggest that immunohistochemical
analysis of FR status at initial biopsy can guide the decision whether to use an FRa-targeted
therapy upon recurrence.

We also analyzed whether FRa expression was associated with outcome. While FRa. staining
was more prevalent in women with aggressive disease (high-grade, serous morphology), we
did not detect an association between FRo, expression and overall survival. This is similar to
the findings of Toffoli et al., who analyzed the survival of 99 ovarian cancer patients who had
been treated with a platinum agent between 1990 and 1995 [11]. Given the common expression
of FRa on aggressive ovarian cancers (i.e. only 20 high-stage, high-grade serous tumors lacked
FRa expression in this study), very large sample sizes will be required to accrue sufficient
numbers of patients with FRa-negative tumors for statistically meaningful comparisons. This
makes analysis of the impact of FRa expression in ovarian cancer rather more difficult than in
breast and uterine cancers; in these diseases, with strong FRa expression in a smaller proportion
of patients, FRa expression is a negative prognostic factor [21,22].

The Toffoli study concluded that high FRa expression was a predictor of cisplatin resistance
in a subset of 58 women with >2 cm residual disease after surgery. Our analysis showed no
interaction of FRa staining and debulking status. Moreover, we saw no relationship between
FRa expression and time to disease recurrence, a commonly accepted surrogate for
responsiveness to initial chemotherapy [12,17,16].

While the function of FRa in cancers is not fully understood, folates are critical metabolites
for nucleotide synthesis and methylation reactions, so it is logical to propose that rapidly
dividing cells may realize a growth advantage when this folate transporter is upregulated.
Several lines of evidence support this idea. Specifically, overexpression of FRa in
osteosarcoma [23] or NIH/3T3 [24] cells allows increased growth in folate-limited medium
and formation of larger NIH/3T3 tumors in vivo [25]. Down-regulating FRa using antisense
strategies decreased the proliferation rate of breast cancer cell lines and increased their
sensitivity to doxorubicin [26], and intracellular anti-FRa antibodies reduced the ability of
ovarian cancer cell lines to proliferate and to grow in soft agar [27]. In human disease, it is
plausible that the tumor microenvironment creates local folate-deficient areas in which FRa-
positive cells could have a growth advantage.

Regardless of the physiological role for FRo in malignant tumors, its tumor-specific
overexpression and ability to internalize folate-conjugates suggest that the majority of women
with epithelial ovarian cancer may benefit from strategies targeting FRa. These strategies
include use of anti-FRa antibodies [10] or folic acid-conjugates to localize drugs [28-30],
imaging compounds [31-33], T cells [34,35], nanoparticles [36], or oncolytic viruses [37] to
FRa-expressing tumors. Besides these efforts, we have recently shown that FRa, may have
potential as a target for immunotherapeutic approaches in ovarian cancer. FRa is a tumor-
associated antigen that induces detectable immune responses in 70% of patients with breast
and ovarian cancer [9]. The presence of endogenous immune reactivity raises the possibility
that the immune response could be further enhanced by vaccines targeting the FRa.
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Other groups have reported using PCR or radioligand binding assays to analyze FRa expression
in ovarian cancer cell lines [38,39] or small numbers of ovarian tumor specimens [40,41,8].
The strengths of our study include the use of a large cohort of 186 patients with newly
diagnosed, previously untreated ovarian cancer. Unlike a previous report addressing the
association of FRa expression and outcome [11], the majority of these patients received optimal
debulking surgery and combination chemotherapy that included a taxane. Another strength is
the extensive follow-up available and complete clinical annotation of these specimens due to
the retrospective nature of the study. We utilized formalin-fixed, paraffin-embedded tissues
archived through the Mayo Clinic Tissue Registry, which has systematically preserved surgical
specimens since the early 1900s. Immunohistochemistry was chosen because it is efficient for
large numbers of samples (especially when tissue microarrays are utilized), allows examination
of malignant epithelial cells without microdissection, and avoids specificity concerns in
radioligand binding assays such as non-malignant cells (for example, activated macrophages
that would also bind radiolabeled folic acid) contributing to the signal. Nevertheless, studies
assessing FRa expression by other methodologies such as direct protein measurement,
including quantitative detection of shed FRa in serum, may have different results. A limitation
to the study is that FRa expression occurs frequently, especially in the common high-grade,
high-stage serous tumors that are most likely to recur. In addition, because the less common
morphologies that ultimately showed less FRa expression were oversampled, this retrospective
study cannot be used to establish the prevalence of FRa+ tumors in ovarian cancer patients; in
other words, our observed proportion of FRa-positive tumors of 72% is likely an underestimate
of true prevalence. Prospective studies of FRa expression and its association with outcome
would be required to confirm these results. Itis clear, however, that the small number of ovarian
cancer patients with tumors that do not express this tumor marker makes it difficult to assess
FRa expression as an independent factor potentially influencing outcome.

In summary, the common expression of FRa on primary and synchronous metastatic disease
as well as on recurrent disease suggests that FRa-based therapeutic strategies may be helpful
for most women with ovarian cancer, whether newly diagnosed with disseminated disease or
experiencing disease recurrence. A number of strategies to take advantage of this observation
are being pursued, with several folate-targeted drugs currently undergoing testing in clinical

trials.
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Fig. 1.

Weak, moderate, and strong FRa expression. Shown are representative cores of ovarian cancer
tissues on TMAs that were scored with weak (A), moderate (B), and strong (C) FRa expression
after immunohistochemistry using FBP343 antibody. Note that the tumor stroma is negative
and malignant epithelial cells are largely positive.
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Fig. 2.

FRa expression in primary and recurrent samples. The frequency of FRa expression in matched
tumor samples from an initial diagnostic surgery and subsequent secondary debulking surgery
for disease recurrence is shown. Examples of four patients representing each of the expression
patterns are shown.
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Fig. 3.

Kaplan—-Meier analyses of recurrence-free and overall survival. Recurrence-free survival (A)
and overall survival (B) in patients with FRa-positive (thick line) and FRa-negative (hatched
line) ovarian tumors.
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Patient and tumor characteristics
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All tumors, n Primary tumors, n Recurrent tumors, n
(%)
Tumor histology
Serous 126 104 (55.9) 22
Endometrioid 41 39 (21.0) 2
Clear cell 32 30 (16.1) 2
Mucinous 9 9 (4.8) 0
Mixed 5 4(2.2) 1
Total: 213 186 27
Grade
1 14 14 (7.5) 0
2 12 11 (5.9) 1
3 110 96 (51.6) 14
4 77 65 (34.9) 12
FIGO stage
Stage | 34 (18.3)
Stage Il 8(4.3)
Stage 111 115 (61.8)
Stage IV 29 (15.6)
Debulking status, n (%)
Optimal 159 (85.5)
Sub-optimal 26 (14.0)
Undocumented 1(0.5)

Follow-up time

Time of follow-up (months), median
(minimum, maximum)

Time to recurrence (years), median
(95% C1 3

Time to death (years), median (95%
N

Recurrence status, n (%)
No recurrence
Recurrence
Unknown

Vital status, n (%)
Alive

Deceased

43.7 (0.2, 178)

2.0 (1.5, 2.6)

45(3.6,6.2)

66 (35.5)
117 (62.9)
3(L.6)

64 (34.4)
122 (65.6)

a § .
Cl: confidence interval.
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Table 2
Distribution of FRo. expression in primary epithelial ovarian tumors (n=186)
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FRa+, n=134 FRa—, n =52 p values

Age, mean (SD) 62.0 (11.8) 61.3 (14.6) 0.546

Tumor histology, n (%) <0.001 2
Serous 85 (81.7) 19 (18.3)
Endometrioid 26 (66.7) 13 (33.3)
Clear cell 19 (63.3) 11 (36.7)
Mucinous 2(22.2) 7(77.8)
Mixed 2 (50.0) 2 (50.0)

FIGO Stage, n (%) 0.203P
Stage I: 34 21 (61.8) 13 (38.2)
Stage II: 8 6 (75.0) 2(25.0)
Stage 111: 115 85 (73.9) 30 (26.1)
Stage 1V: 29 22 (75.9) 7(24.1)

Grade, n (%) 0.004 ¢
1:14 7 (50.0) 7 (50.0)
2:11 5 (45.5) 6 (54.5)
3:96 69 (71.9) 27 (28.1)
4:65 53 (81.5) 12 (18.5)

a . . .
p value reflects the comparison of serous vs all other morphologies combined.
b .
p value reflects the comparison of stages 111 and IV vs stages | and II.

cp value reflects the comparison of grades 3 and 4 vs grades 1 and 2.

Gynecol Oncol. Author manuscript; available in PMC 2009 July 9.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Kalli et al.

Table 3

Tumor morphologies of the samples used in the two subset analyses
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Primary and synchronous metastatic foci

Histology FRa+, n (%) FRa—, n (%)
Serous 12 (60) 0
Endometrioid 1(5) 1(5)
Clear cell 3(15) 0
Mucinous 1(5) 1(5)
Mixed 1(5) 0
Total 18 (90) 2 (10)
Matched primary and recurrent disease
Histology FRa status at diagnosis/recurrence, n (%)

++ —/- +— —I+
Serous 15 (62.5) 3(12.5) 1(4.2) 1(4.2)
Endometrioid 14.2) 0 0 0
Clear cell 1(4.2) 1(4.2) 0 0
Mixed 0 0 0 1(4.2)
Total 17 (70.8) 4(16.7) 1(4.2) 2(8.3)
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Table 4
Effect of patient characteristics on time to disease recurrence and overall survival

Time to recurrence

Univariate Multivariable

Hazard ratio p value Hazard ratio p value

(95% ClI) (95% ClI)
Advanced stage (I11-1V) 6.84 (3.55-13.2) <0.001 4.94 (2.49-9.81) <0.001
High grade (3-4) 4.28 (1.87-9.77) <0.001 2.17 (0.91-5.21) 0.082
Serous morphology 2.63 (1.76-3.93) <0.001 1.48 (0.96-2.28) 0.079
Sub-optimal debulking 2.48 (1.50-4.10) <0.001 1.63 (0.97-2.73) 0.064
FRa+ 1.21(0.79-1.84) 0.38 0.90 (0.58-1.39) 0.63
Time to death

Univariate Multivariable

Hazard ratio p value Hazard ratio p value

(95% ClI) (95% ClI)
Advanced stage (I11-1V) 2.96 (1.79-4.90) <0.001 2.26 (1.31-3.90) 0.003
High grade (3-4) 3.42 (1.59-7.35) 0.002 2.77 (1.24-6.19) 0.013
Serous morphology 1.74 (1.20-2.52) 0.004 1.01 (0.67-1.53) 0.96
Sub-optimal debulking 2.52 (1.56-4.08) <0.001 2.13 (1.29-3.50) 0.003

1duasnue Joyiny vd-HIN
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FRo+

1.02 (0.68-1.52)

0.92

0.86 (0.57-1.31)

0.49
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