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Objectives. The role of endocrine therapy (ET) in high grade serous ovarian carcinoma (HGSOC) is poorly de-
fined due to the lack of phase III data and significant heterogeneity of clinical trials performed. In this study, we
sought to identify predictive factors of endocrine sensitivity in HGSOC.

Methods. HGSOC patients who received at least four weeks of ET for relapsed disease following one line of
chemotherapy at the Edinburgh Cancer Centre were identified. Exclusion criteria were use of endocrine therapy
as maintenance therapy or of unknown duration. Duration of therapy and best CA125 response as per modified
GCIG criteria were recorded. Oestrogen receptor (ER) histoscore, treatment free interval, prior lines of chemo-
therapy, and type of ET were evaluated as predictive factors.

Results. Of 431 patients identified, 269 were eligible (77.0% letrozole, 18.6% tamoxifen, 2.2% megesterol ace-
tate, 2.2% other). Themedian duration of therapy was 126 days (range 28–1427 days). 32.7% remained on ET for
≥180 days and 14.1% for ≥365 days. The CA125 response and clinical benefit rates (response or stable disease)
were 8.1% and 40.1% respectively. ER histoscore N200 (P = 0.0016) and a treatment free interval of ≥180 days
(P b 0.0001) were independent predictive factors upon multivariable analysis.

Conclusions. ET should be considered as a viable strategy to defer subsequent chemotherapy for relapsed
HGSOC. Patients with an ER histoscore N200 and a treatment free interval of ≥180 days are most likely to derive
benefit.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

The majority of patients with advanced stage high grade serous
ovarian carcinoma (HGSOC) will unfortunately relapse despite optimal
cytoreductive surgery and platinumbased chemotherapy. Symptomatic
burgh Centre, MRC Institute of
inburgh, Crewe Road South,

.

relapses are treated with further systemic chemotherapy which can be
effective for some patients. However, with time, the intervals between
each treatment get progressively shorter with reduced efficacy and cu-
mulative toxicity.

Endocrine therapy (ET) in relapsed HGSOC is easy to administer, has
a low toxicity profile and is low cost. There is good pre-clinical evidence
to support the role of oestrogen in regulating the growth of oestrogen
receptor (ER) positive EOC [1,2]. To date, N50 phase II trials of ET in
EOC have been performed with response rates between 10 and 15%
and disease stabilisation rates of 30–40% as described in systematic re-
views and meta-analyses [3,4]. Only one phase III randomised trial of
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tamoxifen against standard chemotherapy in the platinum resistant set-
ting has been performedwhichdid not demonstrate differences in over-
all survival [5]. As such, ET is not considered a standard of care and its
use is inconsistent and variable worldwide.

However, most of these trials were conducted in heavily pre-treated
populations ofmixed ER positive and ER negative patients [3]. In studies
which pre-selected for ER status, different thresholds of ER positivity
and methods of measurements were used [3]. In addition, these trials
did not account for EOC comprising at least five histological subtypes
which are biologically and clinically distinct [6].

The Ovarian Cancer Tissue Consortium Study found HGSOC,
endometrioid and low grade serous ovarian carcinomas (LGSOC) to ex-
press the highest levels of ER (≥50% tumour nuclear staining) of 60%,
60% and 71% respectively [7]. These histologies likely represent the
most endocrine sensitive subtypes with emerging retrospective data
to support this. Gershenson et al. demonstrated the role of ET both as
treatment for relapsed disease [8] and as first line maintenance in
LGSOC [9]. Patients with LGSOC who received first line maintenance
ET had a superior progression free survival of 64.9 months compared
to 26.4 months in those who underwent observation (P b 0.001). An-
other retrospective study by Heinzelmann-Schwarz et al. showed im-
provement in recurrence free survival in patients with HGSOC who
received first line maintenance letrozole versus observation (P =
0.035) [10]. Together, these studies illustrate the importance of
performing histological subtype-specific clinical trials to derive an accu-
rate assessment of endocrine sensitivity.

Two sequential phase II studies (Bowman et al. [11] and Smyth et al.
[12]) identified an endocrine sensitive group of ovarian cancer patients
with mixed histology as those with an ER histoscore ≥150. This
weighted scoring method accounts for percentage(%) tumour cells
stained and stain intensity (0 no staining, 1+weak staining, 2+moder-
ate staining, 3+ strong staining). It derives a score between 0 and 300
using the formula: [1 × (% cells 1+) + 2 × (% cells 2+) + 3 × (% cells
3+)] [13]. On the basis of these data, ET has been routinely used in
our centre in patients with relapsed EOC with an ER histoscore of
≥150. We sought to characterise the endocrine sensitivity of relapsed
HGSOC as well as identify predictive factors in a large retrospective
study.

2. Methods

2.1. Patient identification

We identified patients with a historical diagnosis of grade 2 or 3 se-
rous carcinomas [14] who received at least one line of ET from the Edin-
burgh Ovarian Cancer Database between January 1974 and December
2015. This database contains detailed histopathological and clinical de-
tails of patients entered prospectively as part of routine care. Communi-
cation with the Lothian Research Ethics Committee determined that
retrospective analysis of outcome using the contents of the database
were deemed audit by their definition and formal ethical approval
was therefore not required.

2.2. Inclusion and exclusion criteria

Patients were included if they received at least four weeks of ET as
treatment for relapsed disease as determined by the treating physician,
following at least one line of previous chemotherapy, and with known
duration of therapy. Those who received less than four weeks of ET
were deemed to have had inadequate exposure to determine sensitiv-
ity. Patients who received ET as maintenance therapy were excluded.

2.3. Recorded data

All baseline and treatment demographics had been prospectively
collected through the Edinburgh Ovarian Cancer Database as part of
routine care. All available patient electronic and paper health records
were also reviewed. Treatment characteristics were recorded for the
first ET received. These included: duration of therapy, lines of ET, type
of ET, prior lines of chemotherapy, and ER histoscore as recorded by
the pathologist at diagnosis. The treatment free interval (TFI) was calcu-
lated from the last dose of chemotherapy to the date of ET initiation. The
setting in which the last chemotherapy was received was recorded as
‘platinum sensitive’ or ‘platinum resistant ’. Patients who stopped ET
due to toxicity or who were still on therapy at data cut-off were
censored.

2.4. Treatment efficacy

Most clinicians used CA125 as a marker of response and did not per-
form radiological assessments of patients onET until therewas evidence
of a significant rise in the CA125 or the patient developed symptoms.
Therefore, in this non-trial setting, radiological PFS by RECIST could
not be accurately defined. ET was continued until there was evidence
of symptomatic disease progression warranting further chemotherapy,
or until death from ovarian cancer. In view of this, duration of therapy
was recorded as an objective end-point for this study and surrogate
measure of endocrine sensitivity. The best CA125 response across the
duration of therapy was also recorded. Due to the variable frequency
of CA125measurements, a modified GCIG criteria was adopted [15]. Pa-
tients were evaluable for CA125 response if they had an evaluable
CA125 (N70 U/ml) within four weeks of starting therapy, and at least
three CA125 measures if they received ET for N12 weeks. At least two
CA125 measures were required if ET was received for 12 weeks or less
with the second CA125 within 4 weeks of cessation of ET. Patients
were not evaluable for CA125 response if they only had oneCA125mea-
sure, and if they received ET for 12weeks or lesswith noCA125progres-
sion. The 12 week threshold was adopted as the median time to CA125
response has been shown to be 12 weeks [11]. Patients treated for
b12 weeks with clear CA125 progression were considered evaluable.

Definitions for CA125 complete response (CR), partial response (PR)
and stable disease (SD) were as per GCIG criteria [15]. SD had to be
maintained for at least 12 weeks from the start of therapy. Progressive
disease (PD) was defined as doubling of CA125 from the baseline
value. The CA125 overall response rate (ORR = CR + PR) and clinical
benefit rate 1 (CBR1 = CR + PR + SD) were calculated and recorded.

A study by Hall et al. showed that the change in rate of rise in CA125
can indicate activity of cytostatic agents such as tamoxifen [16]. In view
of this, the characteristics of patients who had CA125 progression by
GCIG criteria, followed by b50% rise of their CA125 for at least
12 weeks were also explored (delayed SD).

2.5. Statistical analysis

Duration of therapy according to ER histoscore, TFI, prior lines of
chemotherapy, best CA125 response and type of ET was evaluated
using the Kaplan-Meier method and Cox regression models for
univariable and multivariable analyses. Comparisons of CA125 ORR
and CBR1 between groupswere assessed using Chi-squared and Fisher's
exact tests as appropriate. Statistical analyses were performed using R
version 3.3.3.

3. Results

431 patients received at least one line of ET. 162 patients were ex-
cluded (Fig. 1). 269 received ET as treatment for relapsed disease. 143
(53.2%)were confirmed asHGSOC through contemporary pathology re-
view conducted through other research studies, and 118 (43.9%) and 8
(3.0%) had a historical diagnosis of grade 3 and grade 2 serous carcino-
mas, respectively. The median age of diagnosis was 65 years (range
28–91 years).
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143 HGSOC (pathology reviewed)
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8 G2 serous
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< 4 weeks: 33 patients

Unknown dura�on: 31 patients

Unknown indica�on: 20 patients

Not for ovarian cancer rx: 10 patients
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431 G2 and G3 serous 
pa�ents
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Fig. 1. Characteristics of patients treatedwith endocrine therapy. Rx= treatment; HGSOC=
high grade serous ovarian carcinoma; G = grade.

Table 1
Characteristics of patients treated with 1st ET.

Indication Treatment for relapse (N = 269)

N (%)

No. of ET lines received
1 209 (77.7)
2 55 (20.4)
3 5 (1.9)

ER histoscore
0–150 50 (18.6)
151–200 55 (20.4)
201–250 69 (25.7)
251–300 51 (19.0)
Unknown 44 (16.3)

Source of ER
Primary tumour 192 (85.3)
Interval debulking or relapse disease 27 (12.0)
Unknown 6 (2.7)

Type of ET
Letrozole 207 (77.0)
Tamoxifen 50 (18.6)
Megesterol acetate 6 (2.2)
NEa 6 (2.2)

Prior lines of chemo
1 156 (58.0)
2 87 (32.3)
3+ 26 (9.7)

Last regime received
Platinum sensitive 229 (85.1)
Platinum resistant 36 (13.4)
Other 4 (1.5)

Legend: Rx = treatment; ER = oestrogen receptor; ET = endocrine therapy; N = num-
ber; chemo = chemotherapy; NA = not applicable.

a Received 2 ET sequentially due to toxicity.
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3.1. First endocrine therapy for relapse

Of 269 patients, 209 (77.7%), 55 (20.4%) and five (1.9%) patients re-
ceived one, two and three lines of ET, respectively. 207 (77.0%), 50
(18.6%) and six (2.2%) patients received letrozole, tamoxifen and
megesterol acetate, respectively. 156 (58.0%) patients received ET
after one prior line of chemotherapy, 87 (32.3%) after two lines, and
26 (9.7%) after three or more lines. 229 (85.1%) and 36 (13.4%) patients
last received chemotherapy in the platinum sensitive and platinum re-
sistant setting, respectively. ER histoscores were available in 225
(83.6%) patients. The range of ER scores is illustrated in Table 1. Thema-
jority of these histoscores (192, 85.3%) were from the primary chemo-
therapy naïve tumour.

3.2. Overall CA125 response rate and duration of therapy

Of 269 patients, 257 (95.5%) stopped ET due to disease progression,
11 (4.1%)were still on ET at the time of analysis, and one (0.4%) stopped
ET due to toxicity. 172 (63.9%) patients were evaluable for CA125 re-
sponse. The median number of CA125s was three (range 2–8) and six
(range 3–44) in those who received 12 weeks or less of ET, and
N12 weeks of ET, respectively. The CA125 response rate was 8.1%
(GCIG CR 2.9%, PR 5.2%) and the CBR was 40.1%. The pattern of CA125
responses for CR and PR are shown in Supplemental Fig. S1A and S1B,
respectively. The overall median duration of therapy was 126 days
(range 28–1427 days).

3.3. Delayed SD patients

16 patients demonstrated delayed stabilisation of their CA125 (Sup-
plemental Fig. S1C). The median time to first CA125 progression was
42 days (21–114 days). The delayed SD group (patients whose CA125
rose then stabilised according to the criteria outlined above) had a sig-
nificantly longer median duration of therapy than those whose disease
progressed on CA125 criteria without subsequent stabilisation
(196 days versus 84 days, P b 0.0001). The median duration of therapy
between the GCIG-defined SD group and delayed SD group were
comparable (P = 0.288) (Fig. 2C). In view of this, a second CBR
(CBR2) which included the delayed SD patients as part of the GCIG-
defined SD cohort was calculated and compared for each variable as
an exploratory analysis.

3.4. ER histoscore

148 patients with known ER histoscores had evaluable CA125 re-
sponses. There was an increasing trend in CA125 response rate of
5.8%, 8.6%, 9.1% and 14.7% in ER0–150, ER151–200, ER201–250 and
ER251–300 groups, respectively. Similarly, there was an increasing
trend of CBR1 with ER. These differences were not significant (Table 3,
Fig. 2B). When the delayed SD patients were accounted for as part of
theGCIG defined SD cohort, the CBR in the ER251–300 groupwas signif-
icantly higher than the ER0–150 group (CBR2 64.7% versus 37.1%; P =
0.04) (Table 3, Fig. 2D).

Themedian duration of therapy was significantly longer at 140 days
and 161 days in the ER201–250 (multivariable: HR 0.62, 95% CI
0.42–0.91, P = 0.016) and ER251–300 groups (multivariable: HR 0.63,
95% CI 0.41–0.96, P = 0.032) when compared to 88.5 days in those
with ER ≤ 150 (Table 2, Fig. 2A). There were no significant differences
in median duration of therapy between the ER151–200 and ER ≤ 150
groups.

3.5. Treatment free interval

Of 269 patients, 259 (96.2%) received chemotherapy as their last
treatment. 8(3.0%) patients received maintenance therapy and 2(0.7%)
patients received secondary debulking as their last treatment and
were thus excluded from this analysis. Of 259 patients, 164 (63.3%)
were evaluable for CA125 responses. Patients who had a TFI
180–365 days and TFI N 365 days had a significantly higher CA125
CBR1 of 50.0% (P = 0.01) and 60.6% (P = 0.002) when compared to
21.0% in thosewith TFI b 90 days (Table 3, Fig. 2F). Therewere no signif-
icant differences between TFI b90 days and 90–179 days.
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Fig. 2.Duration of endocrine therapy and CA125 response rate based on ER histoscore and treatment free interval (TFI). (A)Duration of therapy versus ER histoscore, (B) CA125 response rate
versus ER histoscore, (C) CA125 response versus duration of therapy, (D) CA125 response rate (including SD2 patients as part of CBR) versus ER histoscore. (E) Duration of therapy versus TFI
(F) CA125 response rate versus TFI. CR = complete response; PR = partial response; SD= stable disease; SD2 = delayed SD patients; CBR = clinical benefit rate (CR + PR + SD), PD =
progressive disease.
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The median duration of therapy was significantly longer at 161 days
and 209 days in those with TFI 180–365 days (multivariable: HR 0.32,
95% CI 0.21–0.48, P b 0.0001) and TFI N 365 days (multivariable: HR
0.28, 95% CI 0.17–0.45, P b 0.0001) compared to 84 days in those with
TFI b 90 days (Table 2, Fig. 2E). There were no significant differences in
duration of therapy between those with TFI b 90 days and 90–179 days.



Table 2
Predictive factors of duration of endocrine therapy: univariate and multivariable analysis (n = 269).

N % Median DOT
days

Univariable Multivariable

HR 95% CI P HR 95% CI P

ER
≤150 50 18.6 88.5 ref ref ref ref ref ref
151–200 55 20.4 126 0.7 0.47–1.03 0.071 0.76 0.50–1.16 0.201
201–250 69 25.7 140 0.59 0.4–0.86 0.006 0.62 0.42–0.91 0.016
251–300 51 19.0 161 0.57 0.38–0.84 0.005 0.63 0.41–0.96 0.032
UK 44 16.4

TFI/days
b90 63 23.4 84 ref ref ref ref ref ref
90–179 66 24.5 93.5 0.87 0.61–1.24 0.436 0.79 0.52–1.22 0.292
180–365 82 30.5 161 0.35 0.24–0.50 b0.0001 0.32 0.21–0.48 b0.0001
N365 48 17.9 209 0.34 0.23–0.51 b0.0001 0.28 0.17–0.45 b0.0001
NE 10 3.7

Therapy
Letrozole 207 77.0 126 0.64 0.47–0.88 0.006 0.8 0.54–1.18 0.255
Megace 6 2.2 317 0.45 0.19–1.06 0.068 0.17 0.17–1.99 0.391
Tamoxifen 50 18.6 98 ref ref ref ref ref ref
NEa 6 2.2

Prior lines of chemotherapy
1 156 58.0 142 0.46 0.30–0.70 b0.001 0.89 0.52–1.53 0.670
2 87 32.3 111 0.61 0.39–0.95 0.030 0.79 0.46–1.37 0.406
3+ 26 9.7 88.5 ref ref ref ref ref ref

Legend: N= numbers; DOT = duration of therapy; CI = confidence intervals; HR= hazard ratio; ER= oestrogen receptor; TFI = treatment free interval; ref. = reference value; NE =
non evaluable; Megace = megesterol acetate.

a Patients received 2 ET sequentially due toxicity.
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3.6. Prior lines of chemotherapy

There was no significant difference in CA125 ORR, CBR1 or CBR2 be-
tween patients treated with different numbers of prior chemotherapy
lines (Table 3). Themedian duration of therapy was significantly longer
at 142 days and 111 days in those who received ET after one
(univariable: HR 0.46, 95% CI 0.30–0.70, P b 0.001) and two
(univariable: HR 0.61, 95% CI 0.39–0.95, P = 0.03) lines of chemother-
apy compared to 88.5 days after 3 lines or more (Table 2, Supplemental
Table 3
Predictive factors of CA125 response (n = 172).

N CR PR SD 2nd

N (%) N (%) N (%) SD

ER
≤150 35 1(2.9) 1(2.9) 10(28.6) 1(2.9
151–200 35 1(2.9) 2(5.7) 11(31.4) 2(5.7
201–250 44 1(2.3) 3(6.8) 17(38.6) 4(9.1
251–300 34 2(5.9) 3(8.8) 11(32.4) 6(17
UK 27

TFI/days
b90 38 0 1(2.6) 7(18.4) 5(13
90–179 46 0 2(4.3) 11(23.9) 3(6.5
180–365 52 2(3.8) 4(7.7) 20(38.5) 6(11
N365 28 2(7.1) 2(7.1) 13(46.4) 2(7.1
NE 11

Therapy
Letrozole 128 4(3.1) 6(4.7) 43(33.6) 12(9
Megace 4 0 0 2(50.0) 1(25
Tamoxifen 36 1(2.8) 3(8.3) 8(22.2) 3(8.3
NEf 4

Prior lines of chemotherapy
1 97 4(4.1) 5(5.2) 29(30.0) 11(1
2 57 0 3(5.3) 22(38.6) 4(7.0
3+ 18 1(5.6) 1(5.6) 4(22.2) 1(5.6

Legend: N = numbers; CR = complete response; PR = partial response; SD = stable disease;
clinical benefit rate 2 (CR + PR + SD+ 2nd SD); ER = oestrogen receptor; TFI = treatment f

a Clinical benefit rate calculated using GCIG criteria.
b Clinical benefit rate with delayed SD patients included in the SD cohort.
c In relation to ORR.
d In relation to CBR1.
e In relation to CBR2.
f Received 2 ET sequentially due to toxicity.
Fig. S2). However, these differences were not significant uponmultivar-
iable analyses (P = 0.67 and P = 0.406, respectively).

3.7. Type of ET

There was no significant difference in CA125 ORR, CBR1 or CBR2 be-
tween those treated with letrozole and tamoxifen (Table 3). Compared
to tamoxifen, patients who received letrozole had a significantly longer
median duration of therapy (126 versus 98 days, univariable: HR =
ORR Pc CBR1a Pd CBR2b Pe

N (%) N (%)

) 2(5.7) ref 12(34.4) ref 13(37.1) ref
) 3(8.6) 1.00 14(40.0) 0.805 16(45.7) 0.627
) 4(9.1) 0.688 21(47.7) 0.330 35(79.5) 0.131
.6) 5(14.7) 0.260 16(47.1) 0.404 22(64.7) 0.040

.2) 1(2.6) ref 8(21.0) ref 13(34.2) ref
) 2(4.3) 1.00 13(28.2) 0.613 16(34.7) 1
.5) 6(11.5) 0.231 26(50.0) 0.010 32(61.5) 0.019
) 4(14.2) 0.154 27(60.6) 0.002 19(67.7) 0.014

.4) 10(7.8) 0.510 53(41.4) 0.495 65(50.8) 0.437

.0) 0 1.00 2(50.0) 0.602 3(75.0) 0.310
) 4(11.1) ref 12(33.3) ref 15(41.6) ref

1.3) 9(9.3) 0.682 38(39.2) 0.838 49(50.5) 0.516
) 3(5.3) 0.588 25(43.9) 0.606 29(50.9) 0.537
) 2(11.1) ref 6(33.3) ref 7(39.0) ref

ORR = objective response rate; CBR1 = clinical benefit rate 1 (CR + PR + SD); CBR2 =
ree interval; Megace = megesterol acetate.
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0.64, 95% CI 0.47–0.88, P=0.006), but the differencewas not significant
uponmultivariable analysis (P=0.255) (Table 2, Supplemental Fig. S3).
The number of patients who received megesterol acetate was too small
for meaningful analysis.

3.8. Characteristics of patients deriving greatest benefit from ET

88 (32.7%) patients remained on ET for ≥180days, and 38 (14.1%) for
≥365 days. Of the 38 patients, 29 (76.3%) received ET after one line of
chemotherapy and median TFI was 286 days (range 42–4256 days).
34 patients had known ER histoscores, all of which were N 200 (25,
73.5% 201–250, 9, 26.5% N250). 33 (86.8%) patients were treated with
letrozole. 28 patients were evaluable for CA125 response, of which 9
(32.1%) achieved CA125 response (4 GCIG CR, 5 PR) and 16 (57.1%)
achieved SD. The remaining 3 patients demonstrated delayed SD.

The median duration of therapy in the 14 patients who achieved CR
or PR was significantly longer at 878 days (range 180–3981 days) com-
pared to 241 days in the 49 patients who achieved GCIG defined SD (HR
= 0.30 [0.15–0.60] P b 0.001) (Fig. 2C).

4. Discussion

The main strengths of this study is in its large size with known ER
status in N80% of the cohort. This provided sufficient power to perform
comprehensive multivariable analysis in order to identify independent
predictors of endocrine sensitivity. Patient and treatment demographics
were also all recorded prospectively on the Edinburgh Ovarian Cancer
Database thus minimising information bias.

The main weaknesses were the lack of radiology response data and
the use of surrogates in the form of CA125 responses and duration of
therapy, thus limiting the interpretation of some of our results. As this
study was not conducted within a trial setting, the CA125 time points
were also heterogeneouswhichmay have underestimated the response
or stabilisation rates to ET. Whilst all physicians started ET as treatment
for relapse, the timing of treatment initiation and cessation is likely to
have been inconsistent. Most ER histoscores were also recorded at the
time of diagnosis by different pathologists which may have introduced
interobserver variation.

Although this study took place over approximately 25 years, more
than half the samples were confirmed as HGSOC following contempo-
rary pathology review. The remaining patients were almost ubiqui-
tously diagnosed as grade 3 serous EOC which has shown to be largely
concordant with HGSOC [14], with b3% of the analysis cohort compris-
ing grade 2 serous EOC. This provides confidence that this cohort was
largely homogenous. To our knowledge, this is the biggest study per-
formed that has attempted to quantify the efficacy of ET in relapsed
HGSOC.

Most prospective and retrospective studies performed to date have
been performed in mixed histological subtypes [11,17,18]. There is
clear evidence that each EOC subtype is a discrete disease with unique
molecular profiles, treatment responses and patient outcomes [19]. Re-
cent retrospective studies have suggested a particular role for ET in the
management of low grade serous ovarian cancer [8,9]. As such, re-
sponses to ET in low grade serous ovarian cancer may have contributed
to signals of efficacy in previous studies of mixed histological types and
the exact sensitivity in HGSOC was unclear.

Our study illustrates that the degree of ER expression is proportional
to endocrine sensitivity in HGSOC. Duration of therapy increases signif-
icantly in those with ER251–300 compared to thosewith ER0–150with
an increasing trend in the proportion of patients demonstrating a re-
sponse or stabilisation of their CA125 with increasing ER histoscores.
Our study also identified a third of patients who remained on ET for
N6 months, and nearly 15% for more than a year. Interestingly, we
found that those who sustained a complete or partial CA125 response
remained on endocrine therapy for much longer than those who
achieved CA125 stabilisation. Although these results are expected, it
argues against indolent tumour biology as being solely responsible for
these apparent long responders to ET.

We also describe a small group of patients who had PD according to
GCIG criteria, but who subsequently demonstrated slowing in the rate
of rise in CA125. This delayed SD group behaved very similarly to the
GCIG defined SD group, likely representing a cytostatic effect of ET in
line with the study by Hall et al. [16]. Whilst acknowledging the explor-
atory nature of this observation, it may suggest that CA125 stabilisation
from ET can be delayed and that stopping therapy as soon as it doubles
may deprive some patients of potential benefit. It also generates the hy-
pothesis that using response as ameasure of ET efficacy is less represen-
tative than that of disease stabilisation.

Whenwe accounted for the delayed SDgroup as part of the GCIGde-
fined SD group, the CA125 CBR in the ER 251–300 group was signifi-
cantly higher than those with ER 0–150. In this study, the differences
in both duration of therapy and CA125 CBR only become apparent in
those with ER N 200, although a gradient of response is likely to exist
with increasing levels of ER.

These findings are largely concordant with the results of previous
studies conducted in patients whowere unselected according to histol-
ogy. Bowman et al. was an open label phase II study of letrozole in 60
patients with relapsed EOC who were unselected for ER [11]. 72% had
serous histology (grade unspecified). The overall CA125 ORR was 8%
and CBR was 32%. ER and PR expression levels were retrospectively
analysed and patients with ER histoscore ≥150 and PR histoscore ≥70
were found to have a 64% disease stabilisation rate compared to 3% in
those with ER histoscore b150 [11]. This prompted the study by
Smyth et al. which only included patients with an ER histoscore ≥150
[12]. 52% of patients in this study had serous histology. The CA125
ORR doubled to 17% with a corresponding increase in CBR of 43%.
When restricted to patients with an ER 250–300, the CA125 response
rate once again doubled to 33%. Notably, the radiological objective re-
sponse rate increased from 0% to 16% and disease stabilisation rate
from 16% to 42% in this trial by Smyth et al. as compared to that in Bow-
man et al.

A more recent phase II umbrella study evaluated anastrazole in ER
positive and/or PR positive (N10% nuclear staining) platinum resistant
or refractory ovarian cancer [18]. The majority of patients in this study
had HGSOC though the exact proportion was unspecified. It found that
patientswith an ER histoscore of 200–300 had a longermedian progres-
sion free survival compared to those with histoscores b200. Although
the difference was not statistically significant due to the small numbers
of patients analysed, thesefindings are in linewith those presented here
from our centre.

The data presented here are particularly pertinent as not all studies
have concurred with the association between degree of ER expression
and endocrine responsiveness in ovarian cancer [17,18,20,21]. It has
also highlighted the use of the ER histoscore (range 0–300), a weighted
score which accounts for percentage tumour cells stained and stain in-
tensity, as an important method of determining ER positivity. The ma-
jority of aromatase inhibitor trials used a minimum threshold of N1%
nuclear staining in order to confirm ER positivity. It is possible that the
greater granularity provided by the histoscore at high levels of ER is re-
quired to discriminate patients who are most likely to benefit from ET.

A few studies have attempted to establish the relationship between
platinum sensitivity and endocrine sensitivity however no significant
correlation has been demonstrated [4,8,17]. A meta-analysis of over
fifty trials of ET found a lower CBR in those with platinum resistant dis-
ease compared to platinum sensitive disease although the result of was
not significant [4].

In our study, the platinum sensitivity of tumours at the time of ET
initiation was unable to be determined. However, we found that endo-
crine sensitivity increased with longer treatment free intervals prior to
ET initiation. The differences in duration of ET and CA125 CBR only be-
came apparent in those with a TFI ≥ 180 days when compared to TFI
b 90 days, a time frame which mirror the definitions used when
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describing platinum sensitivity. Furthermore, the majority of patients
received chemotherapy for platinum sensitive disease before
embarking on ET for their subsequent relapse.

Although line of therapy was not an independent predictor in our
study, the close association described between line of therapy and
TFI in the literature [22] may suggest that patients with HGSOC are
most likely to benefit from early introduction of ET for relapsed dis-
ease (i.e. when patients are more likely to have the longest TFI). This
is supported by several studies of ET in patients with mixed histology
[4,23,24]. Notably, an analysis of several tamoxifen trials compared
those which had N50% of patients receiving only one prior line of treat-
ment to those with heavily pre-treated patients. The ORR in the less-
treated group was 25.8% compared to 4.1% in the heavily-treated
group [24].

There is minimal data to demonstrate superiority of aromatase
inhibitors over anti-oestrogens in ovarian cancer [17]. Although
our study found no differences between letrozole and tamoxifen
upon multivariable analysis, the majority of long term responders
(≥365 days) in our study received letrozole contributing to the
growing pool of evidence supporting letrozole as a good choice of
ET in this disease. This is in keeping with the superiority of letrozole
over tamoxifen demonstrated in post-menopausal women with ER
positive breast cancer, in both the adjuvant and metastatic settings
[25,26].

5. Conclusion

Our data provide evidence that ET has a role to play in the manage-
ment of ER positive relapsed HGSOC and quantifies the extent of benefit
in this type of ovarian cancer. It supports the use of ET as a means of
delaying subsequent chemotherapy. Patients with an ER histoscore
N200 and a treatment free interval of 180 days or more are likely to de-
rive the greatest benefit.
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