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Simple Summary: Low-Grade Serous Ovarian cancer (LGSOC) is considered less sensitive to tradi-
tional chemotherapy than its high-grade counterpart. Guidelines are still inconsistent around the
use and value of cytotoxic and antihormonal agents in the adjuvant setting. Traditional cytotoxic
or antihormonal systemic treatment option is not associated with a significant OS or PFS benefit in
this Meta-analysis.

Abstract: Objective: We performed a systematic literature review and a subsequent meta-analysis to
compare traditional treatment options, i.e., antihormonal and cytotoxic, in LGSOC. Methods: We
conducted a systematic literature review in MEDBASE and MEDLINE between September 2000 and
June 2021 for women who received cytotoxic chemotherapy and/or antihormonal treatment after
primary cytoreduction due to stage II-IV LGSOC and also at relapse. PFS and OS were calculated
depending on the type of their adjuvant treatment. For each endpoint in the meta-analysis, pooled
HR was calculated using the random effect model with the inverse variance weighted method. Only
primary patients were included in the subsequent meta-analysis due to the small number of studies
in the relapsed setting. Results: Five eligible first-line studies were included. Systemic chemother-
apy failed to provide a significant OS benefit when compared to no systemic treatment (pooled
HR = 1.01, 95% CI [0.79, 1.29]) after successful cytoreduction. Moreover, systemic chemotherapy
followed by antihormonal treatment also did not result to a significant PFS or OS benefit when com-
pared to systemic chemotherapy alone (for PSF: pooled HR = 0.59, 95% CI [0.33, 1.04]; for OS: pooled
HR = 0.83, 95% CI [0.50, 1.39]). There were insufficient data from studies in the recurrent setting to
allow their inclusion in the meta-analysis. Conclusions: In this meta-analysis, we failed to identify a
traditional cytotoxic or antihormonal systemic treatment option that was associated with a significant
OS or PFS benefit when administered following successful cytoreduction for advanced LGSOC.
Prospective randomized studies are urgently warranted to define optimal adjuvant options in this
challenging disease.
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1. Introduction

Low-Grade Serous Ovarian Cancer (LGSOC) is a rare histological subtype of epithelial
ovarian cancer. Approximately 90% of serous carcinomas are high-grade, and only 10%
will be low-grade. For example, there are only around 560 cases of low-grade serous
carcinomas diagnosed in the UK each year. Ref. [1] LGSOC is a distinct pathological and
clinical entity and appears to exist on a continuum with their likely precursor lesions, the
serous borderline tumors. It is characterized by a more indolent biological behavior and
lower sensitivity to traditional chemotherapy (response rates of approximately 5%) when
compared to high-grade serous ovarian cancer (HGSOC) [2].

Maximal effort cytoreductive surgery aimed at reduction of tumor load is the corner-
stone of treatment for women with LGSOC. Attributed to its decreased chemosensitivity,
debulking even to a residual disease less than 1 cm has been demonstrated to also be
beneficial in those patients where total macroscopic clearance cannot be obtained [3]. For
that reason, the value of neoadjuvant chemotherapy in LGSOC is not as well defined as
in HGSOC [4].

Despite its indolent behavior, 70% of women with advanced stage LGSOC will ex-
perience a disease recurrence [5,6]. For that reason, NCCN [7] and ESMO [8] guidelines
endorse therapeutic options that include systemic carboplatin and paclitaxel, either alone
or with endocrine agents as maintenance in stage II-IV disease. Endocrine therapy alone,
most commonly with an aromatase inhibitor, has also been considered. Currently, national
guidelines and standards of practice vary broadly and personal preferences and views of
the individual treating teams, often shape patients’ journeys without adequate evidence.
Novel agents, such as MEK inhibitors, have shown significant promise, but funding and
availability /licensing issues provide a significant obstacle to their wide incorporation into
routine clinical care [2].

In the present work, we performed a literature review and, subsequently, a meta-
analysis to evaluate the efficacy of traditional (i.e., cytotoxic and antihormonal) postopera-
tive treatment options in patients with LGSOC.

2. Materials and Methods
2.1. Data Sources and Study Selection

A comprehensive, systematic computer literature search on PubMed was performed
using the following Medical Subject Headings (MeSH) terms: “low grade serous ovarian
cancer” AND/OR “adjuvant treatment” AND/OR “recurrent” AND/OR “chemotherapy”
AND/OR “hormonal therapy”.

Separate searches were performed with MeSH terms on MEDLINE and EMBASE to
extract all relevant literature available.

2.2. Study Selection

Inclusion criteria were studies published in English between September 2000 and June
2021. All types of meta-analyses, prospective, retrospective, and systematic reviews were
eligible for inclusion in the current review and all retrieved studies were evaluated for
eligibility by two authors (R.M. and E.M.)

The population of this study includes patients with histologically confirmed stage
II-IV LGSOC who have undergone primary cytoreduction. We included studies that
reported data about traditional adjuvant treatment approaches: cytotoxic chemotherapy,
antihormonal agents, or a combination of both. Options of antihormonal agents included:
aromatase inhibitors, tamoxifen, and LH-HR analogues.

2.3. We Excluded Studies That

e Did not report specific information about type of adjuvant treatment;
e Did not include survival data;
e Included patients who did receive neoadjuvant treatment;
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e Included other new targeted therapies: Poly-ADP ribose polymerase (PARP) inhibitors,
MEK inhibitors, and antiangiogenics;
Included patients who received intraperitoneal chemotherapy;
Grey Literature was not considered—case reports, letters, and comments were excluded.

Our Systematic review was submitted to the PROSPERO register and published in the
database with the registration number: CRD42021277026.

2.4. Statistical Analysis

Age and follow-up time were expressed in mean or median depending on the study.

Survival was expressed as median time to recurrence, % patients, PFS or OSin 2, 3 or
5 years and HR for PFS and/or OS. This heterogeneity to describe survival made the data
difficult to analyze.

Descriptive statistics were used to describe the treatments employed for the qualitative
analysis, with median PFS and OS measurements reported individually along with their
respective 95% CI.

After study selection and application of the exclusion criteria, we stratified studies in-
cluded in the meta-analysis to systemic chemotherapy versus no treatment and to hormonal
treatment after systemic chemotherapy versus systemic chemotherapy only. We could
not identify any relevant literature evaluating antihormonal treatment alone versus no
systemic treatment, nor any literature about chemotherapy versus antihormonal treatment.
We used the R software version 3.6 with the metafor and the meta packages. For all the
studies, we reported hazard ratios (HR) and we pooled the HR for OS and PFS using the
inverse variance method (the weight given to each study being the inverse of the variance)
and the random effects model to account for heterogeneity. We used the Sidik-Johnkman
estimator for tau and Chi-squared and Cochrane Q-tests to quantify heterogeneity across
studies by computing the I? for each endpoint. All 95% Cls were two-sided.

2.5. Quality Assessment of Studies

The methodological quality of cohort studies was evaluated using the “Quality As-
sessment Tools of the National Heart, Lung, and Blood Institute” (NHLBI) [9].

3. Results
3.1. Evidence Acquisition

Searching in the Literature with MeSH terms we found 1690 articles. After the exclu-
sion of Grey Literature, i.e., case reports, letters, and comments, and non-English paper,
205 records were selected. After reading the abstracts, 108 were excluded as per the afore-
mentioned exclusion criteria. We assessed 97 full articles for eligibility and identified only
12 studies eligible for inclusion in the qualitative analysis (Figure 1). The other 85 articles
did not provide survival data of the therapeutic strategy target of our study.
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Figure 1. PRISMA Flow Diagram.

3.2. Study Characteristics

In the 12 studies eligible for inclusion, 9 concerned patients in the first line setting
(Primary treatment) and 3 concerned patients with recurrent disease.

Except one phase II trial [10] all other studies were of retrospective nature. Two of the
studies had a prospective part in addition to the retrospective analysis [11,12].

The baseline characteristics of the 12 included studies are shown in Table 1 (Primary
treatment) and Table 2 (Recurrence).
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Table 1. Summary of the baseline characteristics of the nine included studies for the first-line setting

(primary treatment).

Study . . Follow-up  Patients . Age .
(Year) Design Setting Arms (Months) ) Population (Years) Histology
adjuvant chemo . .
May . . . Median Stage I-1IV Median
(2017) [13] Retrospective multicenter ~ vs no adjuvant 58.8 439 with PCRS 54 LGSOC
chemo
National adjuvant chemo . Stage
(ZC(;J({;I)(I[?A;] Retrospective ~ Cancer vs no adjuvant M;;i 19an 280 MIc-IV I\;I§a6n LGSOC
Database chemo ' with PCRS '
Sinele adjuvant chemo
Schlumbrecht Cangcer + hormonal Median Newly Mean
Retrospective therapy vs 194 diagnosed LGSOC
(2011) [15] Center adjuvant chemo 60.9 PCRS 449
(MDACC) only
Single adjuvant chemo
Gershenson Retroi}c)lectwe Cancer f&}: orrmorz,al Median 203 Stage II-IV. Median LGSOC
(2017) [11] ane Center crerapy vs 70.8 with PCRS 475 LGSPC
prospective (MDACC) adjuvant chemo
only
Single adjuvant chemo
Gershenson Retr;)rs‘gectwe Cancer t}?;imor;asl Median 087 Stage I-IV Median LGSOC
(2015) [12] . Center mherapy 72.5 with PCRS 46.1 GSPC
prospective (MDACC) adjuvant chemo
only
. AGO Stage .
(Gzrglb 6O)VEIF(1)(]1 Retrospective Database of =~ Adjuvant chemo — 145 Ib-1V Me4c181an LGSOC
4RT with CCRS
Single
Gershenson . Cancer . Mean Stage II-IV.~ Median
(2006) [17] Retrospective Center Adjuvant chemo 7 112 with PCRS 43 LGSOC
(MDACCQ)
. stage III-IV .
(Z(Ea;)leﬁ 8] Retrospective multicenter =~ Adjuvant chemo Mz;l 11an 47 with Mgglgan LGSOC
’ MRCRS '
Adjuvant . .
Fader . . Median Stage II-IV.~ Median
(2017) [19] Retrospective multicenter h:);g;;l;l 41 27 with PCRS 475 LGSOC

HT = Hormonal therapy, HC = Hormonal consolidation, ACT: Adjuvant Chemotherapy, PBACT: Platinum-Based
Adjuvant Chemotherapy, RT: Randomized Trial, CCRS: complete cytoreductive surgery, MRCRS: Microscopic
residual cytoreductive surgery, PCRS: Primary Cytoreductive surgery, TTP: Time to Progression, LGSOC: Low-
Grade Serous Ovarian Cancer, LGSPC: Low-Grade Serous Peritoneal Cancer.
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Table 2. Summary of the baseline characteristics of the three included studies for recurrence treatment.

Study . . Follow-up Patients . Age .
(Year) Design Setting Arms (Months) ) Population (Years) Histology
Only HT
Tang Phase II . Mean Recurrent Mean
(2019) [10] trial Multicenter (anastro- 311 36 LGSOC 57 LGSOC
zole)
Single Recurrent .
C(}Ze J :;l)e[r;so(])n Retrospective ~ Cancer Only HT - 64 LGSOC M:;l Zm ]I:(C;;zgg
Center and LGSPC ’
Single .
Gershenson . Only Recurrent Median
(2009) [6] Retrospective E:?lfs;‘ chemo - 58 LGSOC 432 LGSOC

HT = Hormonal therapy, LGSOC: Low-Grade Serous Ovarian Cancer, LGSPC: Low-Grade Serous Peritoneal Cancer.

Overall, 1892 patients were included from all studies: 1734 in the first-line setting and
158 in recurrent disease.

3.3. Qualitative Synthesis
First-Line Setting (Primary Treatment)

Nine studies were included in this group. The type of treatment was antihormonal
therapy alone in one study [19] and a combination of chemotherapy and antihormonal
therapy in three studies [11,12,15], whereas two studies compared chemotherapy alone vs
just watch and wait [13,14].

Three studies reported descriptive analysis data of patients treated with only
chemotherapy [16-18].

In four these nine studies, only a descriptive analysis of treatments was done (three for
cytotoxic chemotherapy, one for antihormonal treatment) without any control group and
did not report any survival results for adjuvant treatment with HR [16-19]. As they also
did not consistently report survival, these studies were not included in the meta-analysis.

The five remaining studies that were ultimately included in the present meta-analysis
evaluated the following regimens: three studies compared cytotoxic chemotherapy alone vs
chemotherapy followed by maintenance antihormonal therapy [11,12,15] and two studies
compared chemotherapy vs no adjuvant treatment at all [13,14]. We report in more detail
the three studies that evaluated cytotoxic chemotherapy alone vs chemotherapy followed
by maintenance antihormonal therapy below.

Schlumbrecht et al. (2011) divided antihormonal therapy into two categories. The
first category, named “Consolidation therapy”, included patients without radiological or
clinical evidence of residual disease at the end of their first-line chemotherapy, who then
received antihormonal treatment. The second category, named “Maintenance therapy”,
included patients who had persistent but stable disease after adjuvant chemotherapy, who
then received antihormonal treatment. We opted to include only the data of patients in the
category “Consolidation therapy”, to be consistent with the rest of the included patients
in this meta-analysis that had undergone complete cytoreduction. In total, 95.8% of the
patients were treated with platinum-based chemotherapy [15].

Gershenson et al. (2017) evaluated patients who underwent primary cytoreductive
surgery followed by platinum-based chemotherapy and observation versus antihormonal
therapy (as per the physician’s choice) starting within 3 months of completion of postoper-
ative chemotherapy. In total, 54.3% of the patients received Letrozole [11].

A previous study conducted by Gershenson et al. in 2015 included a subgroup of
287 patients who had undergone primary cytoreductive surgery followed by platinum-
based chemotherapy. In total, 50 of these patients also received maintenance hormonal
therapy, which we also included in the present analysis [12].

The studies and their regimens are presented in Table 3.
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Table 3. Summary of the qualitative characteristics of the 12 included studies for primary and

recurrence treatment.

Intervention Primary Median o Median o
Study, Date  Control Arm Arm Endpoint PFS (Mo) HR 95%CI 0S (Mo) HR 95% CI
PRIMARY
May 2017 Response to
[13] no AC (269) PBAC (170) ACT - - - 106.8 1.05 0.76-1.46
Gockle Outcome
2017 [IZ] no AC (140) PBAC (140) Survival - - - 88.2 096 0.66-1.40
factors
effect of de-
Schlumbrecht mographics
2011 [15] ACT (170) ACT +HC (9) and treatment 76.4 0.44 0.18-1.08 - 0.15 0.02-1.06
on survival
Gershenson PBACT
2017 [11] PBACT (133) +HMT (70) outcome 64.9 0.44 0.31-0.64 115.7 0.84 0.54-1.30
Gershenson ACT +HMT
2015 [12] ACT (159) (50) outcome - 092 0.64-1.32 - 1.05 0.64-1.73
. efficacy of
Sorf:‘[’l“é?kl - PBACT (145)  PBACT after 92.0 - - 97.0 - -
CCRS
Gershenson Chmca.il
2006 [17] - PBACT (112)  Behavior 19.5 - - 81.8 - -
Analysis
Evaluation of
Fader 2013 ) PBACT (47) Chr'ucopatho- 330 96.9
[18] logical
variables
PCRS + HT
Fader 2017 ) (26)NACT + Outcome ) ) i i ) i
[19] PCRS + HT
1)
RECURRENT DISEASE
Tang 2019 Clinical
[10] - Anastrozole Benefit Rates 11.1 - 3.2-11.9 - - -
Gershenson Efficacy of
2012 [20] HT HT ) ) ) 782 ) )
Evaluate
Gershenson chemoresis-
2009 [6] Chemotherapy tance of - - - 87.1 - 56.8-117.3
recurrent
LGSOC

HT = Hormonal therapy, HC = Hormonal consolidation, ACT: Adjuvant Chemotherapy, PBACT: Platinum-Based
Adjuvant Chemotherapy, RT: Randomized Trial, CCRS: complete cytoreductive surgery, MRCRS: Microscopic
residual cytoreductive surgery, PCRS: Primary Cytoreductive surgery, TTP: Time to Progression, LGSOC: Low-

Grade Serous Ovarian Cancer, LGSPC: Low-Grade Serous Peritoneal Cancer.

3.4. Recurrent Setting

Only three case studies were identified and included in this group: 36 patients re-
ported by Tang et al. (2019) [10], 64 patients by Gershenson et al. (2012) [20], and 58 by
Gershenson et al. (2009) [6].

The types of applied treatments were antihormonal treatment alone in two studies
(Tang et al., 2019, Gershenson et al., 2012) [10,20] and chemotherapy alone in one study
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(Gershenson 2009) [6]. These three studies were only descriptive and did not provide any
comparative data with a control group. None of these studies included HR in their results.

In the PARAGON phase II study (Tang et al., 2019) anastrozole given for at least
6 months was associated with a clinical benefit rate of 61% in patients with recurrent ER-
and/or PR-positive low-grade ovarian cancer or serous ovarian borderline tumors. The
toxicity profile reported was acceptable toxicity. Median PFS was 11.1 months (95% CI:
3.2-11.9) [10].

In a further retrospective study by Gershenson et al. (2012) evaluating 64 patients with
histologically confirmed, recurrent low-grade serous ovarian/peritoneal carcinoma who
received hormonal therapy at their institution between 1989 and 2009 showed an overall
response rate of only 9%. In total, 61% of the patient regimens resulted in a progression-
free survival duration of at least 6 months. Patient regimens involving ER+/PR+ disease
produced a longer median time to disease progression (8.9 months) than patient regimens
involving ER+/PR- disease did (median = 6.2 months; p = 0.053). This antitumor activity
was considered as moderate by the authors and appealed for further studies to determine
whether ER/PR expression status may be used as a predictive biomarker for low-grade
disease [20].

In 2009, Gershenson et al. performed a descriptive analysis of 58 patients with recur-
rent LGSOC, who received 108 combinations of different chemotherapy regimens (“patient
regimens”); 60.6% were platinum-based. Stable disease was observed in 65 patients (60.2%).
The overall response rate for the platinum-sensitive cohort was 4.9%, and 2.1% for the
platinum-resistant cohort. The median overall survival was 87.1 months and the me-
dian time to progression was 29.0 weeks (34.7 weeks for platinum-sensitive cohort and
26.4 weeks for platinum-resistant cohort) (p = 0.32) [6].

With only three studies in this group, a valid meta-analysis was not feasible. Thus, we
only included first-line treatment data in this meta-analysis.

3.5. Quantitative Synthesis

For the primary patients who were included in the present meta-analysis, median OS
for those treated with systemic chemotherapy alone ranged between 88.2 and 106.8 months,
whereas for those patients who were additionally treated with antihormonal treatment as a
maintenance, the median OS ranged between 100.9 and 115.7 months and the median PFS
between 25.9 and 76.4 months. Median PFS was 25.9 and 76.4 months, respectively.

Forest plots summarizing the efficacy of the various treatment approaches are pre-
sented in Figure 2. The pooled HR analyzes did not reveal any statistically significant PFS
or OS benefit associated with the addition of antihormonal treatment after completion
of systemic first-line chemotherapy in LGSOC patients who had undergone complete cy-
toreduction when compared to systemic chemotherapy alone: for PFS, pooled HR = 0.59,
95% CI [0.33, 1.04]), I? = 77% (Figure 2c), and for OS, pooled HR = 0.83, 95% CI [0.50, 1.39],
12 = 46% (Figure 2b).
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OS in systemic chemotherapy on

Study TE STE Hazard Ratio HR 95%-Cl Weight
May 2017 0.05 0.1666 —*—— 1.05 [0.76;1.46] 352%
Gockley 2017 -0.04 0.1918 ——+— 096 [0.66;1.40] 342%

Gershenson 2006 1.24 0.2790 ! —+— 346 [2.00;598] 30.6%
Random effects model : 1.47 [0.75; 2.86] 100.0%
Heterogeneity: 1% = 88%, p <0.01 L ' :

0.6 1 15 6

Favorchemotherapy Favorcontrol

b

OS in hormonal treatment after systemic chemotherapy

Study TE STE Hazard Ratio HR 95%-Cl Weight
Schlumbrecht 2011 -1.92 1.0104 = 0.15 [0.02;1.06] 13.5%
Gershenson 2017 -0.17 0.2222 =1 084 [054;130] 63.2%
Gershenson 2015 -0.65 0.7097 0.52 [0.13;2.09] 23.3%
Random effects model —===—  0.59 [0.27; 1.32] 100.0%
Heterogeneity: = 36%, p =0.21 ! X ' ’

0.02 05 1 2

Favor hormonal treatment after systemic chemotherapy Favorchemotherapy

C
PES in hormonal treatment after systemic chemotherapy

Study TE STE Hazard Ratio HR 95%-Cl Weight
Schlumbrecht 2011 -0.82 0.4571 ; 044 [0.18;1.08] 12.3%
Gershenson 2017 -0.82 0.1849 — = 044 [0.31,063] 750%
Gershenson 2015 -0.51 0.4484 + 0.60 [0.25;1.44] 128%
Random effects model —— 0.46 [0.33; 0.63] 100.0%
Heterogeneity: 12 = 0%, p =081 ' ! '

0.1 0.5 1 2

Favorhormonal treatment after systemic chemotherapy Favorchemotherapy

Figure 2. Meta-analysis for: (a) OS in patients with systemic chemotherapy alone, (b) for OS and
(c) PFS for patients treated with additional antihormonal maintenance treatment after completion of
systemic chemotherapy.

Moreover, systemic chemotherapy also failed to significantly improve OS when com-
pared to no treatment at all after successful cytoreduction (pooled HR = 1.01, 95% CI [0.79,
1.29], I? = 0%, Figure 2a). No PFS data were reported for the studies with chemotherapy alone.

3.6. Quality Assessments

The quality of 11 retrospective studies and of the prospective study were assessed
using the NHLBI study quality assessment tool and were rated as “fair” in all cases.
The most common biases were the absence of sample size justification and the missed
measurement of confounding variables. Table 4
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Table 4. Quality assessment of the 12 included studies.

Criteria
Study, Year 2 3 4 5 6 7 8 9 10 11 12 13 1
Primary Treatment
May, 2017 [13] NA NA NA NA NA
Gockley, 2017 [14] NA NA NA NA NA
Schlumbrecht, 2011 [15] NA NA NA NA NA
Gershenson, 2017 [11] NA NA NA NA NA
Gershenson, 2015 [12] NA NA NA NA NA
Grabowski, 2016 [16] NA NA NA NA NA
Gershenson, 2006 [17] NA NA NA NA NA
Fader, 2013 [18] NA  NA NA NA NA
Fader, 2017 [19] NA NA NA NA NA
Recurrence Treatment
Tang, 2019 [10] NA  NA NA NA NA
Gershenson, 2012 [20] NA NA NA NA NA
Gershenson, 2009 [6] NA NA NA NA NA

1. Was the research question or objective in this paper clearly stated? 2. Was the study population clearly
specified and defined? 3. Was the participation rate of eligible persons at least 50%? 4. Were all the subjects
selected or recruited from the same or similar populations (including the same time period)? Were inclusion and
exclusion criteria for being in the study prespecified and applied uniformly to all participants? 5. Were sample
size justification, power description, or variance and effect estimates provided? 6. For the analyses in this paper,
were the exposure(s) of interest measured prior to the outcome(s) being measured? 7. Was the timeframe sufficient
so that one could reasonably expect to observe an association between exposure and outcome if it existed? 8. For
exposures that can vary in amount or level, did the study examine different levels of the exposure as related to
the outcome (e.g., categories of exposure, or exposure measured as continuous variable)? 9. Were the exposure
measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study
participants? 10. Was the exposure(s) assessed more than once over time? 11. Were the outcome measures
(dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?
12. Were the outcome assessors blinded to the exposure status of participants? 13. Was loss to follow-up after
baseline 20% or less? 14. Were key potential confounding variables measured and adjusted statistically for their

impact on the relationship between exposure(s) and outcome(s)? Legend: yes: ., no: .

4. Discussion

To our knowledge, this is the first comprehensive systematic review and meta-analysis
to assess the potential survival impact of antihormonal maintenance treatment or even
cytotoxic first-line chemotherapy in patients who had undergone successful cytoreduction
for advanced stage LGSOC. Analyzed evidence failed to demonstrate a survival benefit
through the addition of antihormonal agents after completion of first-line chemotherapy
compared to chemotherapy alone in completely cytoreduced LGSOC patients. Equally,
chemotherapy alone was not associated with any significant improvement in survival
compared to watch and wait strategies.

These data give a clear signal of the necessity of overcoming conventional ways of
thinking for the management of LGSOC. It is prime time for traditional cytotoxic and
antihormonal agents to give their place to novel targeted approaches, especially developed
for these rare neoplasms in an overall scheme of individualization of treatment.

Chemosensitivity in LGSOC is being increasingly disputed [17,21]. Conventional
chemotherapy studies for advanced ovarian cancer used to include all histological sub-
types, i.e., both low and high grade, without specific differentiation. However, in accor-
dance with the universal trends in oncology to individualize care, systemic studies also
in ovarian cancer have started stratifying patients according to their tumor biology and
even the development of umbrella studies aimed at recruiting across various organs by
equivalent histology.

In surgical studies, such a differentiation is more challenging due to the well-defined
difficulties of objectively performed high quality surgical studies. For example, the prospec-
tive phase III randomized GOG 0213 trial included only seven patients with LGSC [22].
Similarly, the European study DESKTOP III also recruited only 10 LGSC patients [23].
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Antihormonal treatment in ovarian cancer has been part of the treatment armamentar-
ium for years, even for high-grade histology. For example, Tamoxifen has been broadly
accepted as an alternative to non-platinum monotherapy for palliative relapsed patients [24].
Patients with LGSOC with higher estrogen receptor (ER) expression appear to benefit from
such an approach even in earlier treatment settings [25]. Still, solid data from prospective
randomized clinical trials of antihormonal treatment versus cytotoxic chemotherapy are
lacking and broad national and international variations in practice exist regarding their
clinical utilization. For example, in a German survey, 43% of physicians (gynecologists,
gynecologic oncologists, and oncologists) did not consider antihormonal therapy as a
treatment option [26].

Studies of the molecular biology of LGSOC have identified a high frequency of es-
trogen and progesterone expression, but also the important role of the mitogen-activated
protein kinase (MAPK) signaling pathway on its pathogenesis. KRAS mutations occur
in 16% to 44% of LGSOCs, BRAF mutations in 2% to 20%, and NRAS mutations in up to
26%. This differentiates LGSOC from HGSOC, the latter being associated with ubiquitous
P53 mutations, copy number abnormalities, and DNA repair defects [27].

MEK inhibitors are orally bioavailable, small-molecule inhibitors of MEK1/2. An
initial phase II trial examined selumetinib in recurrent LGSOC and demonstrated objective
response rates of 15% and a median PFS of 11.0 months. No correlation between response
and mutational status was found [28].

Two large randomized clinical trials of MEK inhibitors in recurrent LGSOC followed
this initial study. GOG 0281 was a phase II/1III trial comparing trametinib with the physi-
cian’s choice of pegylated liposomal doxorubicin or weekly paclitaxel, topotecan, letro-
zole, or tamoxifen [29]. MILO/ENGOT-ov11 compared binimetinib with the physician’s
choice [30].

On the basis of an interim analysis of 303 patients, enrolment in MILO was discontin-
ued following an interim analysis as the PFS HR crossed the predefined futility boundary.
In an updated analysis, median PFS times were 10.4 for binimetinib and 11.5 months for
the physician’s choice (HR, 1.15; p = 0.748). However, GOG 0281 successfully met its
primary end point, with a median PFS of 13.0 months for trametinib and 7.2 months for the
physician’s choice (HR, 0.48; p < 0.001) and ORRs of 26% and 6.2% for trametinib and the
physician’s choice, respectively. In England, trametinib is currently funded via the Cancer
Drugs Fund for patients with recurrent LGSOC who have progressive disease following
platinum-based chemotherapy and who have exhausted all endocrine therapy. Data to
support the use of MEK inhibitors in the first-line setting are still lacking and further studies
are required. Furthermore, studies of MEK inhibitors in combination with other targeted
therapies such as BRAF inhibitors are showing promise in LGSOC [30,31].

The strength of our work is that it is the first meta-analysis in the literature about
systematic adjuvant treatment in LGSOC, but there are several limitations to our study.
The most important is that very few studies are available, and the heterogeneity among
these studies limits a uniform interpretation of the results and the inclusion of the data in
quantitative analyses. More data are now needed to confirm that hormonal treatment after
systemic chemotherapy in LGSOC does not lead to any benefit for OS or for PSF and to
determine the best way to combine these two therapies, if applicable.

In this context, the multicenter prospective randomized phase III trial NRG-GY-019,
which started recruiting in mid-2019, randomizes newly diagnosed stage II-IV LGSOC-
patients following initial debulking surgery to adjuvant platinum/taxane chemotherapy
followed by maintenance letrozole vs letrozole alone [32]. However, more randomized
trials are necessary to have scientific evidence about the best approach in this subgroup
of patients.

5. Conclusions

Our data reinforce current evidence that future treatment trends are clearly pointing
towards the omission of traditional systemic approaches in, at least optimally cytoreduced,
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LGSOC patients. This approach would spare unnecessary toxicity for many patients. Our
focus should concentrate on the development of especially targeted agents and their broad
implementation, even in restricted settings.
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