
From Promise to Practice: 
Implementing Precision Therapy 

in Low-Grade Serous Ovarian Cancer

Jubilee Brown, MD
Professor and Division Director
Atrium Health Wake Forest University
Division of Gynecologic Oncology
Charlotte, North Carolina

Supported by an educational grant from Verastem, Inc.



• Jubilee Brown, MD: Advisory Board – AbbVie, AstraZeneca, Caris, 
GSK/Tesaro, Natera, Verastem; Principal Investigator/Steering Committee –
Genentech/Roche, GSK/Tesaro

Disclosures



Learning Objectives
• Interpret the molecular features of LGSOC and the significance of 

comprehensive genomic profiling, including KRAS testing, to guide precision 
treatment strategies in recurrent disease

• Describe considerations for integrating FDA-approved and emerging targeted 
therapies into LGSOC treatment algorithms, including patient selection criteria, 
sequencing considerations, and adverse event management strategies

• Evaluate interdisciplinary care strategies to align molecular findings, evolving 
evidence, and individualized treatment planning for patients with LGSOC

LGSOC = low-grade serous ovarian cancer.



• Important: 35% of deaths occur from the rarest 20% of tumors
• Limited number of patients over a wide geographic area
• Limited access to experienced oncologists
• Natural history is poorly defined: Statistical difficulty
• Similar tumors are “lumped together” – phenotypic heterogeneity, 

so clinically distinct tumors are combined to meet accrual goals
• Limited funding
• Prolonged accrual
• Restrictions on international data sharing

Challenges in Studying Rare Tumors

Brown J, et al. Gynecol Oncol. 2018;149(3):605-611. Gaddipati H, et al. Clin Cancer Res. 2012;18(19):5172-5178.



Challenges in Rare Tumor Trials

• Limited number of eligible patients
• Reluctance of sites to (keep) open trials with 

potential for poor and prolonged accrual
• Incentive for pharma to invest in rare tumor trials: 

Return on investment, protracted approval
• Rapidly changing landscape
• Statistical design limitations



Progress in Studying Rare Tumors

1983

Orphan Drug Act—defined 
orphan diseases and allowed 
for financial waivers

1993

NIH established Office of Rare 
Disease Research

2002

Rare Disease Act established 
a national rare disease 
agenda with cooperative 
research and grants

2002

Rare Diseases Program within 
the Center for Drug Evaluation 
and Research to accelerate 
drug development

2013

“Orphan subsets” were 
clarified based on molecular 
characteristics amenable to 
targeted therapy

NIH = National Institutes of Health.
Brown J, et al. Gynecol Oncol. 2018;149(3):605-611. Gaddipati H, et al. Clin Cancer Res. 2012;18(19):5172-5178.



The Solution

• NGS and precision medicine: improved speed and precision of 
diagnosis—but greater uptake/equity needed 

• Clinical trial designs: adaptive—platform—basket 
• Tumor-agnostic approvals 
• Need international cooperative group collaboration 
• AI integration: screening, matching patients to trials

NGS = next-generation sequencing; AI = artificial intelligence.



Examples of Rare Gynecologic Cancer 
with Prevalent Driver Alterations

Disease Alteration 

Granulosa cell tumor FOXL2 

Mesonephric cancer KRAS

Mesonephric-like cancer KRAS 

Small cell carcinoma of the ovary, 
hypercalcemic type 

SMARCA4 pathogenic variant 

Low-grade serous ovarian cancer MAPK alterations 

NTRK-fusion positive uterine spindle
cell sarcomas

NTRK gene fusions 



Scope of Rare Tumors
• GOG (now NRG) established the Rare Tumor 

Committee in 2005
- Ovarian sex cord-stromal tumors
- Malignant ovarian germ cell tumors
- Mucinous ovarian cancers
- Clear cell ovarian cancers
- Low-grade serous ovarian cancers (LGSOC)
- Carcinosarcoma of the ovary
- Small cell carcinomas of the ovary and cervix
- Mucosal melanoma of the lower genital tract

GOG = Gynecologic Oncology Group.
Covens A, Brown J. Rare Tumor Committee. In: The GOG Foundation, Inc.: A Half Century of Transforming the 
Standard of Care. GOG Foundation, Inc.; 2023.



Statistical Design Options (Prior to Profiling)

Phase III randomized controlled trials—not feasible

2011: Oncologic Drugs Advisory Committee—recommended 
single-arm trials in rare tumors

FDA allows for drug approval with this approach

Modified phase II trials can be considered equivalent to phase III 
trials if the aim is to affect clinical practice

Brown J, et al. Gynecol Oncol. 2018;149(3):605-611. Gaddipati H, et al. Clin Cancer Res. 2012;18(19):5172-5178.



Phase II Trials Have Been Successful in the GOG

Rare Tumor Committee has been involved in >24 clinical trials

Brown J, et al. Gynecol Oncol. 2018;149(3):605-611. Gaddipati H, et al. Clin Cancer Res. 2012;18(19):5172-5178.



Molecular Profiling and Platform Testing
BOUQUET (WO42178 / ENGOT-GYN2 / GOG-3051)

Phase II platform study evaluating biomarker-driven therapies in patients with persistent or recurrent rare EOC

Atrium Health. 
ClinicalTrials.gov. Accessed March 13, 2026. https://clinicaltrials.gov/study/NCT04931342.



Lessons in Rare Tumor Trial Conduct

• Plan ahead: Trials take a long time to develop
• Low-grade tumors are rare, but common enough that they will accrue if planned
• Working groups inform best trial design: translational work
• Partner with industry early—they have the assets
• Share information 
• Make eligibility broad
• Obtain support from key institutions early so that opening can be streamlined

- Contrast 264 with 033
• Patient-friendly media and social media presence



3 Major Groups of Ovarian Cancer

WHO Classification of Tumours Editorial Board. WHO Classification of Tumours: Female Genital Tumours. 5th ed. WHO; 2020. 



Epithelial Ovarian Cancers

• High-grade serous
• Low-grade serous
• Mucinous
• Endometrioid
• Clear cell 
• Brenner (transitional)
• Mixed 
• Undifferentiated

Epithelial
90%

WHO Classification of Tumours Editorial Board. WHO Classification of Tumours: Female Genital Tumours. 5th ed. WHO; 2020. 



Low-Grade Serous

• 5% of all epithelial ovarian 
cancers

• 70% of advanced-stage 
patients eventually relapse

HGSOC

LGSOC

HG = high-grade.



Historically Poor Response in LGSOC

NACT = neoadjuvant chemotherapy; AGO = Arbeitsgemeinschaft Gynaekologische Onkologie.
Gershenson DM, et al. Obstet Gynecol. 2009;114(1):48-52. Schmeler KM, et al. Gynecol Oncol. 2008;108(3):510-514. 
Grabowski JP, et al. Gynecol Oncol. 2016;140(3):457-462.

• Paclitaxel and carboplatin

- 52% of 112 pts were disease-free after primary cytoreductive surgery and 
platinum-based chemotherapy

- 4% of 25 pts with stage III/IV disease responded to NACT

- In 4 randomized phase III trials (AGO) of over 5000 pts, women with LGSOC 
were much less likely to respond



• 185 cases of LGSOC

• Hot-spot and whole-exon NGS

• Histologic confirmation

ElNaggar AC, et al. Gynecol Oncol. 2019;154(Suppl 1):60-61.



• KRAS 27.2%, 50/184
• NRAS 10.3%, 19/184
• PIK3CA 2.2%, 4/184
• AR 41.5%, 35/82
• ER 81.5%, 150/184 (>2+)
• PR 31.5%, 58/184
• PD-L1 3.7%, 6/163

ElNaggar AC, et al. Gynecol Oncol. 2019;154(Suppl 1):60-61.



Low-Grade Serous Ovarian Cancer

• MAP kinase pathway is active in 52%
- 30% KRAS+; 13% BRAF+; 9% NRAS+
- MEK inhibitors

• Hormonally active (97% ER+) 
- 60% stable disease with hormonal 

therapy
• 55% of patients have actionable 

mutations

Emmanuel C, et al. Clin Cancer Res. 2014;20(24):6618-6630. Wong KK, et al. Am J Pathol. 2010;177(4):1611-1617. Cheasley 
D, et al. J Pathol. 2021;253(1):41-54. Schink JC, et al. Presented at: ASCO Annual Meeting; June 3-7, 2022; Chicago, IL. 5578.



Low-Grade Serous Ovarian Cancer

ORR = objective response rate; PFS = progression-free survival; PR = partial response.
Grisham RN, et al. Int J Gynecol Cancer. 2014;24(6):1010-1014. Lazurko C, et al. Curr Oncol. 2023;30(9):8159-8171. Rose PG, et al. Int J Gynecol 
Cancer. 2016;26(6):1048-1052.

• Bevacizumab has some "special" support
• ORR 40% (Grisham, et al.)
• Systematic review 2023: ORR 47.5%
• Median PFS: 48 m (prolonged disease stabilization)
• Other small case series: stable disease/PR when 

added to chemo or letrozole
• Ongoing trial: trametinib +/- bev



Historically Poor Response in LGSOC
• Paclitaxel and carboplatin are standard of care

- Neoadjuvant: 4% response, 88% stable disease (Schmeler)
- Recurrent: 3.7% response rate to chemotherapy 

(Gershenson, et al.)
• Hormonally active (97% ER+)
• Being replaced by letrozole

- Maintenance therapy: mPFS 64.9 m (letrozole) vs 26.4 m 
(observation), P<0.001 (Gershenson, et al)

• Trial is important!
mPFS = median PFS.
Barakzai SK, et al. Gynecol Oncol. 2024;190:119-123. Grisham RN, et al. Int J Gynecol Cancer. 2023;33(9):1331-1344.
Brown J. Gynecol Oncol. 2024;190:A1-A2. Gershenson DM, et al. J Clin Oncol. 2017;35(10):1103-1111. Gershenson DM, et al. 
Gynecol Oncol. 2009;114(1):48-52. Schmeler KM, et al. Gynecol Oncol. 2008;108(3):510-514.



• Multi-institutional observational study, N=296 pts
• All stage III/IV LGSOC 2004-19 in CoC cancer programs
• HT matched to non-HT patients by risk-set propensity score
• Primary outcome: risk of death from any cause within 5 years
• HT: academics (55 vs 44%), later in study period (62 vs 23%)
• 45% vs 17% received NO chemotherapy (45% had HT alone!)
• HT: reduction in risk of death (HR 0.60; 95% CI 0.38-0.94)
• HT: 60 m survival of 75% vs 65%

CoC = Commission on Cancer; HT = hormone therapy; HR = hazard ratio; CI = confidence interval.
Barakzai SK, et al. Gynecol Oncol. 2024;190:119-123. Brown J. Gynecol Oncol. 2024;190:A1-A2.



ER/PR Are Biomarkers
• Upfront: GY-019—A randomized, phase III 2-arm trial of 

P/C/maintenance letrozole vs letrozole monotherapy

• 1 endpoint: PFS
• Open 8/2019
• N=450 pts

ER = estrogen receptor; PR = progesterone receptor; ECOG PS = Eastern Cooperative Oncology Group performance status; AUC = area under the curve; 
DOR = duration of response; RECIST = response evaluation criteria in solid tumors; IHC = immunohistochemistry.
ClinicalTrials.gov. Accessed March 13, 2026. https://clinicaltrials.gov/ct2/show/NCT04095364.



GY-019: PFS and OS
HR 1.30 P=NS

HR 1.52

Abbreviations: CP/L = carboplatin/paclitaxel followed by letrozole maintenance; 
L = letrozole; NS = not significant; OS = overall survival.
Fader AN, et al. Presented at SGO Annual Meeting 2026 (LBA02); Fader AN, et al. 
Gynecol Oncol. 2023;176(Suppl 1):S195. ClinicalTrials.gov identifier: NCT04095364.



Fader AN, et al. Presented at SGO Annual Meeting 2026 (LBA02); Fader AN, et al. Gynecol Oncol. 2023;176(Suppl 1):S195; ClinicalTrials.gov 
Identifier: NCT04095364.

NRG-GY019: Subgroup Efficacy 
and Safety Outcomes

PFS: Subgroup Analysis Adverse Event Summary



Low-Grade 
Serous—
Recurrent

• Hormonally active (97% ER+)
• MEK inhibitors (trametinib)

GOG 239Selumetinib II Selumetinib Objective tumor 
response, toxicity

52 2007-2009 ORR 15%, 
CBR  80%

POSITIVE 
TRIAL

GOG 281Trametinib II/III SOC vs 
trametinib

PFS
translational

250 2014-2019 PFS 13 
vs 7 m
ORR 26 
vs 6%

POSITIVE 
TRIAL

CLEE011
-XUS5IT

Letrozole + 
ribociclib

II Letrozole + 
ribociclib

Response rate 51 2018 Pending Ongoing

MILO -
ENGOT-
ov11

Binimetinib III Binimetinib vs 
Physician’s 
Choice

PFS,
OS, safety, 
toxicity

341 2013-2022 10.4 m
vs 11.5 m

Negative—
but details 
important

CBR = clinical benefit rate.
Farley J, et al. Lancet Oncol. 2013;14(2):134-140. Monk BJ, et al. J Clin Oncol. 2020;38(32):3753-3762. 
Gershenson DM, et al. Lancet. 2022;399(10324):541-553.



Recurrent LGSOC
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Recurrent LGSOC

Slomovitz BM, et al. J Clin Oncol. 2026;44(3):153-163.



Recurrent LGSOC
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• GOG 239: phase II trial of selumetinib (oral)
- 15% RR
- 65% stable disease
- PFS 11 m
- OS NR
- No correlation with KRAS

RR = response rate; NR = not reached.
Farley J, et al. Lancet Oncol. 2013;14(2):134-140.

Recurrent LGSOC



Recurrent LGSOC
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GOG281/LOGS: Trametinib vs Standard of Care

PLD = pegylated liposomal doxorubicin; SOC = standard of care; IGCS = International Gynecology Cancer Society.
Gershenson DM, et al. Lancet. 2022;399(10324):541-553. ClinicalTrials.gov identifier: NCT02101788.

Final Overall Survival (IGCS 2025)

• Median PFS: 13.0 vs 7.2 months (HR = 0.48; P<0.0001) 
• Median OS: 37.0 vs 29.2 months (HR = 0.75; P=0.054)



“…trametinib should be considered 
a new standard-of-care option for… 
progressive or relapsed low-grade 
serous carcinoma.”

Recurrent LGSOC

Gershenson DM, et al. Lancet. 2022;399(10324):541-553.

• GOG 281: Trametinib vs chemo/hormonal therapy
- PFS: 13.0 vs 7.2 m (P<0.0001); HR 0.48 (CI 0.36-0.64)
- Improved over both chemo and letrozole
- 36% discontinued therapy



Recurrent Low-Grade Serous Ovarian Carcinoma

TRS = tumor response score.



Recurrent LGSOC
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Recurrent LGSOC

• MILO/ENGOT-ov11: Binimetinib vs physician’s choice chemo
- PFS: 10.4 vs 11.5 m (P=0.748); HR 1.15 (CI 0.76-1.74)

CR = complete response; PR = partial response; SD = stable disease; PD = progressive disease.
Monk BJ, et al. J Clin Oncol. 2020;38(32):3753-3762. 



• MILO/ENGOT-ov11: Binimetinib vs physician’s choice chemo
- PFS: 10.4 vs 11.5 m (P=0.748); HR 1.15 (CI 0.76-1.74)
- Efficacy may be related to KRAS status (post-hoc analysis)

KRAS+: 17.7 m
KRAS-: 10.8 m
P=0.006

Recurrent LGSOC

Monk BJ, et al. J Clin Oncol. 2020;38(32):3753-3762. 



KRAS Mutation Status and PFS in Patients 
Treated with Binimetinib or Chemotherapy

• Mutation status may impact interpretation of the trial 
• Does not mean you should ignore the histology…

Grisham R, et al. Presented at: SGO Annual Meeting on Women’s Cancer; March 28-31, 2020; Toronto, ON, Canada. 



Recurrent LGSOC
• Hormonal therapy
• Ribociclib/letrozole
• GOG 239: phase II trial of selumetinib (oral) 

- 15% RR, 65% stable disease
- PFS 11 m; OS NR; no correlation with KRAS

• GOG 281: Trametinib vs chemo/hormonal therapy 
- PFS: 13.0 vs 7.2 m (P<0.0001)
- HR 0.48 (0.36-0.64) improved over both chemo and letrozole

• MILO/ENGOT-ov11: binimetinib vs physician’s choice CT
- PFS: 10.4 vs 11.5 m (P=0.748)
- HR 1.15 (CR 0.76-1.74) 
- Efficacy ? associated with KRAS (post-hoc analysis)



Future: Combination RAF/MEK and FAK inhibitors​

Recurrent Low-Grade Serous Ovarian Carcinoma

Thatcher JD. Sci Signal. 2010;3(119):tr1.



Avutometinib and Defactinib Mechanism of Action

Banerjee SN, et al. Presented at: IGCS Annual Global Meeting; October 16-18, 2024; Dublin, Ireland.



Avutometinib and Defactinib Mechanism of Action

IC = induction chemotherapy.
Banerjee SN, et al. Presented at: IGCS Annual Global Meeting; October 16-18, 2024; Dublin, Ireland.

• FRAME: phase I/II avutometinib 
+defactinib
- 52% ORR in LGSOC cohort (24 pts)
- 44% KRAS mutated pts

• RAMP 201: VS-6766 vs 
combination
- 45% vs 10% ORR, tolerable
- Median DOR: 3.3-31.1 m

• RAMP 301
- Combination vs IC, 270 pts



Banerjee SN, et al. Nat Med. 2025;31(9):3074-3080.



Banerjee SN, et al. Nat Med. 2025;31(9):3074-3080.

• Phase I/II
• Avutometinib + defactinib
• 52% ORR in LGSOC 

cohort (24 pts)
• 44% were pts with KRAS 

mutation



Banerjee SN, et al. J Clin Oncol. 2025;43(25):2782-2792.



Banerjee SN, et al. J Clin Oncol. 2025;43(25):2782-2792.



Banerjee SN, et al. Presented at IGCS 2024. J Clin Oncol. 2025;43(25):2782-2792. ClinicalTrials.gov identifier: NCT06072781.

RAMP 201



Banerjee SN, et al. J Clin Oncol. 2025;43(25):2782-2792.

RAMP 201—Update



RAMP 201
RAMP 201 trial
• 31% ORR total
• 44% ORR KRAS+

IRC = independent review committee.
Banerjee SN, et al. J Clin Oncol. 2025;43(25):2782-2792.



RAMP 201 trial 
• 12.9 m PFS total
• 22 m PFS KRAS+

RAMP 201

Banerjee SN, et al. J Clin Oncol. 2025;43(25):2782-2792.



Banerjee SN, et al. J Clin Oncol. 2025;43(25):2782-2792.

RAMP 201—Update



Banerjee SN, et al. Presented at IGCS 2024. J Clin Oncol. 2025;43(25):2782-2792. ClinicalTrials.gov identifier: NCT06072781.

RAMP 201



Responses Observed in both KRAS 
Mutant and KRAS 
Wild-Type Recurrent LGSOC

FDA Accelerated Approval 

May 8, 2025

Avutometinib 3.2 mg BIW + 
Defactinib 200 mg BID

KRAS mutated recurrent LGSOC

Banerjee SN, et al. Presented at IGCS 2024. J Clin Oncol. 2025;43(25):2782-2792. ClinicalTrials.gov identifier: NCT06072781.

RAMP 201



Banerjee SN, et al. J Clin Oncol. 2025;43(25):2782-2792.

RAMP 201
• 80% (92/115) of patients had AEs leading to dose 

interruption 

- 38% (44/115) for elevations in CPK

• 36.5% (42/115) of patients had AEs leading to dose 
reduction

• 10% (12/115) of patients discontinued for AEs; 
most common increased CPK (n=4)

• 7% (8/115) of patients had serious AEs considered 
by the investigator to be related to study treatment: 
the only event occurring in more than 1 patient was 
abdominal pain

• 4 deaths (within 30 days of discontinuation): GI 
hemorrhage, large intestine perforation, clinical 
progression, clinical deterioration (none considered 
related to study treatment)



RAMP 201 Update

FDA grants accelerated approval to the 
combination of avutometinib and defactinib for 

KRAS-mutated recurrent low-grade serous 
ovarian cancer—May 8, 2025

Banerjee SN, et al. J Clin Oncol. 2025;43(25):2782-2792. FDA. May 8, 2025. Accessed March 13, 2026. 
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-combination-
avutometinib-and-defactinib-kras-mutated-recurrent-low.



ctDNA in LGSOC: Results from RAMP201 Samples
In Patients With KRAS Mutations Detectable in Tumor Samples, 44% (22/50) Concordance Between KRAS 
Detection in Tumor vs Blood Samples

Blood samples from 
65 patients with LGSOC

(ENGOT-OV60/
GOG-3052/RAMP 201)

50 patients with            
KRAS mutation detected in 

tumor samples (KRAS 
VAF% ranging from 4% to 

96%)

22 patients with 
KRAS mutations 
detected in blood 

samples

28 patients with no 
KRAS mutations 
detected in blood 

samples 

• 44% (22/50) concordance between tumor vs 
blood samples

- For these 22, the same KRAS variant was 
detected in tissue vs blood samples

15 patients with            
KRAS wild-type in         

tumor samples
• No KRAS mutations detected by 

ctDNA testing in patients with KRAS 
wild-type in tumor samples

15 patients with no 
KRAS mutations 
detected in blood 

samples 

• 56% (28/50) of patients showed a false 
negative result from ctDNA testing

ctDNA = circulating tumor DNA; VAF = variant allele frequency.
Van Nieuwenhuysen, et al. Presented at: European Society for Medical Oncology (ESMO) Gynaecological Cancers 
Congress; 2025. Banerjee SN, et al. Presented at IGCS 2024. 



Key Learning Points

• Upfront: Paclitaxel/carboplatin followed by letrozole is standard
- Possible letrozole only in subset of R-zero patients

• Recurrent
- MEK inhibitors approved
- Hormonal therapy (letrozole) approved
- Avutometinib and defactinib approved in KRASm LGSOC
- RAMP 301 ongoing
- Importance of precision medicine in LGSOC



• Benefit of interdisciplinary care—tumor board

• Send every specimen for paired genetic/genomic testing

• Consider ER/PR status for letrozole maintenance

• If ER/PR+, as most will be, consider emerging evidence
- Consider letrozole maintenance in stage III/IV disease

Key Recommendations for Integration



• Recurrent disease: essential to send molecular profiling
- MEK inhibitors approved
- Hormonal therapy (letrozole) approved
- Avutometinib and defactinib approved in KRASm LGSOC
- RAMP 301 ongoing (will determine KRAS wt activity)

• Importance of precision medicine in LGSOC
- If ER/PR+, consider letrozole
- If KRAS+, consider avutometinib/defactinib
- If KRAS wt, avutometinib/defactinib not yet approved
- If KRAS+, other MEK inhibitors (eg, trametinib)
- Other mutations may guide therapy with additional options

Key Recommendations for Integration
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