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ABSTRACT
Objective  We describe a phase II clinical trial of the 
combination of ribociclib and letrozole for treatment of 
relapsed oestrogen receptor (ER)-positive ovarian cancer 
(OC) and endometrial cancer (EC). The primary endpoint 
was the proportion of patients alive, progression-free 
survival (PFS), and still on treatment at 12 weeks (PFS12), 
with 45% or greater considered positive.
Methods  Patients with measurable, relapsed ER-positive 
OC or EC (platinum-sensitive or resistant) were eligible 
and treated with 400 mg of oral ribociclib and 2.5 mg of 
oral letrozole daily. Patient-derived xenografts (PDXs) were 
created from imaging-guided tumour biopsies.
Results  Forty patients (20 OC and 20 EC) were enrolled. A 
PFS12 of 55% was observed in the EC cohort and 50% in 
the OC cohort. A PFS greater or equal to 24 weeks (PFS24) 
was seen in 20% (4/20) of the OC cohort and 35% (7/20) 
of the EC cohort. The greatest benefit was seen in low-
grade serous OC (LGSOC) (3/3, 100% PFS24) and grades 
1 and 2 EC (5/11, 45% PFS24). All three LGSOC patients 
obtained at least a partial response lasting for over 2 
years, with two of the three patients still on treatment. 
PDX tumour engraftment was feasible in 45% of patients. 
Positive survival effects of the combination of ribociclib 
and letrozole were observed in two of three EC PDX 
models.
Conclusion  Ribociclib and letrozole have promising 
clinical activity in relapsed ER-positive OC and EC, 
particularly in LGSOC and relapsed ER-positive grade 
1 and 2 EC. Generation of PDX models is feasible with 
positive survival effects observed in EC models.
Trial registration number  ​ClinicalTrials.​gov registry 
(NCT02657928).

INTRODUCTION
Oestrogen receptor (ER) positivity is present 
in 38% to 60% of all ovarian cancers (OCs) 
and up to 80% of all endometrial cancers 
(ECs).1 2 Treatment with aromatase inhibi-
tors (AIs) is an acceptable option included in 
the National Comprehensive Cancer Network 
treatment guidelines for relapsed OC or EC. 
Despite the high prevalence of ER expression, 

limited clinical activity of single-agent AIs have 
been reported in at least two phase II trials in 
EC and eight phase II clinical trials in OC.3–13 A 
Gynecologic Oncology Group trial of anastro-
zole in chemotherapy-naïve EC showed median 
progression-free survival (PFS) of 1 month and 
a 9% response rate.11 In OC, a phase II study 
of letrozole in 60 patients showed that only 
20% were progression-free and still on trial at 
12 weeks.3 The activity of these agents might be 
higher in patients with ER-positive tumours and 
those without previous exposure to tamoxifen.

Key questions

What is already known about this subject?
►► Aromatase inhibitors (AIs) have limited activity and 
are used against oestrogen receptor (ER)-positive 
ovarian cancer (OC) and endometrial cancer (EC).

►► Cyclin kinase inhibitors (ribociclib, palbociclib and 
abemaciclib) synergise with AIs in the treatment of 
ER-positive breast cancer

►► New treatments are needed for metastatic EC and 
OC.

What does this study add?
►► Promising activity of the combination of ribociclib 
and letrozole in patients with metastatic ER-positive 
EC and OC.

►► Most significant effects observed in the OR positive 
low-grade serous OC (LGSOC) and grade 1 to 2 EC 
subsets.

►► Tumour xenograft generation was feasible in 45% 
of the cases with evidence of activity of the combi-
nation of ribociclib and letrozole observed in studied 
endometrial carcinoma models.

How might this impact on clinical practice?
►► The combination of ribociclib and letrozole is safe 
and active in ER-positive OC and EC, particularly in 
LGSOC, and grade 1 to 2 EC and represent a prom-
ising treatment option for these patients, pending 
results of further confirmatory trials.

http://www.esmo.org/
http://esmoopen.bmj.com/
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Strategies to improve the efficacy of AIs in metastatic breast 
cancer have been extensively studied. Cyclin-dependent 
kinase (CDK) 4 and 6 are important downstream targets 
of OR. In conjunction with cyclin D1 binding partner, a 
combination of CDK 4/6 and cyclin D1 holoenzyme acts on 
critical cell cycle checkpoints that allow cell cycle progres-
sion. Alterations in cell cycle checkpoint regulation occur 
in nearly all malignancies14 and contribute to endocrine 
therapy resistance in breast cancer.15 CDK inhibitors (palbo-
ciclib, ribociclib and abemaciclib) have been developed and 
shown on clinical trials to significantly prolong PFS (palbo-
ciclib, ribociclib and abemaciclib) and overall survival (OS) 
(ribociclib and abemaciclib) when combined with AIs or 
fulvestrant in the treatment of metastatic ER-positive breast 
cancer, leading to approval by the Food and Drug Admin-
istration.16–18 In addition, a patient with refractory high-
grade serous OC with a homozygous CDKN2 deletion had a 
significant response to palbociclib and letrozole lasting over 
12 months.19 An unpublished report of a phase II trial of 
palbociclib and letrozole in OC, showed a PFS of 3.7 months 
and a Partial Remission (PR) rate of 4% with 60% stable 
disease.20 Given these findings, we decided to explore if the 
possibility that combination ribociclib and letrozole could 
improve outcomes against relapsed OR-positive OC and EC.

METHODS
Patient population
This investigator-initiated concomitant phase II clinical 
trial (separate trials for OC and EC) was sponsored by 
Novartis and performed at Mayo Clinic in Rochester in 
Minnesota, Phoenix in Arizona and Jacksonville in Florida. 
Patients were eligible if they had biopsy-proven, relapsed 
and measurable ER-positive ovarian, fallopian tube or 
primary peritoneal carcinomas (OCs) or relapsed ER-pos-
itive EC; had not been previously treated with ribociclib 
or AIs; and had an Eastern Cooperative Oncology Group 
performance status between 0 and 2. Central review of 
ER or pathology was not required. Given the pilot nature 
of this study, patients with platinum-resistant, platinum-
refractory or platinum-sensitive ovarian tumours were 
included. Patients had to have measurable disease and 
willing to undergo tumour biopsy. Tumours had to be 
ER-positive, defined as 10% or greater staining on immu-
nohistochemistry, and had to stain positive for retino-
blastoma protein. Protocol was modified to not require 
retinoblastoma protein positivity for eligibility to facilitate 
patient accrual, since retinoblastoma protein positivity 
was observed in the majority of cases (12/13 (92.3%) 
initial cases). Patients with brain metastasis, clear cell or 
mucinous histology, or substantial liver or gut dysfunction 
were not eligible.

Treatment and evaluation
Treatment
Patients received 400 mg of oral ribociclib and 2.5 mg 
of oral letrozole daily, without interruption, on an every 
4-week cycle, until the development of progressive disease 
or serious toxicity (both agents provided by Novartis). 

The ribociclib and letrozole doses were decreased in the 
event of grade 3 or higher drug-related toxicity (liver 
toxicity for letrozole), with a maximum of two dose reduc-
tions allowed. Patients requiring further dose reductions 
were taken off study. The Response Evaluation Criteria 
in Solid Tumors (RECIST) were used to assess treatment 
response every 12 weeks after the initiation of treatment. 
Staging studies included CT and serum cancer antigen 
125 (CA125) levels. The trial was registered with the 
National Institute of Health. Mayo Clinic Institutional 
Review Board approval was obtained.

Statistics
The primary endpoint was the percentage of patients (OC 
and EC analysed separately) without evidence of progres-
sion and still on treatment at 12 weeks (PFS12). Progres-
sion was defined using RECIST 1.1 criteria.21 A one-stage 
design with the first eligible 19 patients with OC and 
19 patients with EC was used to determine whether the 
PFS12 was at least 45% (ie, clinically active) versus 20% 
or less (ie, likely not clinically active). The 20% PFS12 
value for determining lack of significant clinical activity 
was selected based on the phase II study of letrozole for 
OC reported by Bowman et al3 and the 1-month PFS in 
a phase II trial in patients with EC.11 An 83% power was 
calculated to detect a PFS12 of 45%, with a 7% level of 
significance. We estimated that, if seven or more patients 
from each 19-patient cohort were alive, without disease 
progression, and on treatment at 12 weeks, the treatment 
could be considered to have enough clinical activity to 
warrant further evaluation.

Secondary endpoints included confirmed response 
rates, serum CA125 response, adverse events (AEs), 
PFS and OS. AEs are presented in part in tabular form. 
AE data was collected for up to 14 days following the 
off-study date. PFS was defined as the time from study 
registration to the first of either disease progression or 
death. OS was defined as the time from study registra-
tion to death from any cause. Time-to-event distribu-
tions were estimated using the Kaplan-Meier method,19 
and SAS V.9.4 (SAS Institute), was used for statistical 
analysis.22

Patient-derived xenografts
Establishment of patient-derived xenograft models
The protocol for patient-derived xenograft (PDX) estab-
lishment has been previously described by our team.23 24 
All patients signed consent for imaging-guided biopsies of 
tumour specimens at baseline. Five to six cores of tumour 
samples were collected under sterile conditions. Tumour 
specimens were implanted intraperitoneally into one or 
two female severe combined immunodeficient (SCID)-
beige mice (C.B.-17/IcrHsd-Prkdcscid Lystbg; Envigo) as 
previously described21 and in accordance with the Mayo 
Clinic Institutional Animal Care and Use Committee 
(IACUC).
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In vivo efficacy of ribociclib and letrozole
The clinical characteristics of EC and OC PDX models 
for in vivo studies are reported in accordance with the 
minimal information standards (online supplemental 
table S1).25 Fresh tumour slurry (0.1 to 0.2 cc) was 
prepared and mixed in 1:1 ratio with McCoy’s media 
before intraperitoneal injection into female SCID-beige 
mice. Each tumour model was assigned a ‘U1561’ or 
‘O1561’ prefix according to the histology (U=uterine, 
O=ovarian) followed by a unique # identifier to protect 
patient confidentiality in accordance with the Health 
Insurance Portability and Accountability Act. For experi-
ments, low passages (≤5 to avoid genetic drift) were estab-
lished in up to 40 female oophorectomised SCID mice. 
Tumour diameter and cross-sectional area were measured 
by transabdominal ultrasound using an S Series Ultra-
sound System (Fujifilm SonoSite) with on-board measure-
ment tools as previously validated.26–28 When tumour area 
reached 0.3 to 0.5 cm2, mice were randomised by tumour 
size to treatment arms. Ribociclib was provided by Novartis 
and administered daily by oral gavage in 0.5% methylcel-
lulose (75 mg/kg) as previously described,29 while letro-
zole was administered by subcutaneous injections at 10 μg 
daily.30 During the study period, weekly ultrasounds meas-
ured the largest tumour cross-sectional area through day 
56. Mice were euthanised individually when moribund or 
as a cohort on day 56. The primary endpoint was change 
in tumour area by ultrasound, normalised to the day 0 
area of the same tumour and plotted as a ratio (relative 
to day 0). Two-group comparisons were performed using 
student’s t-test, and a p value less than 0.05 was consid-
ered significant. A secondary endpoint was OS, for which 
Kaplan-Meier curves were created using GraphPad Prism 
7 (GraphPad Software). Censored observations were 
defined as mice euthanised due to planned experimental 
endpoints or for meeting humane endpoints. Humane 
endpoints were defined as: tumour burden equal to 10% 
of the original body weight; ascites equal to 10% of the 
original body weight; weight loss greater than or equal 
to 20% of body weight; ulcerated tumours; tumours that 
interfere with vital functions, such as ambulation, eating 
or drinking; poor body condition; and behavioural score 
of 5 or less using the IACUC-approved scoring system 
(score items: appearance (scored 0 to 2), natural behav-
iour (scored 0 to 3), provoked behaviour (scored 0 to 3), 
and body condition (scored 1 to 5)) according to previ-
ously published literature.31

PDX models tissue processing and immunohistochemistry
Tissue collected from mice were fixed overnight in buff-
ered formalin (Cat#23-011-120; Thermo Scientific) and 
processed in the tissue core facility at Mayo Clinic in 
Phoenix, Arizona. Deparaffinised and rehydrated 5 μm 
to 6 μm sections were unmasked for 15 min in ethylenedi-
aminetetraacetic acid (EDTA) buffer (1 mM EDTA, 0.05% 
Tween 20, pH 8.0) at 95°C to 99°C. Primary antibodies 
to determine ER and Ki67 expression were purchased 
from Ventana (ER clone SP1 at 1: 100) and Dako North 

America (Ki67 clone MIB1 at 1:100, human specific) 
and incubated overnight at 4°C. Secondary antibodies 
(Cat#8125S and #8114; SignalStain Boost IHC detection 
system; Cell Signaling Technology) were applied for 30 
to 60 min at room temperature. Chromogenic detection 
of protein expression was determined in the presence 
of 3,3’-diaminobenzidine (Cat#DS900H, Betazoid DAB 
Chromogen Kit; Biocare Medical) and visualised under 
light microscopy. Digital images were captured using 
Image Scope (Aperio).

RESULTS
Patients
Forty patients (20 OC and 20 EC) were recruited for 
treatment from 22 August 2016, through 4 May 2018. 
Patients were enrolled at all three sites with 22 in Roch-
ester, Minnesota, nine in Jacksonville, Florida, and nine 
in Phoenix, Arizona. Patient demographics are summa-
rised in table 1. Most had platinum-resistant or refractory 
disease, and most were heavily pretreated. Only three 
patients had not received platinum-based chemotherapy 

Table 1  Clinical characteristics of participating patients 
(n=40)

Patients 
characteristics

Ovarian cancer 
cohort (n=20)

Endometrial 
cancer cohort 
(n=20)

Age, years, median 
(range)

61.0 (30.0 to 82.0) 64.5 (52.0 to 75.0)

ECOG PS, No. (%)

 � 0 12 (60.0) 11 (55.0)

 � 1 7 (35.0) 6 (30.0)

 � 2 1 (5.0) 3 (15.0)

Race, No. (%)

 � White 18 (90.0) 20 (100.0)

 � Asian 1 (5.0) 0 (0.0)

 � Not reported 1 (5.0) 0 (0.0)

Cell type

Low-grade serous 3 (15.0) NA

 � High-grade serous 17 (85.0) NA

 � Grade 1 to 2 
endometrioid

NA 11 (55.0)

 � Grade 3 (five 
serous and four 
endometrioid)

NA 9 (45.0)

 � No. of previous 
chemotherapy 
regimens median 
(range)

3 (0 to 6) 2 (0 to 6)

Platinum resistance, No. (%)*

 � Sensitive 7 (36.8) NA

 � Resistant/refractory 12 (63.2) NA

*One OC and two EC patients had not received platinum therapy.
EC, endometrial cancer; ECOG PS, Eastern Cooperative Oncology 
Group performance status; NA, not applicable; OC, ovarian cancer.

https://dx.doi.org/10.1136/esmoopen-2020-000926
https://dx.doi.org/10.1136/esmoopen-2020-000926
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(one OC and two EC). Seventeen (85.0%) of the patients 
with OC had high-grade serous carcinoma, with three 
having low-grade serous carcinomas. Eleven (55.0%) 
of the patients with EC had grade 1 or 2 endometrioid 
tumours and nine (45.0%) had grade 3 tumours (five 
high-grade serous and four grade 3 endometrioid).

Efficacy
Eleven of 20 EC patients and 10 of 20 OC patients were 
alive, progression-free and on treatment at 12 weeks, 
for a PFS12 of 55% and 50%, respectively, meeting the 
primary endpoint. Median PFS was 5.4 months (95% CI, 
3.1 to 11.8) for the EC cohort and 2.8 months (95% CI, 
2.6 to 9.1) for the OC cohort (figure 1). Thirty-five per 
cent of patients in the EC cohort and 20% in the OC 
cohort were alive, progression-free and on treatment for 
at least 24 weeks (PFS24), demonstrating significant clin-
ical activity (table 2). Subset analysis showed that the most 
significant benefit from study participation was observed 
in patients with low-grade serous OC (LGSOC) and in 
patients with grade 1 or 2 endometrioid EC (table 2). All 
three patients with LGSOC obtained durable responses 
to treatment (one complete response and two partial 
responses lasting for over 2 years), with two of them still 

on treatment for periods exceeding 30 months (30.4 
months and 36.2 months). Only one of 17 (6%) patients 
with high-grade serous OC had not progressed and was 
still on treatment for at least 24 weeks (table 2). No signif-
icant differences in PFS24 between the platinum-sensitive 
versus the platinum-resistant subsets (2/7 (28.5%) vs 
2/12 (16.6%)) were observed. Five of 11 patients (45.4%) 
with grade 1 or 2 endometrioid EC were still on treatment 
without progression for at least 24 weeks (table 2), while 
two of nine (22.2%) with high-grade EC tumours were 
without progression and on treatment for at least 24 
weeks. Median OS for the OC and EC cohorts were 18.9 
months (95% CI, 6.7 months to not reached) and 15.7 
months (95% CI, 6.8 months to not reached), respec-
tively (figure 2). A confirmed response was observed in 
five patients (three OC and two EC); all responses were 
partial, except one patient with low-grade serous carci-
noma of the ovaries who had a complete response. Of 
the 29 patients with CA125 levels collected over time and 
which were elevated at baseline, nine (31%; five OC and 
four EC) had a decrease in these levels and five (17%; 
four OC and one EC) had at least a 50% decrease in these 
levels from baseline.

Treatment and toxicity
Only the two patients with LGSOC remain on treatment. 
The other 38 patients ended treatment for the following 
reasons: disease progression (76%), AEs (19%), patient 
refusal (3%) and death on study (3%). The median 
(range) number of treatment cycles received was three 
(1 to 28) for patients who completed treatment. online 
supplemental table S2 summarises the observed grade 3 
or higher AEs, regardless of attribution. In all, 24 (60%) 
patients had at least one grade 3 or worse AE and six 
(15%) had at least one grade 4 or 5 AE. Three patients 
had grade 5 AEs unrelated to treatment and it was felt to 
be related to their primary progressing malignancy (one 
grade 5 sepsis; one grade 5 neoplasms; and one grade 5 

Figure 2  Overall survival. Cohort A is the ovarian cancer 
cohort and cohort B is the endometrial cancer cohort. NE, 
not estimated.

Figure 1  Progression-free survival. Cohort A is the ovarian 
cancer cohort and cohort B is the endometrial cancer 
cohort.

Table 2  Subset analysis of PFS

Total Patients PFS ≥24 weeks 11/40 (27.5%)

Ovarian group 4/20 (20.0%)

 � Low-grade serous 3/3 (100.0%)*

 � High-grade serous 1/17 (5.9%)

Endometrial group 7/20 (35.0%)

 � Grade 1 to 2 5/11 (45.5%)

 � High-grade 2/9 (22.2%)

*Patients on treatment for 36+, 30+ and 27 months.
PFS, progression-free survival.

https://dx.doi.org/10.1136/esmoopen-2020-000926
https://dx.doi.org/10.1136/esmoopen-2020-000926
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acute kidney injury). The total grade 3 or higher toxicity 
observed in this trial is similar to the toxicity rates observed 
in the MONALEESA-2 trial of ribociclib and letrozole 
versus letrozole, in which 221/334 (66.2%) of patients in 
the combination arm experienced a grade 3 toxicity and 
50/334 (15%) experienced a grade 4 toxicity.18 The most 
common potentially drug-related grade 3 or worse AEs, 
happening in at least three patients each (8%) included: 
leucopenia (23%), lymphocytopenia (23%), neutropenia 
(15%), fatigue (13%), dehydration (8%), abnormal 
liver function tests (8%) and acute kidney injury (8%). 
The prevalence of grade 3 or higher neutropenia in this 
trial (6/40, 15%) was lower than that observed in the 
MONALEESA-2 trial (198/334, 59.3%).18

PDX coclinical trial
Of 40 consenting patients, 34 underwent successful biop-
sies of metastatic lesions for PDX creation and 16 (47%) 
were successfully engrafted. The engraftment rate was 
69% (11/18) among the EC cohort, 31% (5/16) among 
the OC cohort, 38% (5/13) among those with high-grade 
serous OC, and 0% (0/3) among those with LGSOC. 
All four cases of high-grade endometrioid EC engrafted 
(100%), while only 40% (2/5) of those of high-grade 
serous EC engrafted and 55% (5/9) with grade 1 or 2 
endometrioid EC engrafted. Across all models, the average 
time from tumour injection to first tumour harvest was 
180 days (196 days for EC and 135 days for OC) (online 
supplemental figure S1). Considering that the patients on 
this clinical trial remained on treatment for an average 
of 162 days (EC) and 63 days (OC), the time required 
to create a PDX commonly exceeded the patients’ time 
on study. Indeed, only one model (U1561.010) engrafted 
before the corresponding patient discontinued the trial. 
Due to this time limitation, it was not feasible to use the 
PDX models to determine mechanisms of resistance and 
influence therapeutic options as hoped.32 Nevertheless, 
in vivo studies were performed to better understand 
the benefits of combination therapy over single-agent 
letrozole. To ensure the continued expression of ER 
throughout xenotransplantation and propagation, tissue 
sections were stained from three original patient tumours 
and tumours from the corresponding PDX models 
collected at the completion of in vivo efficacy studies. 
ER expression was preserved without changes in tumour 
histological phenotype, thus supporting the rationale for 
using letrozole in these models (figure 3). Since the EC 
PDX models had a higher engraftment rate and the EC 
cohort responded better overall than those with high-
grade OC, three EC PDX models (U1561.005, U1561.008 
and U1561.010) were tested for clinical effectiveness 
of combination ribociclib and letrozole compared with 
letrozole as a single agent. Time from biopsy to comple-
tion of animal studies included tumour expansion to 
generate sufficient mass for efficacy studies: 594 days for 
model U1561.005, 522 days for model U1561.008 and 
361 days for U1561.010. For comparison, the three corre-
sponding patients remained on the clinical trial for 161, 

57 and 265 days, respectively. Although tumour regres-
sion below baseline was not observed in the three models 
that underwent in vivo studies (figure  4A), tumours 
treated with combination ribociclib and letrozole showed 
a slower progression compared with standard treatment 
(letrozole). However, differences between these groups 
with regard to tumour area change from baseline was 
only observed in model U1561.010 (p=0.017 at 35 days; 
this time point was chosen because mice in the compar-
ator arm, letrozole, did not survive beyond day 35) and 
not for U1561.005 or U1561.008 (p=0.23 at 21 days and 
p=0.92 at 42 days, respectively). Another measure of ther-
apeutic efficacy is animal survival, since strict criteria are 
followed for humane endpoints of tumour burden and 
tumour area. Since animal dropout is not easily visual-
ised by standard tumour growth curves, survival anal-
ysis was performed to determine if ribociclib added to 
the efficacy of letrozole. A statistically significant differ-
ence in survival was observed in models U1561.005 and 
U1561.008 for the combination arm when compared with 
standard treatment (letrozole) (figure  4B). However, 
the improved outcome seen in U1561.005 was largely 
influenced by ribociclib alone, which provided a similar 
change in tumour area (figure 4A) and animal survival 
compared with combination therapy and untreated 
controls (online supplemental figure S2). Consistent with 

Figure 3  ER expression in primary patient samples and 
the corresponding PDX. ER expression was detected 
by immunohistochemistry techniques in primary patient 
samples (left side) and the corresponding PDX models 
(right side). Three examples of endometrial carcinomas 
(U1561.005, U1561.008 and U1561.010) are shown, 
demonstrating both the ER and histological pattern 
preservation across samples. Digital images are captured 
at 70 μm (30×) using ImageScope. PDX, patient-derived 
xenograft; ER, oestrogen receptor.

https://dx.doi.org/10.1136/esmoopen-2020-000926
https://dx.doi.org/10.1136/esmoopen-2020-000926
https://dx.doi.org/10.1136/esmoopen-2020-000926
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the observation that combination of ribociclib and letro-
zole slowed tumour growth, assessment of tumour prolif-
eration determined by qualitative assessment of Ki67 
expression showed reduced staining in tissues exposed to 
the combination therapy when compared with untreated 
controls and single-arm letrozole in models U1561.005 
and U1561.008 (online supplemental figure S3). No 
qualitative differences in terms of Ki67 expression were 
observed in model U1561.010 among the different treat-
ment arms. However, it is notable that this model showed 
a lower expression of Ki67 in treatment-naïve tissue 
samples when compared with the other two models, indi-
cating a lower proliferative state at baseline compared 
with the other models.

DISCUSSION
Our study demonstrates the potential synergism between 
ribociclib and letrozole in patients with relapsed ER-pos-
itive OC or EC. The greatest benefit was seen in LGSOC 
and grade 1 and 2 EC. Previously reported data have 
shown a median PFS of 7 months from AI therapy in 
LGSOC, which supports the possibility of synergism 
between ribociclib and letrozole observed in our three 
patients.33 These three patients obtained a partial or 
complete response that is ongoing for two of them, 
and all three were progression-free and on treatment 
for at least 27 months. Previous reports have described 
a median duration of clinical benefit of anastrozole in 
patients with LGSOC of 9.5 months (in the PARAGON 
trial of 36 patients) and an overall response rate of only 
9% in a retrospective study by Gershenson et al.33 34 These 
findings, together with the low toxicity of the drug combi-
nation, makes ribociclib and letrozole in patients with 
LGSOC a promising treatment, pending confirmatory 

trials. An ongoing trial of letrozole and ribociclib in 
patients with recurrent LGSOC (NCT03673124) is evalu-
ating this regimen for this subset of patients.

No significant clinical activity of this combination was 
observed in the 17 patients with high-grade serous OC 
given the median PFS of 2.8 months and a PFS24 of only 
6%. This may have been due in part to the fact that most 
of these patients were heavily pretreated, which may had 
contributed to resistance to this combination.

The PFS24 of 45.4% observed in the ER-positive 
grade 1 or 2 endometrioid carcinomas, in addition to 
the PDX study results, suggest that ribociclib and letro-
zole is a promising treatment for this subset, pending 
confirmatory trials. The ENGOT-EN3-NSGO/PALEO 
trial (NCT02730429), a randomised phase II trial in 
ER-positive ECs, comparing letrozole versus letrozole and 
palbociclib has completed accrual. The lower PFS24 rate 
(22.2%) seen in the high-grade EC subset may also reflect 
the aggressive biology of these tumours and tumour resis-
tance related to previous treatments. Whether greater 
activity would be seen in high-grade EC patients who were 
not as heavily pretreated or in those with higher level 
expression of ER, should be evaluated in future studies.

The selection of patients with tumours with an ER 
expression of 10% or greater in this trial was arbitrary. 
ER expression of 1% or greater is considered positive in 
breast cancer and amenable for aromatase treatment. 
No established cut-off of ER positivity exists in OCs and 
ECs. Additional studies are needed to determine whether 
there is a significant correlation between response to this 
combination treatment and level of ER expression. A 
schedule of ribociclib at 400 mg daily without interrup-
tion was used instead of the approved schedule used in 
breast cancer of 600 mg daily for 3 weeks on followed by a 

Figure 4  In vivo experiments testing the efficacy of ribociclib and letrozole in three PDX models of recurrent endometrial 
cancer. Three PDX models were tested in vivo for efficacy studies. (A) Tumour growth curves showed that tumour regression 
below baseline was not observed in any of the study arms, although a slower proliferation was observed in the combination 
arm when compared with standard treatment (letrozole) and untreated controls. (B) An overall survival benefit was observed in 
the combination arm when compared with standard therapy (letrozole) in two of three models. PDX, patient-derived xenograft .
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week off, in order to obtain additional data on the tolera-
bility of this schedule. The dose intensity of this schedule 
over a 28-day period is similar to that of the 600 mg 
schedule (total of 1120 mg ribociclib over 28 days versus 
1260 mg over 28 days).

Limitations of our study include the small number of 
cases of LGSOC, the heavily pretreated nature of most 
tumours and the non-randomised nature of this trial. 
Our results suggest that future trials of ECs should stratify 
for grade, given the marked differences in outcomes 
observed in these subsets.

Our study also demonstrates a relatively high rate of 
successful PDX models from biopsy specimens (47%), 
confirming our previous findings in OC and extending 
them to EC.35 The success of engraftment is determined 
largely by the amount of tissue available; therefore, it is 
higher when tissue is obtained from surgical procedures 
(74%).21 Coclinical trials with PDX models have been 
proposed as a tool to discover mechanisms of resistance 
to therapies that could be used to adjust therapy for the 
patient from whom the PDX was derived.30 Despite the 
good engraftment rates, our study highlighted one of the 
limitations of coclinical trials using ovarian and uterine 
cancer PDX models; that is, the relatively long time 
needed to complete in vivo studies. It has been widely 
described that xenograft models can take long periods of 
time to grow while the disease in the patient might prog-
ress in a relatively short period of time.36 In our study for 
example, the completion of the three in vivo experiments 
occurred an average of 492 days after the biopsy, while the 
three patients remained on trials for an average number 
of 161 days. As such, a PDX coclinical trial attempting to 
use PDX response data to impact an individual patient’s 
treatment would be challenging. However, the coclinical 
trial strategy still provides an interesting platform for the 
identification of biomarkers of response and the assess-
ment of therapeutic benefit of novel combinations. In our 
study, the PDX model data showing a noteworthy prolon-
gation of survival in two of three endometrial models 
further supports the clinical activity of this combination. 
PDXs will also allow us to generate resistant tumours and 
investigate the molecular basis for this resistance.

CONCLUSION
Combination ribociclib and letrozole is associated 
with a promising 50% 12-week PFS rate in relapsed 
ER-positive OC and a 55% 12-week PFS rate in patients 
with relapsed ER-positive EC, meeting the primary 
endpoint of the trial. The benefit of this combination 
treatment was most noticeable in patients with ER-pos-
itive recurrent LGSOC, with three of three patients 
achieving a partial or complete remission lasting at 
least 27 months, and two of three patients still on treat-
ment. Also, 45% of the patients with relapsed ER-posi-
tive grade 1 or 2 endometrioid EC obtained substantial 
benefit with no evidence of progression for at least 24 
weeks. Patients with high-grade serous OC and grade 

3 EC did not obtain clinically significant benefit from 
this treatment. Mild drug-related toxicity was observed, 
consisting mainly of reversible myelosuppression. 
Creation of xenograft tumour models from imaging-
guided biopsies of OC and EC tumours was feasible, 
with evidence of demonstrable survival benefit of the 
combination treatment in the EC PDX models.
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