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ABSTRACT

ARTICLE HISTORY

Randomized controlled trials (RCTs) are typically conducted in highly selected patient populations
to ideally demonstrate unconfounded clinical efficacy of a drug. In the real world, there may be
confounding factors, such as comorbidities or less frequent monitoring. It has therefore become
standard practice in many countries to validate findings from RCTs against available real-world
datasets. The present analysis investigated a real-world evidence (RWE) cohort of Bulgarian
patients treated with ribociclib in combination with letrozole or fulvestrant and compared the
clinical benefit rate (CBR, defined as complete remission [CR] or partial remission [PR] or stable
disease [SD]) and progression-free survival (PFS) and overall survival (OS) with pivotal RCTs. Data
from 812 patients treated between 2018 and 2022 were used. The number of patients at risk was
statistically robust to compare PFS and OS during the earlier periods of the real-world data
analysis with the corresponding RCTs. Baseline characteristics (age, hormone receptor status,
status of newly diagnosed vs. existing, previous treatments, performance status and tumor stage)
were largely comparable between the RWE cohort and the RCTs. The RWE cohorts corroborated
RCT findings of a CBR benéefit of the ribociclib plus letrozole or fulvestrant combination compared
to letrozole or fulvestrant alone. In the periods of adequate statistical robustness, PFS and OS
were comparable within 95% confidence intervals (Cls) with RCT findings. This analysis found that
patients with comparable characteristics use ribociclib in the real-world similarly to what has
been investigated in the RCTs. Real-world effectiveness and outcomes of ribociclib combination
therapy were comparable with observations from RCTs.
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Introduction

Breast cancer is the most prevalent cancer among
women and the second leading cause of cancer-related
mortality [1,2]. According to the European Network of
Cancer Registries, there were 355,457 new breast can-
cer cases in the EU-27 in 2020, representing 13.3% of
all new cancer cases and 28.7% of all new cancers in
women; 91,826 affected women died [3]. These num-
bers are in line with the prevalence in Bulgaria, with
4061 new cases in 2020, representing 11.1% of all new
cancers and 25.5% of new cancers in women [4].

Besides the tremendous impact on the lives of the
affected women and their families, breast cancer rep-
resents a substantial public health challenge. The
five-year survival of breast cancer patients in the EU-27
shows a regional difference with highest survival rates
in Northern and Western Europe and the lowest in
Eastern Europe, including Bulgaria. Differences in
healthcare expenditure and resulting quality of
diagnosis and treatment were proposed as explana-
tions for the observed differences in survival on a
national level [3].
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There have been significant advancements in the
treatment of breast cancer over the years, largely due
to a better understanding of pathological subtypes
and the development of a number of corresponding
targeted therapies. Cyclin-dependent kinase 4 or 6
(CDK4/6) are mediators of cell cycle transition from G1
to S phase and are thus important for cancer growth
and survival [5,6]. The introduction of CDK4/6 inhibi-
tors has improved the prognosis for women with met-
astatic hormone receptor-positive, human epidermal
growth factor receptor 2 (HER2)-negative breast can-
cer, leading to enhanced progression-free survival
(PFS), overall survival (OS) and clinical benefit rates
(CBR) [7]. The European and national guidelines [8,9]
therefore recommend the combination of endocrine
therapy and CDK4/6 inhibitors as first-line systemic
therapy in such patients. Three CDK4/6 inhibitors, pal-
bociclib, ribociclib and abemaciclib, have received
approval from the European Medicines Agency (EMA)
[10-12] and are available on the Bulgarian pharmaceu-
tical market all CDK4/6 inhibitors have been included
in the Bulgarian Positive Drug List (PDL), with a
requirement for monitoring their effectiveness in
real-world practice. This monitoring requirement is
mandated for new medicines with insufficient data on
therapeutic effectiveness or unclear cost-effectiveness
for the national healthcare system [9].

Randomized, controlled trials (RCTs), such as PALOMA
[13,14], MONALEESA [15-22] and MONARCH [23,24], have
shown significant PFS and OS benefits in metastatic
breast cancer. Complementing RCT evidence, real-world
evidence (RWE) provides valuable insights into the utiliza-
tion and effectiveness of therapies in unselected patient
populations in routine clinical practice.

The objective of this study was to perform a com-
prehensive analysis of real-world data (RWD) from the
Bulgarian population. This analysis involved utilizing
deep learning natural language processing algorithms
(NLPs) to extract and normalize clinical data from
Electronic Health Records (EHRs) of breast cancer
patients who were undergoing ribociclib treatment.
The study aimed to compare these findings with the
primary endpoints of RCTs [25].

Subjects and methods
Ethical considerations

This study was based on secondary usage of ano-
nymized data using a hospital-integrated software.
Ethics committee approval or patient informed con-
sent was not required for this type of research as per
local Bulgarian regulations.

Data sources

The RWD source for this study consisted of EHRs from
57 university, multispecialty and oncology hospitals in
Bulgaria and included both reimbursed and donated
therapy prescriptions. Data were extracted from both
structured and unstructured free-text via NLP
Algorithms. Data analysis was conducted using the
Danny Platform (Sqilline Health, Sofia, Bulgaria; https://
sqgilline.com/products/danny-platform/), an analytic
platform that integrates massive amounts of RWD
mainly from EHRs with embeded Machine Learning
(ML) and NLP algorithms enabeling extraction of free
text data from different languages to ensure high data
quality.

The retrospective analysis included data from the
period of 1 January 2018 to 31 December 2022.

The RCTs used for comparison were MONALEESA-2
[15-17] and MONALEESA-3 [19-21]. Both trials investi-
gated postmenopausal women with hormone
receptor-positive and HER2-negative advanced and/or
recurrent metastatic breast cancer who had relapsed
from initial therapy within 12 months. The MONALEESA-2
trial investigated the efficacy of ribociclib in combina-
tion with letrozole vs. letrozole plus placebo.
MONALEESA-3 evaluated the efficacy of ribociclib in
combination with fulvestrant vs. fulvestrant plus placebo.

Inclusion and exclusion criteria

The present RWE study included patients comparable
to MONALEESA-2 and MONALEESA-3. Patients aligning
with the MONALEESA-2 cohort received first-line letro-
zole plus ribociclib therapy or had second-line letro-
zole plus ribociclib therapy with prior first-line letrozole
monotherapy for a duration of less than 6 months. The
RWE control group aligning with the MONALEESA-2
placebo group consisted of first-line letrozole mono-
therapy. Patients aligning with the MONALEESA-3
cohort were those who received first-line ribociclib in
combination with fulvestrant or second-line fulvestrant
plus ribociclib therapy. The RWE control group com-
paring with the MONALEESA-3 placebo group con-
sisted of patients receiving first-line fulvestrant
monotherapy.

Patients who had received more than one course of
ribociclib were excluded from the analysis.

Outcome measures

The present RWE study investigated several endpoints
to evaluate treatment outcomes, including PFS (defined
as probability of receiving treatment during the period
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of observation without disease progression or censor-
ing for reason other than death), OS (defined as prob-
ability of receiving treatment during the period of
observation without censoring for death from any
cause), and CBR (defined as complete remission plus
partial remission [CR+PR] plus stable disease [SD]).

Statistical considerations

The Wilson score method was utilized to calculate 95%
confidence intervals (Cls) for binomial variables. Hazard
ratios (HRs) were calculated to estimate the relative
effectiveness of the experimental groups (i.e. ribociclib
plus letrozole or fulvestrant, respectively) and control
groups (i.e. letrozole or fulvestrant monotherapy,
respectively). Cox regression models were used to cal-
culate HRs based on RWE, in alignment with the cor-
responding RCTs, to enable comparison. OS and PFS
survival functions were estimated using the Kaplan-
Meier (KM; product-limit) estimator, with Cls calculated
using Greenwood’s method. To compare treatment
outcomes in RWE and RCTs, weighted survival analysis
was employed. This analysis aimed at addressing
potential biases arising from differences in baseline
characteristics between the two groups. The iterative
proportional fitting (IPF) algorithm [26] was used to
balance selected characteristics before conducting sur-
vival analyses. IPF adjusts the underlying distributions
based on target distributions, ensuring a balanced
comparison. In this study, characteristics, such as ECOG
status, ER status, PR status, age, newly diagnosed sta-
tus, prior chemotherapy (CTx) history, and prior hor-
monal therapy history were considered for IPF
weighting. IPF derives weights for a given characteris-
tic to adjust the underlying distributions in order to
match a target distribution.

Results
Patient disposition

Overall, there were 812 patients in the real-world data-
set who were treated with ribociclib. The RWE cohort
comparable to MONALEESA-2 consisted of 189 patients
(n=177 first-line letrozole plus ribociclib, n=12 had
second-line letrozole plus ribociclib). The RWE control
group mirroring the MONALEESA-2 placebo group
consisted of 118 patients.

The RWE cohort comparable to MONALEESA-3 con-
sisted of 123 patients (n=120 first-line fulvestrant plus
ribociclib and n=3s-line fulvestrant plus ribociclib).
The RWE control group equivalent to the MONALEESA-3’
placebo group consisted of 82 patients.
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Supplemental Table S1 shows the distribution of
patients across the years of the study period.

Patient demographics and disease characteristics

RWE vs. MONALEESA-2

Age and hormone receptor status were comparable
between the RWE cohort and the MONALEESA-2 RCT.
However, the percentage of newly diagnosed patients
was higher in the RWE cohort (47.1%) compared to
the RCT (34.1%). The RWE cohort had slightly more
severe ECOG status and TNM stages were more broadly
distributed. Fewer patients in the RWE cohort had
prior adjuvant or neoadjuvant chemotherapy or endo-
crine therapy (Supplemental Table S2).

RWE vs. MONALEESA-3

Age, hormone receptor status and the ratio of newly
diagnosed vs. existing patients were comparable
between the RWE cohort and MONALEESA-3. The RWE
cohort had slightly more patients with ECOG 1 and
TNM stages were more broadly distributed. Fewer
patients in the RWE cohort had prior adjuvant or neo-
adjuvant chemotherapy, while prior endocrine therapy
use was similar (Supplemental Table S3).

Clinical benefit rate

RWE vs. MONALEESA-2

In the RWE cohort, 42 patients (22.2%) had no response
assessments recorded at the time of data extraction. In
MONALEESA-2, 82 patients (24.5%) did not have a
response assessment (i.e. were non-CR-non-progressive
disease [NCRNPD] or unknown). Of the patients with
response assessments, the CBR was 90.5% (95% Cl:
84.7-94.2%) in the RWE cohort compared with 92.1%
(95% Cl: 88.1-94.8%) in MONALEESA-2.

RWE vs. MONALEESA-3

In the RWE cohort, 37 patients (30.1%) had no response
assessment, whereas in MONALEESA-3, 118 patients
(24.4%) had no response assessment (i.e. were NCRNPD or
unknown). Of the patients with a response assessment,
the CBR was 82.6% (95% Cl: 73.2—89.1%) in the RWE
cohort and 86.9% (95% Cl: 83.0—90.0%) in MONALEESA-3.

Progression-free survival

RWE vs. MONALEESA-2
In the RWE cohort, the median PFS was 204 (95% Cl:
12.1 - not estimable [NE]) months (Figure 1(A)) at a
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median duration of ribociclib treatment of 6.8months
(207d). PFS rates over time are shown in Supplemental
Table S4(A). In MONALEESA-2, the median PFS was 25.3
(95% Cl: 23.0-30.3) months at a median duration of
follow-up of 26.4months. During the period of observa-
tion, 64 patients (33.9%) progressed in the RWE cohort,
whereas 140 patients (41.9%) progressed in MONALEESA-2.

The weight-adjusted HR of PFS in the RWE group
receiving ribociclib plus letrozole vs. letrozole

monotherapy (Figure 1(B)) was 0.52 (95% Cl: 0.35-
0.77). In MONALEESA-2, the HR for PFS of ribociclib
plus letrozole vs. letrozole plus placebo was 0.57 (95%
Cl: 0.46-0.70). In the RWE cohort, all subgroups of age,
ECOG, and hormone receptor status tended to favor
ribociclib-based treatment. The 95% Cls for ECOG 0
and estrogen/progesterone receptor-negative status
spanned 1.0 and the HR was therefore not statistically
significant.

Figure 1. Progression-free survival — RWE cohort vs. MONALEESA-2 (17). (A) Kaplan—Meier estimates. The tick marks represent
censored patients; the shaded area represents 95% Cl. (B) Weight-adjusted hazard ratio, ribociclib +letrozole (n=189) vs. letrozole
monotherapy (n=118). Drug: ribocilib + letrozole; Baseline: letrozole monotherapy; ECOG: Eastern Cooperative Oncology Group; ER:
estrogen receptor; PR: progesterone receptor; +: positive; —: negative.
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RWE vs. MONALEESA-3

In the RWE cohort, the median PFS was NE (95% Cl:
9.0months — NE) (Figure 2(A)) at a median duration of
ribociclib treatment of 5.9months (179d). The PFS
rates over time are shown in Supplemental Table S4(B).
In MONALEESA-3, the median PFS was 20.5 months
(95% Cl: 18.5—-23.5) at a median duration of study
drug exposure of 15.8months. Disease progression

BIOTECHNOLOGY & BIOTECHNOLOGICAL EQUIPMENT e 5

was observed in 33 patients (26.8%) in the RWE cohort
and 210 patients (43.38%) in MONALEESA-3.

The weight-adjusted HR of PFS in the RWE group
receiving ribociclib plus fulvestrant vs. fulvestrant
monotherapy (Figure 2(B)) was 0.64 (95% Cl: 0.35-1.18).
In MONALEESA-3, the HR for PFS of ribociclib plus ful-
vestrant vs. fulvestrant plus placebo was 0.73 (95% Cl:
0.59-0.90) at a median of 56.3 months of follow-up. In

Figure 2. Progression-free survival — RWE cohort vs. MONALEESA-3 (19). (A) Kaplan—Meier estimates. The tick marks represent
censored patients; the shaded area represents 95% Cl. (B) Weight-adjusted hazard ratio, ribociclib +fulvestrant (n=123) vs. fulves-
trant monotherapy (n=82). Drug: ribocilib +fulvestrant; Baseline: fulvestrant monotherapy; ECOG: Eastern Cooperative Oncology
Group; ER: estrogen receptor; PR: progesterone receptor; +: positive; —: negative.
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the RWE cohort, all subgroups of age, ECOG and hor-
mone receptor status (except ECOG — 1) tended to
favor ribociclib-based treatment. For all but two sub-
groups (age < 65years, ECOG 0), the 95% Cls spanned
1.0 and the HR was, therefore not statistically
significant.

Overall survival

RWE vs. MONALEESA-2

In the RWE cohort, OS was NE (95% Cl: 29.1 months —
NE) (Figure 3(A)) at a median duration of follow-up of
15.2months. The OS rates over time are shown in
Supplemental Table S5(A). In  MONALEESA-2 the
median OS was 63.9 (52.4—71.0) months at a median
follow-up of 80 months. During the period of observa-
tion, 40 patients (21.2%) died in the RWE cohort,
whereas 181 patients (54.2%) died in MONALEESA-2.

RWE vs. MONALEESA-3

In the RWE cohort, the median OS was NE (95% Cl:
20.8months - NE) (Figure 3(B)) at a median duration
of follow-up of 12.3months. The OS rates over time
are shown in Supplemental Table S5(B). In
MONALEESA-3, the median OS was 53.7 (95% Cl: 46.9
- not reached [NR]) months at a median follow-up of
56.3months. In the RWE cohort, 20 patients (16.3%)
died compared with 222 (45.9%) in MONALEESA-3.

Discussion

This analysis compared the outcomes of patients
receiving ribociclib in combination with letrozole or
fulvestrant in Bulgarian clinical practice with the
respective  RCTs ~ MONALEESA-2  [15-17] and
MONALEESA-3 [19-21], overall and by subgroup. This
analysis found adequate effectiveness of ribociclib
combination therapy in the unselected Bulgarian
real-world population.

For the combination of ribociclib with letrozole, the
CBR was similar in the RWE cohort compared to the
RCT (90.5 vs. 92.1%). The KM PFS curves were compa-
rable (i.e. the median PFS of the RCT resided within
the ClI of the PFS of the RWE cohort) up to month 16
(60% vs. approx. 68%), after which time the number of
patients at risk in the RCT became very small. The KM
OS curves were similar up to month 6 (95% vs. approx.
98%), after which timepoint the KM curve of the RWE
cohort steadily declined to below the placebo group
of the RCT.

For the combination of ribociclib with fulvestrant,
the CBR was somewhat lower than in the RCT (82.6 vs.

86.9%). The KM curve for PFS in the RWE cohort was
similar to the MONALEESA-3 RCT throughout the
period of observation, but the number of patients at
risk in the RWE cohort steadily decreased and fell
below 20 at 16 months. The KM curve for OS in the
RWE cohort was similar to the RCT up to month 16
(86 vs. 89%), and steeply dropped thereafter due to
the low number of patients at risk for OS in the RWE
cohort. The proportion of progressed (26.8% vs. 43.4%)
or deceased (16.3 vs. 45.9%) patients was lower in the
RWE cohort compared to the RCT. This is probably due
to the vast difference in the duration of follow-up,
which allowed a substantially longer time in the RCT
for events to occur, compared to the RWE cohort.

Studies investigating the effectiveness of ribociclib
in routine clinical practice are available from Brazil
[27], Spain [28,29] and Greece [30]. These real-world
studies consistently found that ribociclib was effective
in routine clinical practice. PFS and OS data vary
strongly between studies; however, OS data were not
provided for the Brazilian and Spanish studies, and the
duration of treatment and follow-up was mostly not
provided for the real-world studies and tended to be
very long in the RCTs.

The Brazilian study was conducted in patients with
hormone receptor-positive, HER2-negative metastatic
breast cancer who received a CDK4/6 inhibitor [27].
The patients receiving ribociclib (n=42), mostly
received a combination with letrozole (n=29, 69.0%)
or fulvestrant (n=11, 26.2%), mostly in first metastatic
treatment line (n=33, 78.6%). In this setting, the
patients receiving a ribociclib-based regimen, had a
CBR of 95.2% and a median PFS of 28 (95% ClI:
13.1-42.9) months. OS was not analysed in the
Brazilian study.

Data from Spain were reported by Fernandez-Cuerva
et al. [29] and Garcia-Trevijano Cabetas et al. [28].
Fernandez-Cuerva et al. [29] primarily investigated the
ribociclib safety in 53 patients with hormone
receptor-positive, HER2-negative metastatic breast can-
cer. They found a median PFS, defined as the time
from start of treatment to the date of last contact,
death or start of the subsequent treatment) of 27.3
(95% Cl: 20.8—71.8) months; OS was not assessed.
Garcia-Trevijano Cabetas et al. [28] assessed the
effectiveness of CDK4/6 inhibitors in hormone
receptor-positive metastatic breast cancer patients. The
28 patients receiving ribociclib mostly received the
drug in first-line (67.9%) where it was administered in
combination with letrozole (n=24), fulvestrant (n=3)
and exemestane (n=1). During the period of observa-
tion of that study, the median PFS was NR in patients
receiving ribociclib. The PFS rates were 78.6% and
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Figure 3. Overall survival — estimates. (A) RWE cohort vs. MONALEESA-2 (18). (B) RWE cohort vs. MONALEESA-3 (20). The tick
marks represent censored patients; the shaded area represents 95% Cl.

68.9% among the patients receiving ribociclib at 12
and 18 months. OS was not mature at the time of the
data cut.

The Greek study [30] reported data from 64 patients
with advanced hormone receptor-positive, HER2-
negative breast cancer who received a CDK4/6 inhibi-
tor in combination with endocrine therapy (the distri-
bution of letrozole and fulvestrant is not detailed by
type of CDK4/6 inhibitor), at any line of treatment.
They found a median PFS of 13.5 (95% CI: 11.1-18.1)

months and a median OS of 29.9 (95% Cl: 23.0-
NR) months.

The comparison of RWE and RCTs in the present
real-world setting in Bulgaria has some limitations.
The duration of treatment and duration of follow-up
in the RWE cohort was limited by the window of
observation of the study. The RWE cohort observed
patients with differing durations of treatment and
follow-up, depending on the timepoint of treatment
start and availability for observation of each individual
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patient during the observed period of 1 January 2018
to 31 December 2022 (see Supplemental Table S1).
The duration of follow-up in the RWE cohort was
therefore substantially shorter than in the correspond-
ing RCT populations, which has a large impact on the
analysis of PFS, OS and death rates. In Bulgarian
real-world clinical practice, routine follow-up and out-
comes assessment is often not conducted at the fre-
quency (routinely approximately every 6 months) and
level of accuracy which is standard for RCTs. Therefore,
there may be a discrepancy in the documented out-
come and partial remissions may be classified as SDs
or vice versa and best response may not be ade-
quately captured. In our analysis, we observed similar
CBRs in the RWE as compared to MONALEESA-2 and
MONALEESA-3, but the partial remission rates were
consistently lower and the SD rates were consistently
higher than reported for the RCTs (data not shown). It
is assumed that these differences arise from the qual-
ity of imaging available to doctors in the real-world,
or may be consistent with a clinical goal of disease
stabilization in the advanced/metastatic setting. A cer-
tain degree of selection bias might have been intro-
duced by excluding all patient records that had
missing data. However, these numbers were small (of
209 eligible patients for comparison  with
MONALEESA-2, 189 were included; of 146 patients eli-
gible for comparison with MONALEESA-3, 123 were
included) and are not considered to impact the over-
all results or our study.

Our patient cohort was retrieved from 57 university,
multispecialty and oncology hospitals in Bulgaria. This
breadth of data sources suggests a high degree of
generalizability of our findings to the wider Bulgarian
clinical practice.

Conclusions

Patients receiving ribociclib in combination with letro-
zole or fulvestrant in the real-world clinical practice
seem to be able to attain acceptable CBR, PFS and OS,
while noting that available real-world data is heteroge-
neous in terms of patient population and outcomes.
The shorter duration of treatment and follow-up obser-
vation in the RWE setting, the smaller number of
patients at risk beyond certain time points, and some
discrepancies in the way outcome parameters are
assessed in clinical practice, limit the robustness of
some comparisons. Further research and validation are
needed to better understand these differences and
ensure the reliability of RWE in evaluating treatment
outcomes.
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