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Purpose: Treatment with CDK4/6 inhibitors and endocrine therapy (CDK4/6i þ ET) is a standard for
patients with advanced hormone receptorepositive, HER2-negative (HR þ HER2e) breast cancer (BC).
However, real-world data on the implementation of therapy usage, efficacy, and toxicity have not yet
been reported.
Methods: The PRAEGNANT registry was used to identify advanced HR þ HER2e BC patients (n ¼ 1136).
The use of chemotherapy, ET, everolimus þ ET, and CDK4/6i þ ET was analyzed for first-line, second-line,
and third-line therapy. Progression-free survival (PFS) and overall survival (OS) were also compared
between patients treated with CDK4/6i þ ET and ET monotherapy. Also toxicity was assessed.
Results: CDK4/6i þ ET use increased from 38.5% to 62.7% in the first 2 years after CDK4/6i treatment
became available (November 2016). Chemotherapy and ET monotherapy use decreased from 2015 to
2018 from 42.2% to 27.2% and from 53% to 9.5%, respectively. In this early analysis no statistically sig-
nificant differences were found comparing CDK4/6i þ ET and ET monotherapy patients with regard to
PFS and OS. Leukopenia was was seen in 11.3% of patients under CDK4/6i þ ET and 0.5% under ET
monotherapy.
Conclusions: In clinical practice, CDK4/6i þ ET has been rapidly implemented. A group of patients with a
more unfavorable prognosis was possibly treated in the real-world setting than in the reported ran-
domized clinical trials. The available data suggest that longer follow-up times and a larger sample size
are required in order to identify differences in survival outcomes. Studies should be supported that
investigate whether chemotherapy can be avoided or delayed in this patient population by using CDK4/
6i þ ET.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

For patients with hormone receptorepositive, HER2-negative
(HRþ/HER2e) advanced breast cancer (ABC) combination thera-
pies with CDK4/6 inhibitors and endocrine treatment (CDK4/
6i þ ET) have improved the progression-free survival (PFS) in
several therapy lines and in premenopausal and postmenopausal
patients in comparison with ET monotherapies (ETmono), as shown
in several randomized controlled trials (RCTs; summarized in
Refs. [1]). The median PFS increased in all of these studies, with
hazard ratios of 0.5e0.6 in favor of the CDK4/6i combination
therapies. In three of these trials also an improved overall survival
(OS) could be shown [2e4] and in another study a trend to an
improved OS was seen [5].

The data for CDK4/6i þ ET are from prospective RCTs that
excluded patients who either required chemotherapy or had
certain co-morbidities. Only the studies Paloma-3 andMonaleesa-7
allowed chemotherapies before study entry [2,6]. Furthermore
treatment in the clinical trials was restricted to first and second line
endocrine treatment. Few data are available on the usage of CDK4/
6i þ ET in routine clinical practice. In general, combination treat-
ment with CDK4/6i þ ET competes on the one hand with ETmono,
possibly for patients with an extremely good prognosis; and on the
otherwith chemotherapy if a rapid treatment response is needed. It
has been shown from real-world registries that patients who are
treated with ETmono in the first-line metastatic setting usually have
a clearly more favorable prognosis than patients who are treated
with chemotherapy [7,8]. Chemotherapy has been reported to be
administered in 20e40% of HRþ/HERe metastatic BC patients as a
first-line therapy [8e11].

Real-world data has been increasingly used to address several
clinical questions. Results from those analyses are highly depen-
dent on the quality of the data that is used [12]. With regard to
CDK4/6i therapies, there have been reports from an extended ac-
cess program in heavily pretreated patients [13], from a retro-
spective anaylsis within a U.S. hospital system [14], and a
retrospective market research anaylsis [15]. In addition to those
analyses our registry captures all patients prospectively and might
be able to provide data, how CDK4/6i were introduced in the
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treatment of ABC as well as prospectively captured survival data.
The aims of this analysis were therefore to describe treatment

patterns and outcomes with CDK4/6i þ ET in routine clinical
practice around the period it was introduced, and to report early
efficacy and safety data in comparison with patients receiving
ETmono.

2. Patients and methods

2.1. Patients

PRAEGNANT (NCT02338167 [16]) is an ongoing, prospective BC
registry with documentation procedures similar to those for clinical
trials. Patients can be included at any time point or therapy line
during their disease. Within the PRAEGNANT registry, therapy lines
are counted regardless of their nature (i.e. whether the therapy line
was a chemotherapy, an endocrine therapy or another anti-cancer
treatment). All of the patients have provided written informed
consent and the study has been approved by the relevant ethics
committees.

From July 2014 to May 2019, 3144 patients with ABC were
registered at 54 study sites. For the current analysis, patients were
excluded in the following hierarchical order: unknown hormone
receptor status (n ¼ 111), unknown HER2 status (n ¼ 146), male
patients (n ¼ 34), and missing treatment information (n ¼ 37). Of
the remaining 2816 patients, 1803 had HRþ HERe tumors (Fig. S1).
The following groups were defined from among these patients:

� A treatment pattern analysis was performed to describe the
distribution of therapies (chemotherapy vs. ETmono vs.
everolimusþ ET vs. CDK4/6iþ ET) for each year before and after
the introduction of CDK4/6i in Germany (November 2016). This
information was available for 840 patients in first-line treat-
ment, 698 patients in second-line treatment, and 541 patients in
third-line treatment. Most of the patients who were not
included in this analysis had started the corresponding treat-
ments before November 2014.

� For efficacy analyses, all possible therapy sequences allowing
comparison between CDK4/6i þ ET and ETmono were defined for

http://creativecommons.org/licenses/by-nc-nd/4.0/
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each of the first three treatment lines (Table S1). In this context,
659 additional patients were excluded (reasons: treatment in
clinical trials with CDK4/6i, inconsistent therapy documenta-
tion, not matching a treatment scenario). Treatment compari-
sons were performed separately for each therapy line. Patients
who were not being treated with CDK4/6i were also able to take
part in the relevant subsequent treatment line analysis. Patients
receiving everolimus were excluded from the therapy line in
which it was given.

� For a safety analysis, only selected study sites were included in
the analysis that passed the quality control for this feature (41
out of 54 sites). The final patient population for this comparison
consisted of 141 patients with CDK4/6i þ ET and 184 patients
with ETmono.
2.2. Materials

The data were collected by trained staff and documented in an
electronic case report form [16]. Data are monitored using auto-
mated plausibility checks and on-site monitoring. Data not usually
documented as part of routine clinical work are collected pro-
spectively using structured paper questionnaires (summarized in
Table S2). Toxicity was documented in the same way in which a
clinical trial would report an adverse event or severe adverse event,
using the National Cancer Institute Common Terminology Criteria
for Adverse Events (CTCAEv4.0).

The definitions of hormone receptors, HER2 status, and grading
that were used have been described previously [11]. Briefly, if a
biomarker assessment of the metastatic site was available, this
receptor status was used for this analysis. Otherwise, the latest
biomarker results were used. If any information was missing, all
patients treated with ET in the metastatic setting were assumed to
be HRþ and all patients who had ever received anti-HER2 therapy
were assumed to be HER2þ.

2.3. Statistics

Primary study aim was to compare endocrine therapies (CDK4/
6iþ ET versus endocrinemonotherapy) with regard to progression-
free survival in three different scenarios. Progression-free survival
was defined from the date of therapy begin to the earliest date to
disease progression (distant-metastasis, local recurrence, or death
from any cause) or the last date known to be progression-free. It
was censored at 3 years, and it was left-truncated for time to enter
the study if the entry was after therapy begin. Survival rates with
95% confidence intervals (CIs) and median survival time were
estimated for both ET groups of interest using the Kaplan-Meier
product limit method. The 95% CI of median survival time was
computed using the method of Brookmeyer and Crowley [17].

Unadjusted hazard ratios (HRs) for CDK4/6i þ ET versus ET
monotherapy, one for each scenario, were obtained from simple
Cox regression models. Adjusted HRs for CDK4/6i þ ET versus ET
monotherapy were estimated using a multivariable Cox regression
model with predictors that might have an influence either on sur-
vival or on therapy choice of the physician: age (continuous), time
from primary diagnosis to metastasis (continuous), tumor grade
(G1/G2 versus G3), ECOG (ordinal), endoctrine therapy (categorical;
AI, FUL, other), metastasis pattern (categorical; brain, visceral, bone
only, others), number of previous chemotherapies, and number of
comorbidities.

As sensitivity analysis, a backward stepwise variable selection
which kept the predictor endocrine therapy was performed to get a
second set of adjusted HRs that regarded fewer but possibly only
the most influential predictors. Patients with missing survival
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information or missing endocrine therapy information were
excluded. Missing values at other predictors were imputed, and
continuous predictors were used as natural cubic spline functions,
as done in Salmen et al. [18]. The proportional hazards assumptions
were checked using the GrambscheTherneau method.

Further sensitivity analyses were performed. Survival analyses
similar to the main analysis were carried out in patients which
were treated after November 2016, the date when CDK4/6i was
approved. Survival analyses were performed once more in CDK4/
6i þ ET patients treated after November 2016 and monotherapy
patients treated before November 2016 to address the problem of
unobserved decision rules for or against a specific antihormone
therapy when both therapies of interest were available at the same
time. Since the number of patients and thus the number of events is
smaller here than in the main analyses, the HRs were adjusted only
for the selected predictors of the main analysis.

Secondary study aim was to explore the effect of these anti-
hormone therapies on overall survival. Analyses similar to the
progression-free survival analyses were carried out. Due to the
small number of events (i.e., deaths), HRs were adjusted only for
age and grade, and sensitivities analyses with restricted study
population were carried out without adjustment.

All of the tests were two-sided, and a P value < 0.05 was
regarded as statistically significant. Calculations were carried out
using the R system for statistical computing (version 3.4.1; R
Development Core Team, Vienna, Austria, 2017).

3. Results

Treatment patterns in the first to third lines are shown in Fig. 1.
After CDK4/6i became available in Germany (November 2016), its
usage in first-line treatment increased from 44% to 64% during the
next 2 years. CDK4/6i usage in the second line remained around the
same, at approximately 40%. In the third line, after an initial peak
(z40%), the percentage of patients receiving CDK4/6i decreased to
27%. The use of chemotherapy in first-line treatment decreased
considerably over the years, and ETmono was drastically reduced.
There were no differences in treatment patterns between large
cancer centers, smaller centers, and oncology community practices
(Figs. S2eS3).

Efficacy analyses were conducted in three settings: first-line,
second-line, and third-line (Fig. S1). In all of the therapy lines, pa-
tients treated with CDK4/6i þ ET were approximately 2e3 years
younger. In the first line, they had a slightly higher grading and in
the second and third lines generally a lower grading. Also it should
be noted that during the observation period of our study patients
treated in the first line setting had a better performance status
(ECOG) compared to patients treated with ETmono. In later therapy
lines there were no major differences concerning performance
status. The most common combination partners for CDK4/6i in the
first line were aromatase inhibitors (66.7%), while the frequency of
fulvestrant as the combination partner increased from first to third
line from 33.3% to 68.3% (Table S3).

The median observation times for patients without progression
were 11.8, 11.9, and 9.0 months in the first-line, second-line, and
third-line analyses, respectively. In the first line, the median PFS
was 16.6 months (95%CI, 10.9e22.6) for ETmono, while the median
PFS was for patients treated with CDK4/6i þ ET was 24.7 months
(95%CI, 11.9-NA [upper 95% CI not reached]). In the second line, the
median PFS figures were 8.7 months for ETmono(95%CI, 6.0e11.5)
and 7.8 months for patients with CDK4/6i þ ET therapy (95%CI,
5.8e15.4). In the third line, the corresponding figures were 4.7
months (95%CI, 3.4e8.3) and 4.2 months (95%CI, 3.0e14.5). For OS,
most of the median survival times were not yet reached. Survival
estimates are summarized in Table S4 and KaplaneMeier curves are



Fig. 1. Therapy use among HER2-negative, hormone receptorepositive patients
treated (a) in the first-line setting (n ¼ 840), (b) in the second-line setting (n ¼ 698),
and (c) in the third-line setting (n ¼ 541). CDK4/6i, CDK4/6 inhibitors; ET, endocrine
therapy.
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shown in Fig. 2.
Cox regression analyses were performed in order to take im-

balances in patient characteristics into account. With regard to PFS,
adjusted hazard ratios for the first, second, and third lines were
0.87 (95%CI: 0.58e1.32), 0.84 (95%CI:0.57e1.24), and 0.83 (95%
CI:0.51e1.35), respectively (Table 1a). The hazard ratios for OS are
shown in Table 1b.

In addition to adjustment of the comparison, two sensitivity
analyses were conducted (see statistics section). The results of
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these analyses are shown in Tables S5eS8 and Figs. S4eS7. The
results were similar to those of the primary analysis. However, the
sensitivity analyses showed a high degree of variability with regard
to some results d e.g., in the unadjusted analysis for the third-line
metastatic setting, the hazard ratio varied between 0.96 in the total
population (Table 2a), 0.67 in sensitivity analysis 1 (Table S5a), and
1.11 in sensitivity analysis 2 (Table S7a). None of the hazard ratios
achieved statistical significance.

Fatigue, leukopenia, and nausea were the most frequent side
effects (all grades, Table S9). For patients treated with CDK4/6iþ ET
versus ETmono, fatigue was reported by 11.3% vs. 6.0%, nausea in
11.3% of the CDK4/6i þ ET patients and in 2.2% of the ETmono pa-
tients and leukopenia or neutropenia was documented in 11.3% vs.
0.5%. Grade 3/4 adverse events were very rare (all <4%) in both
therapy groups, with neutropenia being reported in 3.5% of CDK4/
6i þ ET patients, as the most frequent grade 3/4 adverse event
(Table 2).

4. Discussion

This analysis provides information on the introduction of CDK4/
6i þ ET in the treatment of patients with HR þ HERe ABC in the
first-line, second-line, and third-line therapy. Particularly in the
first line, approximately two-thirds of the patients are now being
treated with CDK4/6i þ ET. The data also provide early estimates of
real-world PFS and OS for patients treated with CDK4/6i þ ET and
ETmono. In this early analysis with limited power, there were no
statistically significant differences between PFS times. Adjusting
the analyses for covariates that might explain a prognostic bias did
not alter the results relevantly.

With regard to ETmono, the median PFS times in the registry
were very similar to those published in the RCTs (summarized in
[1]), at 16.6 months in the first line and 8.7 months and 4.7 months
in second and third lines, respectively. In the first line setting the
median PFS of patients treated with CDK4/6i þ ET was about 8
months longer (24.7 months) but most probably due to a small
sample size this difference did not become statistically significant.
In the second and third line the PFS times of patients treated with
CDK4/6i þ ET were very similar to those treated with ETmono.
Compared with other real-world evidence data our data is similar
to analyes in heavily pretreated patients with a median PFS of 4.5
months [13]. Also data of a retrospective study within a U.S. hos-
pital system was mainly similar to our data. That study reported
12.3 and 6.4 months of median PFS in the second and third line of
treatment [14]. Concerning the median PFS in the first line setting
our analysis had a substantially longer median PFS (24.7 months)
than the one reported in the study of the U.S. hospital systemwith a
median PFS of 11.6 months [14].

All of the RCTs inwhich CDK4/6iþ ETand ETmonowere compared
favored CDK4/6i þ ET, with hazard ratios between 0.5 and 0.6
(summarized in [1]). This provides the highest level of evidence for
the conclusion that adding CDK4/6i þ ET prolongs the PFS in
comparison with ETmono. There were therefore high expectations
that a similar effect would be seen in the real-world data. However,
a much smaller effect or no effects were seen d a finding that may
not be surprising at second glance. A systematic comparison of the
treatment effects in 21 oncology RCTs and the corresponding effects
in real-world datasets shows that the real-world treatment benefits
were 16% lower than in the RCTs with surrogate end points such as
PFS [19]. The effects with regard to OS appeared to be similar when
RCTs were compared with real-world data. However, in the four
RCTs examining BC patients, RCTs appeared to overestimate the
effect by up to 46.5% (95%CI, 19.5%e79.8%). This would mean that
an assumed hazard ratio of 0.55 in an RCT could translate into a
hazard ratio close to 0.81 in real-world registries (see the Methods



Fig. 2. Progression-free survival (PFS) and overall survival (OS) for the total group analyzed. CDK4/6i, CDK4/6 inhibitors; ET, endocrine therapy; OS, overall survival; PFS,
progression-free survival.
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section in [19]), which was actually a hazard ratio very similar to
the hazard ratios observed in our study, although not being sta-
tistically significant. The data in the present study thus do not
indicate something unexpected, but are within the range of other
observations comparing RCTs and real-world evidence.

Sensitivity analyses were conducted, which showed similar re-
sults like the primary analysis. In one of these analyses, the patient
population was restricted to patients who started their therapy
after the market authorization of palbociclib. This analysis was
intended to address cohort effects in the treatment of HR þ HER2e
BC patients. Another analysis excluded patients with the compar-
ator ETmono after CDK4/6i-availability. This analysis was intended to
address the fact that after the drug became available, there had to
be a strong reason for not treating a patient with a combination
therapy if the RCTs had indicated a benefit with regard to the PFS
[19]. This influence of treatment decision-making on the prognosis
is supported by studies showing that in patients with HR þ HER2e
BC, the treatment decision to carry out chemotherapy was an in-
dependent prognostic factor [7,8]. It can therefore be assumed that
patient selection can have a strong influence on the prognosis in
patients with metastatic BC. However, this effect is most probably
not caused by insufficient efficacy of chemotherapy, but rather
because the patient population selected for chemotherapy has an a
priori more unfavorable prognosis that cannot be explained by
other commonly documented covariates. This is of specific impor-
tance for the present analysis, as the use of chemotherapy has
decreased over time. A relevant proportion of these patients must
now be treated with CDK4/6i þ ET, leading to a poorer prognosis in
this group in the real-world data presented here. The dynamic
change of therapeutic strategies over time (chemotherapy vs.
ETmono vs. CDK4/6i þ ET) was clearly documented by our analysis
and shows how the change of treatment strategies could have an
effect on both side effects and efficacy in the treated patient pop-
ulations, which was not analyzed in this study due to small sample
sizes.

Several ongoing trials are comparing chemotherapy with CDK4/
6i þ ET (e.g., NCT03355157, NCT03462251). These trials should be
supported in order to obtain more information about treatment
options for this patient group.

Adverse events were reported much less frequently in this
registry than in the RCTs. This is a concern in many registries [20].
However, the most important sign (leukopenia) was detected in the
present registry. Nausea was also more frequent in patients
receiving CDK4/6i þ ET than in those with ET monotherapy, as it
was reported in the clinical trials. It is known that registries report
side effects less frequently than RCTs [21e23], but detecting the
most important safety signals appears feasible, as shown here.

The main limitation of this analysis is its small sample size. The
study excluded all patients who were not prospectively included in
the registry, in order to provide data of the highest possible quality
in a registry setting. This can on one hand ensure a high data quality
as required for real-world data analyses [12], however it could also
introduce a bias that makes it difficult to generalize the data and
make statements concnering the general population of patients
who are treated with CDK4/6i. The short follow-up time, with only
2 years between the first patient treated with CDK4/6i in the real-
world setting and closure of the database, also only allows a very
early analysis. However, real-time monitoring of novel drugs may
be necessary in order to detect early signs that a drug is possibly
being used in a patient population with a different riskebenefit
ratio.

5. Conclusions

In conclusion, this study shows that CDK4/6iþ ET has now been
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implemented as the new standard for first-line treatment of pa-
tients with advanced HR þ HERe BC. With short observation times,
a small sample size, and a small number of events, no statistically
significant differences in the progression-free survival were
observed when CDK4/6i þ ET was compared with ETmonoin the
real-world setting. The observed hazard ratios are within the ex-
pected range, since real-world effects have consistently been found
to show smaller effect sizes. However, a certain amount of caution
should be exercised in relation to the patient population being
treated in routine clinical practice. Patients who are being consid-
ered for chemotherapy could be included in RCTs comparing
chemotherapy with CDK4/6i þ ET.
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Table 1a
Cox regression analyses for progression-free survival in the overall analysis group, showing hazard ratios for CDK4/6i þ ET versus ET.

Setting Unadjusted analysis First adjusted analysis a Second adjusted analysis b

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

First line 0.81 (0.54, 1.22) 0.32 0.87 (0.56, 1.34) 0.52 0.87 (0.58, 1.32) 0.52
Second line 1.04 (0.72, 1.50) 0.84 0.90 (0.60, 1.35) 0.61 0.84 (0.57, 1.24) 0.39
Third line 0.96 (0.60, 1.54) 0.86 0.85 (0.50, 1.43) 0.53 0.83 (0.51, 1.35) 0.45

CDK4/6i, CDK4/6 inhibitor; CI, confidence interval; ET, endocrine therapy; HR, hazard ratio.
a HRs were adjusted for age, time from primary diagnosis to metastasis, ECOG, grade, anti-endoctrine therapy, metastasis pattern, number of previous chemotherapies (at

Setting 2 and 3), number of comorbidities.
b HRs were obtained after variable selection process. At setting 1 the predictor anti-endocrine therapy were selected. At setting 2 age, metastasis pattern and number of

previous chemotherapies were selected. At Setting 3, time from primary diagnosis to metastasis and number of comorbidities were selected.

Table 1b
Cox regression analyses for overall survival in the total analysis population, showing
hazard ratios for CDK4/6i þ ET versus ET.

Setting Unadjusted analysis Adjusted analysis a

HR (95% CI) P value HR (95% CI) P value

First line 0.91 (0.42, 1.98) 0.82 0.98 (0.45, 2.13) 0.95
Second line 0.80 (0.41, 1.55) 0.50 0.83 (0.43, 1.63) 0.59
Third line 1.57 (0.75, 3.29) 0.23 1.69 (0.79, 3.62) 0.18

CDK4/6i, CDK4/6 inhibitor; CI, confidence interval; ET, endocrine therapy; HR,
hazard ratio.

a HRs are adjusted for age and grade.

Table 2
Grade 3 or 4 adverse events (CTCAE v4.0) grouped by therapy arm, showing
numbers and percentages of patients.

CTCAE term ET
(n ¼ 184)

CDK4/6i
(n ¼ 141)

n % n %

Neutrophil count decreased 0 0 5 3.5
Anemia 0 0 3 2.1
Abdominal pain 0 0 1 0.7
Allergic reaction 1 0.5 0 0
Concentration impairment 1 0.5 0 0
Diarrhea 0 0 1 0.7
Dyspnea 0 0 1 0.7
Edema limbs 1 0.5 0 0
GGT increased 0 0 1 0.7
Insomnia 1 0.5 0 0
Lung infection 0 0 1 0.7
Lymphedema 1 0.5 0 0
Mucositis oral 0 0 1 0.7
Nail discoloration 0 0 1 0.7
Nausea 0 0 1 0.7
Non-cardiac chest pain 0 0 1 0.7
Pain 1 0.5 0 0
Renal and urinary disorders - Other, specify 1 0.5 0 0
Surgical and medical procedures - Other, specify 1 0.5 0 0
Transient ischemic attacks 0 0 1 0.7
Vomiting 0 0 1 0.7

CDK4/6i, CDK4/6 inhibitors; CTCAE, Common Terminology Criteria for Adverse
Events; ET, endocrine therapy.
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