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Background: Endocrine therapy is the cornerstone treatment for patients with hormone 

receptor-positive advanced breast cancer. We aimed to assess the effectiveness of various 

first-line endocrine monotherapies or combinations to determine the optimal sequence in a 

network meta-analysis.

Materials and methods: We searched PubMed, EMBASE, and the Cochrane Library for 

randomized controlled trials (RCTs) from inception up to November 21, 2017. We included 

only RCTs that assessed the effectiveness of the following treatments as a monotherapy or in 

combination as the first-line treatment: tamoxifen, anastrozole, letrozole, exemestane, fulves-

trant, palbociclib, and ribociclib. The results were presented with pooled odds ratio or hazard 

ratio (HR), and 95% credible interval (CrI). The primary outcomes were objective response 

rate (ORR) and progression-free survival/time to progression.

Results: A total of 16 eligible articles (14 RCTs) involving 6,602 patients treated with 10 dif-

ferent first-line endocrine therapies were assessed in our network meta-analysis. Palbociclib plus 

letrozole was superior to anastrozole, letrozole, exemestane, fulvestrant 500 mg, and anastrozole 

plus fulvestrant (loading dose) (HR=0.44, 95% CrI: 0.33–0.58; HR=0.56, 95% CrI: 0.45–0.68; 

HR=0.45, 95% CrI: 0.32–0.61; HR=0.58, 95% CrI: 0.42–0.81; HR=0.50, 95% CrI: 0.37–0.68; 

respectively). However, there is no significant advantage compared with ribociclib plus letrozole 

(HR=1.00, 95% CrI: 0.72–1.39). In terms of ORR, ribociclib plus letrozole is more effective 

than palbociclib plus letrozole (odds ratio=1.30, 95% CrI: 0.83–2.02).

Conclusion: Palbociclib plus letrozole and ribociclib plus letrozole might be the optimal first-

line endocrine therapeutic choices for hormone receptor-positive/human epidermal growth factor 

receptor 2-negative advanced breast cancer due to a longer progression-free survival/time to 

progression and a more efficacious ORR.

Keywords: first-line endocrine therapy, progression-free survival, objective response rate, 

advanced breast cancer, network meta-analysis, randomized controlled trial

Introduction
Worldwide, breast cancer is by far the highest incidence of cancer in women and the 

leading cause of cancer deaths, accounting for 25% of all cancer cases (1.68 million) 

and 15% of cancer deaths (520,000).1,2 Approximately 30%–40% of patients diag-

nosed at early stages could develop advanced breast cancer (ABC), with ~20% 5-year 

survival time.3 Although ABC is not curable,4 patients can be treated with systemic 

therapy to control the symptoms of the disease, possibly prolonging survival time and 

maintaining a better quality of life. Endocrine therapy, representing the standard of 

care for first-line treatment,5 plays a crucial role in ABC in postmenopausal women 
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with hormone receptor-positive (HR+) disease.6 The first-

line endocrine therapy consists of tamoxifen, fulvestrant, 

and third-generation aromatase inhibitors (AIs), such as 

anastrozole, letrozole, and exemestane.7,8

Third-generation AIs, with improved time to progression 

(TTP) and better tolerability compared with tamoxifen, are 

considered the standard of care for first-line treatment.9–13 

Fulvestrant is a selective estrogen receptor (ER) downregu-

lator, which binds, blocks, and increases the degradation of 

ER proteins, inhibiting estrogen signaling.14 The 500 mg 

dose of fulvestrant was approved based on data from an 

international, randomized, double-blind, Phase III trial by the 

name of Fulvestrant and Anastrozole Compared in Hormonal 

Therapy Naive Advanced Breast Cancer (FALCON). The 

trial compared fulvestrant 500 mg with anastrozole 1 mg 

in patients with HR+ locally advanced or metastatic breast 

cancer who had not received previous endocrine therapy.15 

In FALCON, progression-free survival (PFS) was signifi-

cantly longer in the fulvestrant group than in the anastrozole 

group (HR=0.797, 95% CI: 0.637–0.999, P=0.0486).

Additionally, cyclin-dependent kinase (CDK)4 and CDK6 

inhibitors have shown activity in ER-positive (ER+) breast 

cancer in either preclinical or clinical trials.16 Palbociclib is 

the first CDK4/6 approved by the Food and Drug Admin-

istration (FDA) for advanced or metastatic breast cancer.17 

Clinical data favoring palbociclib plus letrozole rather than 

letrozole alone was suggested in PALOMA-2, a double-blind 

Phase III study in the initial treatment of postmenopausal 

women with ER+, human epidermal growth factor receptor 

2-negative (HER2−) ABC.18 In terms of median PFS, the pal-

bociclib plus letrozole group presented a longer median PFS 

than letrozole alone (24.8 months vs 14.5 months, HR=0.58; 

95% CI: 0.46–0.72; P,0.000001). Beyond that, ribociclib, 

as a small-molecule inhibitor of CDK4/6, combined with 

letrozole, could also extend the median PFS versus letrozole 

alone (HR=0.56; 95% CI: 0.43–0.72).19

There are many first-line endocrine therapy regimens 

at present; however, the optimal sequence for HR+ ABC 

is still not established. In a previous network meta-analysis 

(NMA), the authors examined the comparative effect of 

different endocrine monotherapies only in PFS/TTP and 

objective response rate (ORR).20 Nonetheless, endocrine 

combinations are also used to achieve better clinical efficacy. 

Therefore, this NMA aims to summarize the direct and 

indirect randomized controlled trials (RCTs) for different 

first-line endocrine therapies to provide the highest level of 

evidence for clinicians making decisions in patients with 

HR+/HER2− ABC.

Materials and methods
literature and search strategy
We performed this NMA based on the Preferred Reporting 

Items for Systematic Reviews and Meta-Analysis extension 

to NMA.21

We searched PubMed, EMBASE, and the Cochrane 

Library for RCTs from inception up to November 21, 

2017. The search for titles/abstracts was restricted to 

English language articles. We used the Medical Subject 

Headings/Emtree combined with free text words of breast 

cancer, advanced or metastatic, randomized controlled 

trial, and all known spellings of tamoxifen, anastrozole, 

letrozole, exemestane, fulvestrant, palbociclib, and riboci-

clib. (Detailed information of search strategies in different 

databases is shown in Figures S1, S2 and S3). Addition-

ally, reference lists of eligible published clinical trials 

and meta-analyses were also tracked manually to identify 

other relevant studies.

selection criteria
Inclusion criteria were drawn based on the framework of 

population, intervention, comparison, outcome and study 

design.22 The type of participants was HR+ (ER+ and/or 

progesterone receptor-positive) postmenopausal women in 

ABC (inoperable locally ABC and metastatic breast cancer),7 

who had not received previous treatment for the advanced 

disease or had not received endocrine therapy as an adjuvant 

treatment within 12 months before study entry. The type of 

intervention was assessing the effectiveness of one of the 

following treatments as a monotherapy or in combination 

as the first-line treatment: tamoxifen, anastrozole, letrozole, 

exemestane, fulvestrant, palbociclib, and ribociclib. The type 

of primary outcome was the ORR and PFS/TTP. The type 

of study was RCTs that evaluated different endocrine thera-

pies as the first-line therapy for treating ABC. We excluded 

studies where endocrine therapy was used as a neoadjuvant 

treatment for advanced disease. Two authors (Tingting Zhang 

and Wenge Zhao) independently assessed the titles/abstracts 

of studies to identify whether these studies met the inclusion 

criteria. In the case of existing discrepancies, the two authors 

reached consensus via discussion.

Data extraction and quality assessments
Two authors (Tingting Zhang and Fubin Feng) independently 

extracted the relevant data using a predefined and standard-

ized data extraction EXCEL spreadsheet. We obtained data 

based on an intention-to-treat analysis. For crossover trials, 

only the first period of data was extracted. Two authors 
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(Tingting Zhang and Fubin Feng) cross-checked all extracted 

data, and if there were any disagreements between the two 

authors, a third author (Chuanxin Zang) resolved them. 

The following data were extracted: first author’s name, 

publication year, journal, study design, sample size, detailed 

information of intervention (dose, treatment duration, and 

frequency), characteristics of participants (such as median 

age, HR status, HER2 status, prior treatment, disease sites, 

the percentage of measurable disease, Eastern Cooperative 

Oncology Group performance status, and so on), duration of 

follow-up, and primary outcomes (PFS/TTP, ORR).

The risk of bias was assessed by using the Cochrane 

Collaboration’s risk of bias assessment tool,23 including 

random sequence generation; allocation concealment; 

blinding of participants, personnel and outcome assessment; 

incomplete outcome data; selective reporting; and other bias. 

When any discrepancies existed between the two authors, a 

third author provided arbitration.

statistical methods
The HR was calculated as the effect size for time-to-event 

outcomes, and the odds ratio (OR) was calculated for 

dichotomous outcomes, both with 95% credible intervals 

(CrIs). The data of HR or OR with 95% CI were obtained 

from the main publications of RCTs. If percentages of ORR 

were only reported, we needed to convert to decimals to 

round the numbers.

The data were analyzed using the Markov Chains Monte 

Carlo method with WinBUGS, Version 1.4.3 (MRC Biosta-

tistics Unit, Cambridge, UK). Three Markov chains were run 

simultaneously with randomly chosen different initial values. 

The WinBUGS model ran 150,000 iterations in total, and the 

iterations of each chain ran 50,000, of which the first 5,000 

iterations were a burn-in. When the Deviance Information 

Criteria (DIC) of the fixed-effect model was smaller, it was 

used to analyze data. Otherwise, the random-effect model was 

adopted.24 The pooled estimates (HR or OR) were taken to be 

the median, and 95% CrIs were presented according to the 

2.5 and 97.5 percentiles from the calculated data. We assessed 

significance according to whether the CrI included 1. The 

surface under the cumulative ranking curves (SUCRA) value 

was used to rank the treatments for an outcome. If the SUCRA 

value of interventions is closer to 100, it indicates that it is 

always in the first place, and if it is close to 0, it is always at the 

end.25 When a loop in three arms existed, we adopted a node-

splitting method to evaluate the inconsistency between direct 

and indirect comparisons.26 Individual studies of risk of bias 

were evaluated by Review Manager, Version 5.3 (The Nordic 

Cochrane Centre; The Cochrane Collaboration, Copenhagen, 

Norway). Further analysis was done by STATA Ver-

sion 13.0 (Stata Corporation, College Station, TX, USA).

Results
Overview of the literature search
Overall, 3,555 records were identified by the electronic 

database search, of which 1,189 articles were duplicates. 

We excluded 2,310 articles that obviously did not meet 

inclusion criteria after scanning the titles/abstracts. The 

full text of 56 potentially eligible articles was reviewed, 

with 41 articles excluded because of the following rea-

sons: non-RCTs (n=4), inappropriate participants (n=6), 

no data on outcome (n=11), only one study (n=19), and 

duplicate (n=1), ultimately leaving 15 eligible studies 

for inclusion. Furthermore, we added another trial to the 

reference list tracking of clinical trials and meta-analyses. 

In total, we included 16 articles (14 RCTs) in the 

NMA.9,11,13,15,17,18,27–36 The details of our literature search 

are shown in Figure 1.

characteristics of included studies
Sixteen articles (14 RCTs) published between 2000 and 2017, 

consisting of a total number of 6,602 participants with ABC 

were included in this NMA. The median age of participants 

across studies ranged from 60.2 to 72.6. Sixteen articles 

comprising 14 RCTs, including 10 different treatment 

regimens were assessed: anastrozole, letrozole, exemes-

tane, tamoxifen, tamoxifen 40 mg, palbociclib+letrozole, 

ribociclib+letrozole, anastrozole+fulvestrant (loading dose: 

fulvestrant 500 mg intramuscular on day 1 and 250 mg on 

days 15 and 29 and after that every fourth week ±3 days), 

fulvestrant 250 mg, and fulvestrant 500 mg. Among the 

14 RCTs, all studies reported a median PFS/TTP and ORR. 

The percentages of estrogen receptor-positive (ER+) and/or 

PgR+ were between 43.9 and 100. The median duration of 

the follow-up ranged from 8.9 months to 49 months. The 

detailed characteristics of the included trials are shown in 

Tables 1 and S1.

The assessment of the risk of bias
The results of the assessment of the risk of bias involving 

14 RCTs are presented in Figure 2. Seven RCTs employed 

double blinding and five RCTs had open-label designs. The 

remaining papers did not specify whether or not blinding was 

applied. Most studies did not mention the technique of alloca-

tion concealment. Twelve trials were funded by pharmaceuti-

cal companies. All studies did not report selectively.
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Network meta-analysis
The networks of all eligible comparisons for primary out-

comes of the NMA are shown in Figure 3. The networks 

for PFS/TTP as a time-to-event outcome and ORR as a 

dichotomous outcome are the same. Anastrozole was the 

most frequently involved drug. It was compared with tamox-

ifen in two trials, anastrozole plus fulvestrant (loading dose) 

in two trials, exemestane in one trial, fulvestrant 500 mg in 

one trial, and tamoxifen 40 mg in one trial. As shown in 

Figure 2, a closed loop existed in anastrozole–exemestane–

tamoxifen across all comparisons. Based on inconsistency 

factors (IFs) and 95% CI, we assessed the inconsistency 

between direct and indirect evidence. If the value of IF is 

close to 0, it indicated that the direct comparison evidence 

is consistent with the indirect comparison evidence. IFs are 

0.196 (95% CI: 0–0.68) for PFS/TTP and 0.091 (95% CI: 

0–1.05) for ORR.

Eight studies reported on TTP and six studies reported on 

PFS, involving 6,602 patients. The NMA results of PFS/TTP 

adopted a fixed-effect model (DIC=−2.249) rather than a 

random-effect model (DIC=−6.587) according to the size 

of the DIC value. Palbociclib plus letrozole was superior 

to anastrozole, letrozole, exemestane, fulvestrant 500 mg, 

tamoxifen, anastrozole plus fulvestrant (loading dose), ful-

vestrant 250 mg, and tamoxifen 40 mg (HR=0.44, 95% CrI: 

0.33–0.58; HR=0.56, 95% CrI: 0.45–0.68; HR=0.45, 95% 

CrI: 0.32–0.61; HR=0.58, 95% CrI: 0.42–0.81; HR=0.39, 

95% CrI: 0.30–0.50; HR=0.50, 95% CrI: 0.37–0.68; HR=0.33, 

95% CrI: 0.24–0.45; HR=0.06, 95% CrI: 0.03–0.09; respec-

tively). However, there is no significant advantage com-

pared with ribociclib plus letrozole (HR=1.00, 95% CrI: 

0.72–1.39). Fulvestrant 500 mg was more efficient than 

other first-line endocrine therapies except for palbociclib plus 

letrozole and ribociclib plus letrozole (HR=0.75, 95% CrI: 

0.62–0.91; HR=0.67, 95% CrI: 0.54–0.83; HR=0.96, 95% 

CrI: 0.73–1.25; HR=0.10, 95% CrI: 0.06–0.16; HR=0.57, 

95% CrI: 0.42–0.76; HR=0.77, 95% CrI: 0.58–1.02; for anas-

trozole, tamoxifen, letrozole, tamoxifen 40 mg, fulvestrant 

250 mg, and exemestane, respectively). According to the 

estimated SUCRA values, the four most efficient treatments 

were palbociclib plus letrozole (SUCRA=94.5%), riboci-

clib plus letrozole (SUCRA=94.4%), fulvestrant 500 mg  

(SUCRA=72.1%), and letrozole (SUCRA=68.1%), in order. 

Detailed information is shown in Figure 4A.

In our NMA, all studies reported on ORR. A fixed-effect 

model (DIC=204.99) was used to analyze the results of ORR. 

Ribociclib plus letrozole is more effective than the com-

bination of palbociclib and letrozole (OR=1.30, 95% CrI: 

0.83–2.02). Even though less clear, benefits were noted with 

palbociclib plus letrozole and with ribociclib plus letrozole, 

when compared with other first-line endocrine therapies, 

with the CrI for OR .1 (OR=2.04, 95% CrI: 1.23–3.36; 

OR=2.39, 95% CrI: 1.57–3.67; OR=1.40, 95% CrI: 

1.04–1.89; OR=3.13, 95% CrI: 1.48–6.63; OR=2.67, 95% 

CrI: 1.54–4.62; OR=1.56, 95% CrI: 0.88–2.76; OR=1.99, 

95% CrI: 1.08–3.61; OR=1.80, 95% CrI: 0.97–3.31; for 

anastrozole, tamoxifen, letrozole, tamoxifen 40 mg, ful-

vestrant 250 mg, exemestane, fulvestrant 500 mg, and 

anastrozole plus fulvestrant [loading dose], respectively). 

More NMA results of ORR are summarized in Table 2. As is 

shown in Figure 4B, the rank of the four most efficient treat-

ments included ribociclib plus letrozole (SUCRA=98.4%), 

Figure 1 Flowchart for search results and selection details.
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palbociclib plus letrozole (SUCRA=88.9%), exemes-

tane (SUCRA=63.8%), and anastrozole plus fulvestrant 

(loading dose; SUCRA=52.3%) based on the size of the 

SUCRA value.

Discussion
Endocrine therapy is the cornerstone treatment for HR+ ABC 

patients. AIs are preferred as a first-line therapeutic option 

for patients with HR+ ABC. With the increasing number 

of other endocrine therapeutic drugs, such as palbociclib, 

ribociclib, and fulvestrant, the optimal sequence of first-line 

treatment for patients with ABC has not been established. 

Due to lacking head-to-head RCTs, an indirect compari-

son of different regimens could be used to assess relative 

efficacy and provide guiding decisions for both physicians 

and patients. Based on the results of our NMA of different 

endocrine therapies as a first-line therapy for ABC, statisti-

cally significant improvements in PFS/TTP were observed 

in favor of palbociclib plus letrozole, as well as ribociclib 

plus letrozole, than other first-line endocrine regimens across 

all studies. However, regarding the choice of prolonging 

PFS/TTP, we did not find any significant difference in effi-

cacy between palbociclib plus letrozole and ribociclib plus 

letrozole. Additionally, the results of the previous NMA are 

in favor of palbociclib plus letrozole being more efficacious 

rather than other endocrine therapies and chemotherapy.37,38 

Concerning ORR, ribociclib in combination with letrozole 

was more effective than either palbociclib plus letrozole or 

alternative first-line endocrine therapies.

Both palbociclib and ribociclib form part of the selective 

CDK4/6 inhibitor family.16 The CDK4/6-cyclin D-retinoblas-

toma (Rb) pathway plays an important role in ER+ breast 

cancer and is the key downstream target of ER signaling.39 

Therefore, palbociclib and ribociclib inhibit the activity of 

CDK4/6 kinase and restore its cell cycle control to block the 

proliferation of tumor cells.38 The mechanisms of action are 

different from fulvestrant, tamoxifen, and AIs. This mecha-

nism may also be the reason that palbociclib or ribociclib 

could extend the median PFS. Clinical trials of palbociclib 

plus letrozole in patients with ER+/HER2− ABC showed 

not only a significantly improved median PFS but also an 

increased clinical benefit rate.18,32 However, perhaps, palboci-

clib and ribociclib belong to the same class of drugs, so there 

is no significant difference in prolonging the median PFS. 

In the previous meta-analysis, the compared results for overall 

PFS were slightly in favor of ribociclib (HR=1.16, 95% CI: 

0.81–1.66) without statistically significant differences.40 

Figure 2 Cochrane risk of bias tool assessment.

Figure 3 Network of eligible comparisons for network meta-analysis for PFS/TTP.
Notes: The width of the lines is proportional to the number of trials comparing 
every pair of treatments, and the size of every circle is proportional to the number 
of randomly assigned participants (sample size). The network of eligible comparisons 
for Orr analysis is also similar.
Abbreviations: LD, loading dose; ORR, objective response rate; PFS, progression-
free survival; TTP, time to progression.
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Figure 4 The sUcra for PFs/TTP (A) and Orr (B).
Notes: The larger the SUCRA, the higher the ranking. If the SUCRA value of interventions is closer to 100, it indicates that it is always in first place, and if it is close to 0, 
it is always at the end.
Abbreviations: LD, loading dose; ORR, objective response rate; PFS, progression-free survival; SUCRA, surface under the cumulative ranking curves; TTP, time to progression.
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At present, palbociclib or ribociclib in combination with 

letrozole is approved by the FDA for the first-line treatment 

of ABC in postmenopausal patients with HR+/HER2−.41,42

Additionally, ribociclib plus letrozole is more efficient 

than palbociclib plus letrozole regarding ORR. Even though 

ribociclib and palbociclib are of the same type, there exists a 

difference between ribociclib and palbociclib since ribociclib 

could not only inhibit the activity of CDK4/6 pathway but 

also inhibit cytochrome P3A4 (CYP) and CYP1A2.43 This 

result might lead to the difference in ORR of the two endo-

crine regimens. Furthermore, concerning adverse events, 

palbociclib and ribociclib are tolerated better and are associ-

ated with a lower risk of treatment-related deaths compared 

with other conventional cytotoxic chemotherapies and other 

targeted therapies.44 Serious adverse events occurred in 

19.6% of patients in the palbociclib group in PALOMA-2 and 

21.3% of patients in ribociclib group in MONALEESA-2.18,19

Strengths and limitations
Compared with a previous NMA, our NMA increases the 

analysis of the application of endocrine combinations in 

patients with HR+ ABC.20 The results from a previous NMA 

conducted to evaluate the comparative efficacy of endocrine 

monotherapy suggested a PFS/TTP benefit for fulvestrant 

500 mg.20 Our study included not only endocrine monotherapy 

but also endocrine combinations. Therefore, we have reasons 

to believe that this NMA is a more comprehensive study for 

HR+ ABC and provides a higher level of evidence for both 

physicians and patients. Certainly, other potential study limi-

tations should be acknowledged. First, our NMA should also 

be conducted for overall survival; however, these results have 

been excluded from the current analysis because of immature 

data in the included clinical trials. Second, due to the lack of 

unified standards, we did not directly assess specific adverse 

effects or toxic effects, which limits the confidence with which 

we can say that palbociclib plus letrozole and ribociclib plus 

letrozole have the most favorable balance between efficacy and 

safety. Finally, five of the included studies were open label, 

which might result in performance bias and measurement 

bias. Nonetheless, all observed outcomes were objective.

Conclusion
This NMA showed that palbociclib plus letrozole and 

ribociclib plus letrozole might be the optimal endocrine 

therapeutic options for patients with HR+/HER2− ABC. 

Further investigations of endocrine therapies for ABC 

are required to confirm these results and prolong patient 

survival time.T
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