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Abstract
Background The most prevalent subtype of breast cancer (BC) is luminal hormonal-positive breast cancer. The neoadjuvant 
chemotherapy regimens  have side effects, emphasizing the need to identify new startegies.
Objective Analyze the complete pathologic response (pCR) rate and overall response in a low-risk hormone-positive subset 
of patients receiving neoadjuvant hormone treatment (NAHT) with or without Palbociclib (a CDK4/CDK6 inhibitor) to 
boost NAHT effectiveness.
Materials and methods Based on the upfront 21-gene Oncotype DX or low-risk Breast Recurrence Score assay (RS™), the 
SAFIA trial is designed as a prospective multicenter international, double-blind neoadjuvant phase-III trial that selects oper-
able with luminal BC patients that are HER2-negative for the induction hormonal therapy with Fulvestrant 500 mg ± Gos-
erelin (F/G) followed by randomization of responding patients to palbociclib versus placebo. The pCR rate served as the 
study’s main outcome, while the secondary endpoint was a clinical benefit.
Results Of the 354 patients enrolled, 253 initially responded and were randomized to either F/G fulvestrant with palbociclib 
or placebo. Two hundred twenty-nine were eligible for the evaluation of the pathologic response. No statistically significant 
changes were observed in the pCR rates for the patients treated with the F/G therapy with placebo or palbociclib (7% versus 
2%, respectively) per the Chevallier classification (Class1 + Class2) (p = 0.1464) and 3% versus 10% assessed per Sataloff 
Classification (TA, NA/NB) (p = 0.3108). Palbociclib did not increase the rate of complete pathological response.
Conclusion Neoadjuvant hormonal therapy is feasible in a selected population with a low RS score of < 31
Clinical trial NCT03447132.

Keywords Breast cancer · Neoadjuvant hormone therapy · 21-gene breast recurrence score assay · Palbociclib · Fulvestrant

Introduction

Women’s breast cancer (BC) represents a significant health 
burden, with 2.3 million newly diagnosed cases and an 
estimated 685,000 deaths only during 2020 (WHO 2021). 
Among all cancers, BC is accountable for the highest num-
ber of total disability-adjusted life years (DALYs) (WHO 
2021). BC is a complex disease that shows inter-and intra-
tumoral heterogeneity (Curtis et al. 2012; Koboldt et al. 

2012). This signature of BC supports a tailored approach to 
administering treatment modalities (Yeo and Guan 2017). 
Dual inhibition of the estrogen receptor (ER) and cyclin-
dependent kinase 4/6 (CDK 4/6) signaling cascade holds 
a synergistic and anti-proliferative as well as anti-cancer 
potential (Finn et al. 2009). Blocking ER pathway is con-
sidered the first molecularly targeted therapeutic strategy 
for BC and is still used as a primary therapeutic intervention 
for treating ER + breast tumors (Reinert and Barrios 2015).

Fulvestrant, a selective estrogen receptor degrader 
(SERD), remains one of the most potent hormone therapies 
in metastatic BC (Suman et al. 2015; Finn et al. 2016; Turner 
et al. 2018a). However, fulvestrant has not been thoroughly 
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investigated in early-stage BC or adjuvant settings (Suman 
et al. 2015). Palbociclib, a first-in-class CDK4/6 inhibitor, 
was reported to considerably improve patient outcomes 
when administered along with the endocrine therapy (ET) 
for metastatic BC (Finn et al. 2016; Turner et al. 2018a). 
The efficacy of treating hormone + BC with a combination 
of fulvestrant and palbociclib has been explored in various 
studies across different BC populations (Turner et al. 2018b; 
Cristofanilli et al. 2016a; Loibl et al. 2017).

Neoadjuvant chemotherapy (NACT) and neoadjuvant 
hormonal therapy (NAHT) have both been explored for the 
treatment of BC (Marcus et al. 2013). However, in current 
practice, NAHT in luminal HER2 negative BC is not com-
monly used. Most oncologists either favor upfront surgery 
or neoadjuvant chemotherapy (CT) based on a prognostic 
instead of a predictive approach (Ács et al. 2017; Derouane 
et al. 2022). Previous findings favor exploring the role of 
NAHT + CDK 4/6 in a neoadjuvant setting (Fisher et al. 
2004a; Paik et al. 2006a).

The 21-gene expression-based Oncotype DX Breast 
Recurrence Score assay has previously shown a predic-
tive and prognostic potential for BC therapeutics (Fisher 
et al. 2004a; Paik et al. 2006b). The assay executed on the 
biopsies could help select subgroups of patients with a high 
hormone sensitivity which could be identified as a candi-
date for NAHT (AlSaleh et al. 2021). The SAFIA trial is 
a multicenter neoadjuvant phase III trial performed in six 
different countries of the Middle East North Africa, abbre-
viated hereby as MENA region, that aims to compare the 
fulvestrant (± goserelin) (F/G) plus palbociclib to F/G plus 
Placebo in the operable luminal BC patients responsive to 
F/G in a double-blind fashion (AlSaleh et al. 2021). We 
have hereby reported the results of the analysis of the pri-
mary endpoint (pCR) and secondary endpoints: radiologic 
response rate, the safety of palbociclib, and upfront identifi-
cation of hormone-sensitive patients using a 21-gene breast 
recurrence score assay.

Materials and methods

SAFIA trial design

The SAFIA study is the first BC neoadjuvant Phase III trial 
conceived and conducted in the MENA region between 
October 2017 and July 2021. (Clinical-Trials.gov identi-
fier: NCT03447132). (AlSaleh et al. 2021). This interna-
tional, prospective, multicenter, worldwide, double-blind, 
randomized, placebo-controlled trial compares F/G plus 
palbociclib (CDK 4/6 inhibitor) versus F/G plus placebo in 
patients with operable forms of the luminal BC cases that are 
HER2-negative and responding to F/G (AlSaleh et al. 2021).

Patients had a 21-gene assay that was performed cen-
trally on the biopsies for the determination of the patients 
eligible for neoadjuvant HT (RS < 31) and who would be 
better served by either neoadjuvant chemotherapy (CT) 
or immediate surgery (surgery) (RS 31–100). Fulvestrant 
(500 mg intramuscularly on Days 1, 14, and 28, followed by 
the administration every four weeks for four months) and 
Gosereline (3.6 mg subcutaneously every four weeks in the 
pre- as well as peri-menopausal BC patients for five months, 
initiated one month before the start of Fulvestrant) were used 
for neoadjuvant induction treatment of RS > 31. To confirm 
the absence of hormone-refractory cases clinical and radio-
logical response evaluations of the primary breast tumor 
and nodal disease using mammography, ultrasonography, 
and/or Magnetic Resonance Imaging (MRI), as appropriate, 
occurred after the induction of endocrine treatment. RECIST 
1.1 criteria were used to characterize radiological responses. 
We split Stable Disease (SD) into Minor Reaction (MR) to 
analyze the true response more accurately against HT and, 
by extension, of hormone sensitivity. An increase of 1–25% 
in cross-product or the appearance of a new lesion is con-
sidered minor progression (MP).

All patients who responded to induction F/G with a com-
plete response (CR), partial response (PR), or minimum 
response (MR) were randomized to receive either F/G with 
four months of palbociclib 125 mg or Placebo (3 weeks on / 
1 week off every four weeks for four months). Patients with 
progression were excluded from the trial and treated at the 
investigators’ discretion by either neoadjuvant chemotherapy 
or surgery.

Breast and nodal surgery were performed after 
8–9 months of neoadjuvant therapy. Radiation therapy and 
adjuvant systemic treatment were left at the investigators’ 
discretion. The study oversight has been provided in Sup-
plementary Box 1.

Patient population

The study population consisted of post-or pre/peri-menopau-
sal patients (with medical or surgical oophorectomy) with 
the operable forms of stage II and IIIA luminal BC (ER + , 
HER2-negative). The inclusion and exclusion criteria are 
displayed in Supplementary Table 1.

SAFIA trial endpoints

The primary endpoint was the complete pathologic response 
(pCR) rate induced by F/G with either palbociclib or pla-
cebo, defined as Class 1 and 2 according to the Chevallier 
classification. Secondary endpoints consisted of the pCR 
rate according to the Sataloff classification (T-A and N-A 
or N-B) and the radiologic response rate in both arms and 
safety in the MENA population. We further assessed the 



6173Journal of Cancer Research and Clinical Oncology (2023) 149:6171–6179 

1 3

efficiency of upfront RS levels in predicting objective hor-
mone sensitivity and the feasibility of the 21-gene test per-
formed on core biopsies in the MENA patient population.

The oncotype DX 21‑gene assay

Biopsy samples were sent to Genomic Health Inc (Redwood 
City, CA). Upfront 21-gene breast recurrence Score (RS) 
assay was performed following the established Standard 
Operating Procedures. Patients lacking sufficient tumor 
material either in the blocks or the slides or the unconfirmed 
diagnoses by Genomic Health pathologists were excluded 
from the trial.

Statistical analysis

Sample size calculation and randomization

The sample size calculation was primarily based on the 
assumption that F/G + Palbociclib would increase the pCR 
rate from 5% in placebo group to 15% in treatment group. 
The patient sample size of 260 was selected using one-sided 
significance testing. Considering that around 20% of the 
patients will demonstrate de novo resistance to induction 
F/G before to randomization, an additional 60 patients were 
required to identify 260 individuals who were responsive to 
induction therapy. This brought the total number of patients 
in the sample up to 320. In summary, given that around 20% 
of naive patients who had luminal tumors will be categorized 
as high risk (RS > 31), an additional eighty people were 
screened to locate 320 patients who had a score of 31. As a 
result, it was anticipated that a total of 400 patients would 
take part in the trial.

The randomization list with blinded treatment groups 
(A and B) was generated using the SAS procedure (PROC 
PLAN) and then uploaded in eCRF. Patient with no pro-
gression after four months of NAHT was randomized via 
eCRF. The randomization code was defined by the third-
party Eurofins/LC2 (Fulvestrant, Goserelin). The unblinded 
code (definition of A and B) was provided to the statistician 
once the clinical database was locked.

Statistical methodology

The statistical analysis plan (SAP) for the trial called for 
three different analysis populations: (i) intent-to-treat (ITT) 
population: study subjects who were randomized, and 
treated and had surgery with histopathological results, (ii) 
per-protocol (PP) population: ITT population without any 
protocol violations that impact the study outcome. (iii) safety 
population: all study subjects.

To describe the demographic and baseline characteris-
tics, descriptive statistics were used for the variables that 

were continuous, while frequency and percentage were used 
for the variables that were categorical. The ITT population 
group and the PP population group were both used in the 
investigation of efficacy.

Chi-square X2 or Fisher's exact tests were used to ana-
lyze the data and determine whether or not there was a link 
between the RS result and the replies to NAHT. All statisti-
cal analyses were carried out with the use of the Validated 
Statistical Analysis System (SAS) software, version 9.4 
(SAS Institute, Cary, North Carolina, United States).

Results

Patient selection

A total of 354 BC patients enrolled in six countries, with 
24 centers,of the MENA region were included in the study. 
However, as outlined in Fig. 1, only 221 patients were evalu-
able (114 F/G + Palbociclib/115 for F/G + placebo) whose 
response to treatment could be measured because enough 
information was collected.

Baseline characteristics

The median age of the whole population was 49 years (rang-
ing between 25 and 84 years), with 55% of the enrolled 
patients being pre/peri-menopausal (n = 195; median 
age 43  years) and 45% (n = 159; median age 61  years) 
post-menopausal.

The clinicopathological characteristics of patients eli-
gible for induction F/G (N = 277) were as follows: Clini-
cal stage: IIA 44%, IIB 39%, IIIA 17%. Histological Type: 
Ductal: 79%, Lobular: 12%, other: 9%. Histological Grade: 
I: 14%, II: 79%, III: 5%, missing: 2%. Ki67: ≤ 14% = 44% 
and > 14% = 55%, missing: 1%.

Patient distribution based on oncotype DX 21‑gene 
assay (n = 268)

A total of 282 samples were sent for 21-gene assay with 
successful RS determination for 273 patients (96.7%) and 
failure for nine patients. The results showed RS ≥ 31 (N = 57, 
20.9%) and RS < 31 (N = 216, 79.1%) with the following dis-
tribution: 0–10: 36 patients (13.2%), 11–25: 154 patients 
(56.4%) divided in 11–18: 92 patients (33.7%)/10–25: 
19–25: 62 patients (22.7%) and 26–30: 26 patients (9.5%).

The clinicopathological characteristics of patients eligible 
for induction F/G according to the RS levels are shown in 
Supplementary Table 2. Patients with high RS levels (26–30) 
presented with higher histologic grades (Grade III: 31% vs. 
3%), higher Ki67 (> 14%: 87% vs. 42–53%), more Luminal 
B (91% vs. 33–44%) compared to the lower RS levels. No 
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differences between the RS levels regarding histologic type 
and clinical stage at diagnosis were seen.

Efficacy results

Response to induction F/G

A total of 266 patients were evaluable for response to induc-
tion F/G out of the 277 initially included in the clinicopatho-
logical report (Supplement Fig. 1). The non-progression 
rate (PR + CR + MR) was 89.8%, with PR: 63.2, CR: 2.6% 
for a major response rate (PR + CR) of 65.8%, and a Minor 
Response (MR) rate of 24%. Alternatively, 13 patients 
(4.9%) had a progression (PD), and 14 additional patients 

(5.3%) had a Minor Progression (between 1 and 25%) for a 
total overall progression rate (PD + MP) of 10.2%.

No statistically significant differences were observed in 
response when stratifying radiological responses accord-
ing to hormone responsiveness and RS levels (n = 206). In 
contrast, Partial Response (PR) was numerically higher in 
the high RS (26–30) subgroup: 72% vs. 57% in the low RS 
(0–25) subgroup.

Radiological response assessment (investigator) 
after eight months of treatment (n = 226)

The radiological response assessed by investigators before 
surgery is displayed in Table 1. No statistically significant 
differences between the two arms (F/G + palbociclib or 

Fig. 1  Patient selection flow-
chart
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Placebo) were recorded for major response (62% vs. 66%, 
respectively) (p = 0.4963). However, the rate of clinical ben-
efit (CB), defined as a major response (MR) + stable disease 
(SD) > 6 months, was extremely high in both arms (98% vs. 
96%, respectively) with a rate of progressive disease (PD) 
of 2% and 4%, respectively.

Pathologic response of F/G + Palbociclib 
versus F/G + Placebo

Out of 253 randomized patients (ITT population), pathologic 
responses following surgery were available in 229 patients 
(Table 2). No difference was observed in the type of surgery 
between the two arms: conservative surgery: F/G + palboci-
clib (47%) versus P/G + Placebo: (48%). When considering 
the pCR rate according to the Chevallier classification (pri-
mary endpoint), no statistically significant difference was 
found between the two treatment groups: F/G + palbociclib: 
three patients (2%) versus P/G + Placebo: eight patients (7%) 
(p = 0.1464) (Supplementary Table 2). Also, per the Sataloff 
classification, no statistically significant difference was seen 
between the two arms in terms of pCR: F/G + palbociclib: 
four patients (3%) versus P/G + Placebo: 11 patients (10%) 
(p = 0.3108). The PP analysis did not show any statistically 
significant difference in terms of pCR when compared to 
the ITT population.

Safety

Adverse Events (AEs) and Serious Adverse Events (SAEs) 
were recorded from therapy initiation to 28 days follow-
ing the administration of the last dose of the study medi-
cations (months 9 or 10). Expectedly, the main side effect 

in the F/G + palbociclib was neutropenia, with Grade 3–4 
neutropenia reported in 25% of patients vs. 1.7% in the 
F/G + placebo arm. Febrile neutropenia was seen in two 
patients treated with F/G + palbociclib (1.7%) with no evi-
dence of systemic infection. Other hematologic toxicities 
were mild (Grades 1–2) and mainly of anemia (20% for the 
F/G + palbociclib arm vs. 5% for the F/G + placebo arm). 
Non-hematologic side-effects were infrequent and low 
grade, reported in both arms (fatigue, arthralgia, hot flushes). 
Additionally, there was no significant gastrointestinal toxic-
ity (diarrhea/nausea). No deaths were reported during this 
study. Palbociclib dose reductions were implemented in 19 
patients (15%), with discontinuation of F/G + Palbociclib in 
3 patients (2.4%). Neutropenia was 3% on Fulvestant + Pal-
bociclib arm and 1% on Fulvestant + Placebo arm (Supple-
mentary Table 3).

Discussion

The SAFIA trial is the first 3rd generation neoadjuvant hor-
monal phase III trial designed and conducted in the MENA 
region to test the benefits of hormonal therapy in patients 
with a low-risk RS (< 31) using Oncotype Dx. Oncotype 
Dx is highly correlated with the Ki-67 score (Sahebjam 
et al. 2011) and can help to eliminate the need to repeat 
the biopsy at day 14 to select patients who are benefiting 
from hormonal therapy Polley et al. 2013). In our MENA 
population, 21-gene assays on core biopsy specimens were 
possible in 97% of cases, with only 3% having insufficient 
carcinoma material. These results align with those found in 
the published literature, where failure rates are reported to 
lie between 4.8 and 10.2 percent; this further substantiates 

Table 1  Radiological Response to the induction of F/G therapy, according to the hormone sensitivity (Response > 0%) and the RS levels 
(n = 266)

Radiological response RS [0 –10] N = 34 RS [11–25] N = 147 RS [26–30] N = 25 Without RS N = 60 Total

Complete response 2 (6%) 4 (3%) 0 (0%) 1 (2%) 7 (2.6%)
Minor progression (up to 25%) 0 (0%) 10 (7%) 3 (12%) 1 (2%) 14 (5.3%)
Minor response (0 to 50%) 9 (26%) 47 (32%) 2 (8%) 6 (10%) 64 (24.0)%
Partial response (> 50%) 22 (65%) 82 (55%) 18 (72%) 46 (76%) 168 (63.2%)
Progressive disease (> 25%) 1 (3%) 4 (3%) 2 (8%) 6 (10%) 13 (4.9%)

Table 2  Pathologic responses 
according to Chevallier 
(n = 229)

Fulvestrant + pal-
bociclib n = 114

Fulves-
trant + placebo 
n = 115

p-value (Chi-square)

Chevallier classification CLASS 1 + 2 (pCR) 3 (2%) 8(7%) 0.1464
CLASS 3 84 (74%) 73 (63%)
CLASS 4 27 (24%) 34 (30%)
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the usefulness of the 21-gene assay on biopsy materials for 
neoadjuvant therapies (Allevi et al. 2013). Over the last 
decade, there has been a substantial shift in the therapeu-
tic landscape for HR + and HER2- advanced-stage breast 
cancer. ET as monotherapy, which was once considered 
the mainstay of treatment in the regimes proposed initially 
as well as the following lines of treatments, has been sup-
planted in the treatment hierarchy because of the introduc-
tion of specialized, small-molecule CDK4/6 inhibitors. In 
patients with advanced HR + /HER2-negative breast cancer, 
progression-free survival (PFS) is practically doubled when 
these three medications are administered in conjunction with 
ET. This is in comparison to patients who received ET plus 
a placebo in phase III trials conducted in the upfront setting 
with large number of subjects (MONALEESA-2 for riboci-
clib + letrozole (Hortobagyi et al. 2016); PALOMA-2 (Finn 
et al. 2016) for palbociclib + letrozole; and MONARCH-3 
(Goetz et al. 2017) for abemaciclib + letrozole or Anastro-
zole), as well as in the populations tah have been treated 
previously with ET for advanced disease (MONARCH-2 for 
abemaciclib + fulvestrant (Sledge et al. 2017); PALOMA-3 
for palbociclib + fulvestrant (Cristofanilli et al. 2016b) and 
MONALEESA-3 for ribociclib + fulvestrant) (Slamon et al. 
2018). However, acquired or de novo resistance to CDK4/6 
inhibitors is practically universal. Because of this, there 
has been a significant interest in establishing the potential 
origins of resistance, as well as strategies for overcoming 
resistance and diagnostic tests. In the TransNeos study, Iwata 
et al. reported the Recurrence Score distribution for 275 
patients, comparable to the 282 patients from Asia (Iwata 
et al. 2019). The NP rate (PR + CR + Minor Response) for 
persons with an RS of 31 who were induced with NAHT 
using F/G was 89.8%. Using the RS < 31 21-gene assay, cer-
tain ″De Novo″ hormone-resistant tumors with a low risk of 
advancement (5.3% minor progression + 4.9% conventional 
PD = 10.2%) were found and removed.

To assess the radiological responses post-randomization 
and pre-surgery, we elected to use the concept of clinical 
benefit (CB), adding to minor response (MR) (CR + PR), sta-
bilization > 24 weeks (Allevi et al. 2013). Our results show 
a very high rate of CB: 98% for F/G + Palbociclib and 96% 
for F/G + Placebo. In the phase II trial published by Johnston 
et al. the PD rate was comparable to 5.4% for Letrozole (L) 
and 3.2% for L + Palbociclib, with SD 45.1% and 42.5%, 
respectively (Johnston et al. 2019).

We did not observe a statistically significant difference 
was observed in pCR between F/G + Palbociclib vs. F/G 
+ Placebo using the Chevallier classification (2% vs. 7%, 
respectively) nor with the Satalof classification (3% vs. 
10%, respectively) either on the ITT or PP analyses. These 
negative results might be related to the duration of exposure 
to the CDK 4/6 inhibitor, which could have been too short 
(4 cycles). Additionally, due to the COVID-19 pandemic, 

surgery was significantly delayed without further exposure to 
Palbociclib beyond four cycles in several patients (AlSaleh 
2021). The overall result suggests that clinical benefit rather 
than pCR will be of more use in future trials of neoadjuvant 
hormonal therapy.

Alternatively, the high rate of clinical benefit seen with 
F/G (96%) in this luminal HER2-negative BC population 
with low RS (<31%) plead in favor of neoadjuvant endocrine 
therapy, in particular when patients are reluctant for surgery 
or when surgical access is limited.

In terms of safety, these results provide the first prospec-
tive data related to using F/G + palbociclib in the MENA 
population in a neoadjuvant setting. The main toxicity was 
neutropenia, with grades 3–4 in 25% of the trial population. 
Even though only four cycles of F/G + palbociclib were 
delivered in this trial, these results compare favorably with 
the grade 3–4 neutropenia rates reported in the advanced 
BC Paloma 3 and 2 trials (Im et al. 2017; Iwata et al. 2017). 
These safety data suggest that palbociclib bears an accepta-
ble safety profile in the MENA population. It has been noted 
that the mean age of our cohort is younger than the average 
reported in their western counterparts (Zhang et al. 2019).

Conclusion

The addition of palbociclib to neoadjuvant F/G did not 
increase pathologic response rates or pathologic complete 
response rates in HER2-negative Luminal BC that responds 
to induction F/G. After 8–9 months of F/G neoadjuvant 
therapy, a clinical benefit of 96% was attained with RS<31 
tumor diagnosis and subsequent patient selection for endo-
crine-sensitive treatment. However, it did not appear pos-
sible to conduct a 21-gene assay on biopsy samples imme-
diately. These results suggest that NAHT with F/G should 
be considered a therapeutic option, particularly in patients 
reluctant to surgery or when surgical access is limited.
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