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Abstract

Purpose The cyclin-dependent kinase (CDK) 4/6 inhibitors significantly altered the treatment landscape of hormone-positive
(HR+), HER2- metastatic breast cancer (MBC). However, biomarkers predicting long-term benefit and early progression
are yet to be defined. Several studies suggested the possibility of diminished efficacy in patients with HER2-low disease.
Therefore, we conducted a systematic review and meta-analysis to evaluate the association between low-level HER2 expres-
sion and efficacy outcomes (PFS, OS, ORR) with CDK 4/6 inhibitors.

Methods The Pubmed, Web of Science, and Scopus databases were used to systematically filter the published studies from
inception to 08 August 2023 for this systemic review. Studies including MBC patients treated with CDK 4/6 inhibitors and
reported survival outcomes according to HER2 expression were included. We performed the meta-analyses with the generic
inverse-variance method with a fixed-effects model and used HRs with 95% two-sided Cls as the principal summary measure.
Results Nine studies encompassing 2705 patients were included in the analyses. In the pooled analysis of nine studies, the
risk of progression and/or death was higher in patients with HER2-low tumors compared to HER2-zero (HR: 1.22, 95% CI
1.10-1.35, p <0.001). In the pooled analysis of five studies, although the median follow-up was short, the risk of death was
higher in the HER2-low group compared to the HER2-zero group (HR: 1.22, 95% CI 1.04-1.44, p=0.010).

Conclusion The available evidence demonstrates a significantly higher risk of progression or death with CDK 4/6 inhibitors
in HER2-low tumors. Further research is needed to improve outcomes in patients with HR+-HER2-low tumors.

Keywords HER2-low - HER2-zero - Breast cancer - CDK4/6 inhibitors - Prognosis

Introduction

The cyclin-dependent kinase (CDK) 4/6 inhibitors signifi-
cantly altered the treatment landscape of hormone-positive
(HR+), HER2- metastatic breast cancer (MBC) [1-3]. The
combination of CDK 4/6 inhibitor plus endocrine therapy
became the standard of care option in the first- and second-
line settings with improved progression-free (PFS) and
overall survival (OS) data [4, 5]. Currently, these agents
are being used independent of a biomarker status in clinical
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scenarios other than visceral crisis, in parallel with piv-
otal phase III trials [6—8]. However, not all patients uni-
formly benefit from these treatments, and around 15% of the
patients progressed even with first-line use [6, 9]. Therefore,
biomarkers predicting long-term benefits and early progres-
sion are needed.

The ErbB2 receptor family plays a pivotal role in endo-
crine treatment resistance, and targeted therapies to this
pathway have been used over two decades in HER2+breast
cancer [10]. The HER2+tumors are classified as tumors
with a 34+IHC or 2+IHC and ISH positivity. Consider-
ing the lower levels of HER2 expression in HER2 1+ or
HER2 2 + and ISH-negative tumors and the possibility of
targeting these tumors with novel anti-HER?2 drug anti-
body conjugates [11, 12], we witnessed the emergence of
a new subgroup of breast tumors called “HER2-low breast
cancer” [13, 14]. However, the effects of low-level HER2
expression on the survival are yet to be defined [15, 16].
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While some studies reported inferior survival in patients
with HR+HER2-low tumors, several studies stated similar
survival in HER2-low and HER2-zero tumors [17-19]. In
addition to the prognosis, the low levels of HER2 expression
could affect the efficacy of anti-endocrine agents, including
the CDK 4/6 inhibitors, due to the pivotal role of the ErbB2
receptor on endocrine resistance [20]. However, the avail-
able studies differed in study designs, patient populations,
sample sizes, as well as outcomes. Therefore, we conducted
a systematic review and meta-analysis to evaluate the prog-
nostic role of low-level HER2 expression on the outcomes
of MBC patients treated with CDK 4/6 inhibitors.

Material and methods
Literature search

We conducted a systematic review following the Preferred
Reporting Items for Systematic Reviews and Meta-analysis
guidance (PRISMA) [21]. The study protocol was regis-
tered with the PROSPERO (CRD42023453557). The Pub-
med, Web of Science, and Scopus databases were used to
systematically filter the published studies from inception
to August 08, 2023, for this systemic review. The selected
MeSH search terms were “HER2 low” OR “low HER2” OR
“ERBB2 low” OR “low ERBB2” AND “CDK” OR “cyclin-
dependent kinase” OR “CDK 4/6” OR “CDK4/6” OR “CDK
4/6 inhibitor.”

Inclusion and exclusion criteria

We included studies that met the following inclusion cri-
teria: (1) prospective or retrospective study to evaluate the
potential association of low-level HER?2 expression on either
progression-free survival (PFS) or overall survival (OS)
with CDK 4/6 inhibitors; (2) available hazard ratio and 95%
confidence interval for the comparison of HER2-low and
HER?2-zero groups; and (3) peer-reviewed full-text article
or abstract available in English. Exclusion criteria of stud-
ies were: (1) duplicated articles; (2) review articles, case
reports, case series, editorials, guidelines, dissertations, and
opinion papers; (3) animal and cell-line studies; (4) studies
including pediatric patients; (5) studies comparing HER2-
positive and HER2-negative patients; (6) studies reporting
on outcomes other than PFS or OS, and (7) trial protocols.

Study selection and data extraction
Our systematic search retrieved 1109 records. After remov-
ing duplicates (n=769), we screened the remaining 340

records for inclusion. A total of 263 records were excluded
after the screening of titles and abstracts. After evaluation
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of the full texts of the remaining 77 records, we excluded 67
more records due to no survival data (n=23), no data on the
association between low HER?2 status and survival outcomes
(n=43), and no available HR or CI (n=2); and included
nine studies from the systematic search in meta-analyses.
The flowchart for article selection is shown in Fig. 1.

Two authors (DCG, TKS) extracted the data following
the Meta-analysis of Observational Studies in Epidemiology
(MOOSE) guidelines and any discrepancy was resolved by
the senior author [22]. The following data were extracted
from the available studies: lead author names, year of pub-
lication, total number of patients, hazard ratios (HR) with
95% Cls for OS or PFS, and overall response rate (ORR).
The individual study qualities and risk of bias were evalu-
ated independently by two authors (DCG and TKS) using
the Newcastle—Ottawa Scale.

Meta-analysis

The primary objective of this study was to evaluate the
association between PFS and low levels of HER2 expres-
sion in patients with HR+breast cancer treated with CDK
4/6 inhibitors. The secondary objective was to evaluate the
association between the OS and ORR according to HER2
expression (HER2 low vs. HER2 zero. We conducted further
subgroup analyses for PFS according to the treatment line.

We performed the meta-analyses with the generic inverse-
variance method with a fixed-effects model, considering the
low degree of heterogeneity in the analyses. We used HRs
with 95% two-sided CIs as the principal summary measure
and reported the heterogeneity within each subgroup with
I-square statistics. We conducted the meta-analyses using
the Review Manager software, version 5.4 (The Nordic
Cochrane Center, The Cochrane Collaboration, Copenhagen,
Denmark) and considered p values below 0.05 statistically
significant.

Results
Study characteristics

Nine studies encompassing a total of 2705 patients were
included in the analyses. The four studies were conducted in
the first line [18, 23-25], while mixed cohorts were present
in five studies [17, 19, 26-28]. Five studies were multicenter,
and single-center data were reported in four studies. Eight
studies were retrospective, while only one included a cohort
with prospectively recorded data. All studies included both
patients treated with aromatase inhibitors or fulvestrant in
combination with CDK 4/6 inhibitors. Sample sizes varied
between 84 and 1084, and five of nine studies had sample
sizes of less than 200 patients. Four of the studies were from
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Europe. The PFS and OS were available in five studies,
while four studies reported only PFS. The median follow-
up time varied between 15 and 36 months across studies
(Table 1). Most studies had a low risk of bias, according to
the NOS (Table 2).

Association between HER2-low status and PFS

Six of nine studies reported no association between the
HER2-low status and PFS with CDK 4/6 inhibitors [17,
23-25, 27, 28]. In the pooled analysis of nine studies, the
risk of progression and/or death was higher in patients with
the HER2-low tumors compared to HER2 zero (HR: 1.22,
95% CI 1.10-1.35, p<0.001) (Fig. 2). The included studies
had low degree of heterogeneity (12 =0%). Sensitivity analy-
ses conducted by the subtraction of the individual studies
demonstrated consistent results.

Subgroup analyses were conducted according to the
treatment line. The risk of progression and/or death was
similar across the lines of treatment (1st-line HR: 1.18,
95% CI 1.04-1.34, p=0.010, and 2nd-line HR: 1.20, 95%
CI 0.83-1.73, p=0.330, p-value for subgroup differences
p=0.930) (Fig. 3), although four studied did not have sepa-
rate data for treatment lines and only one study specifically
included patients treated in the second line.

Association between HER2-low status and OS/ORR

A total of 5 and 3 studies were reported on OS and ORR,
respectively. In the pooled analysis of five studies, the risk
of death was higher in the HER2-low group compared to the
HER2-zero group (HR: 1.22, 95% CI 1.04-1.44, p=0.010)
(Fig. 4). The included studies had low degree of heteroge-
neity (I2=0%), and sensitivity analyses conducted by the
subtraction of the individual studies demonstrated consistent
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o results. The pooled ORR with CDK 4/6 inhibitors was 47.8%
51 2 in the HER2-low group and 58.3% in the HER2-zero group.
g = 2 & The ORR was similar independent of the HER2-low sta-
= B tus (HR: 0.80, 95% CI 0.44-1.44, p=0.460) (Fig. 5). The
E . meta-analysis for ORR had a high degree of heterogeneity
o (12=50%).
T 2N
® 3 ©g¥_ Discussion
Tay [£23%
Z éﬁj =Rl PR ; o In this meta-analysis of over 2700 patients, we observed
Sz:8|E"8"F significantly higher progression or death in patients with
. T 52 HR+HER2-low metastatic breast cancer compared to
8 34 R 5 § patients with HER2-zero tumors. Although the median
§g - % £ 3 “ . follow-up was short, the risk of death was also higher in
g %E é é g ;3 « E patients with HER2-low expression. The ORR was similar
. across the HER2-low and HER?2 groups, although the sam-
5 £ ple size was smaller for this analysis. The PFS analyses were
2 g consistent across the treatment line.
8 ,é ;E,_ The characteristics of patients who had early progression
:'g £2 with CDK 4/6 inhibitors is a critical research field. While
E ;E '§ § 2 earlier data suggested several clinical features like visceral
g E = E g metastases and ECOG status, molecular biomarkers like
E a SHCRS RB1 and CCNE1 were also associated with a higher risk of
progression [1, 29-33]. In addition, tumor molecular sub-
typing via PAMSO0 (prosigna) was also associated with the
B2 =] efficacy of CDK 4/6 inhibitors [34, 35]. In the study by Prat
£ § é) et al., patients with HER2-enriched HR+breast cancer had
== early risk progression risk with palbociclib [36]. In con-
k trast, a similar pattern was absent in patients treated with
g % § ribociclib. However, the PAMS50 (prosigna) assay is not rou-
tinely available in daily practice due to financial reasons and
2 E primarily licensed for the early breast cancer. Considering
B § f, 5 the financial limitations of RNA-based profiling for HER2
g E‘ % g § enrichment, evaluation of HER2-low status by immunohis-
Z 8 SN o tochemistry could be a surrogate for the activation of the
5 ErbB2 pathway in patients treated with CDK 4/6 inhibitors.
_ 57 Furthermore, it was previously demonstrated that HER2-low
g E % % tumors had higher ESR1 [37] and AKT expressions [38],
R features associated with resistance to CDK 4/6 inhibitors.
‘g g Therefore, using HER2-low status as an efficacy biomarker
% %’ - in patients treated with CDK 4/6 inhibitors could be benefi-
§ e % 2 cial due to the strong biological rationale.
& % O E Despite the strong interest, the data on the associa-
E tion between HER2-low status and CDK 4/6 inhibitor
z g efficacy are still controversial. A similar problem was
§ > g present with the survival outcomes with early HER2-low
= © = :-g breast cancer, with studies with contrasting results also
é - f available [39-42]. One of the main reasons regarding this
R § § issue could be the problems and variability with HER2-
= = g low case definition. There is significant variability across
% ::f '§ ) E reading pathologists regarding the HER2-low status [43].
e |2 = = Additionally, it was demonstrated that HER2-low status
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Test for overall effect: Z =2.46 (P = 0.01)

Fig. 4 Meta-analysis of the overall survival. Diamond indicates the pooled effect size
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HER2 Low HER2 Zero Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight 1V, Fixed, 95% CI Year IV, Fixed, 95% CI
Bao 2021 0.6729 0.3283 82 24 27% 1.96[1.03,3.73] 2021 =
Bortot 2021 -0.0202 0.2947 0 0 3.3% 0.98[0.55, 1.75] 2021 =
Douganiotis Palbo 2022 0.5312 0.4094 0 0 1.7% 1.70[0.76, 3.79] 2022 T
Carlino 2022 0.2546 0.1837 0 0 8.5% 1.29[0.90, 1.85] 2022 ™
Douganiotis Ribo 2022 0.0218 0.3685 0 0 21% 1.02[0.50, 2.10] 2022 N
Lapuchesky 2022 0.3075 0.2221 0 0 58% 1.36[0.88,2.10] 2022 ™
Caliskan Yildirim 2023 -0.0408 0.2069 0 0 6.7% 0.96[0.64, 1.44] 2023 ==
Mouabbi 1st Line 2023 0.0862 0.0865 0 0 384% 1.09[0.92, 1.29] 2023 -
Mouabbi 2nd Line 2023 0.1823 0.1881 0 0 8.1% 1.20[0.83, 1.73] 2023 g =l
Sharaf 2023 0.4121 0.1805 0 0 8.8% 1.51[1.06,2.15] 2023 T
Zattarin 2023 0.3507 0.1444 0 0 138% 1.42[1.07,1.88] 2023 =
Total (95% Cl) 82 24 100.0% 1.22[1.10, 1.35] [}
Heterogeneity: Chi? = 9.40, df = 10 (P = 0.49); I? = 0% f + t 1
Test for overall effect: Z = 3.66 (P = 0.0003) R L . b
Fig.2 Meta-analysis of progression-free survival. Diamond indicates the pooled effect size
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Fixed, 95% CI Year IV, Fixed, 95% CI
3.1.1 First Line
Bortot 2021 -0.0202 0.2947 4.4% 0.98[0.55, 1.75] 2021 i
Douganiotis Ribo 2022 0.0218 0.3685 2.8% 1.02[0.50,2.10] 2022 N
Douganiotis Palbo 2022 0.5312 04094 2.3% 1.70[0.76, 3.79] 2022 T
Carlino 2022 0.2546 0.1837 11.2% 1.29[0.90, 1.85] 2022 ™
Zattarin 2023 0.3507 0.1444 18.1% 1.42[1.07,1.88] 2023 B
Mouabbi 1st Line 2023 0.0862 0.0865 50.6% 1.09[0.92, 1.29] 2023 u
Subtotal (95% Cl) 89.3% 1.18 [1.04, 1.34]
Heterogeneity: Chi? = 4.07, df =5 (P = 0.54); 1> = 0%
Test for overall effect: Z =2.54 (P = 0.01)
3.1.2 Second Line
Mouabbi 2nd Line 2023 0.1823 0.1881 10.7% 1.20[0.83, 1.73] 2023 §i
Subtotal (95% Cl) 10.7% 1.20 [0.83, 1.73] &
Heterogeneity: Not applicable
Test for overall effect: Z = 0.97 (P = 0.33)
Total (95% ClI) 100.0% 1.18 [1.05, 1.33] IQ
Heterogeneity: Chi2 = 4.08, df = 6 (P = 0.67); I = 0% I t t t i
Test f Il effect: Z =2.71 (P = 0.007 00 Gl L 10 L
est for overall effect: Z =2.71 (P = 0.007) HER2 Low HER Zero
Test for subaroup differences: Chi? = 0.01, df =1 (P = 0.93), 1= 0%
Fig.3 Subgroup analyses of PFS according to treatment line
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight |V, Fixed, 95% CI Year IV, Fixed, 95% CI
Bortot 2021 -0.1165 0.4342 3.6% 0.89[0.38,2.08] 2021 =
Carlino 2022 0.4762 0.3199 6.6% 1.61[0.86, 3.01] 2022 T
Lapuchesky 2022 -0.0408 0.3754 4.8% 0.96[0.46, 2.00] 2022 .
Zattarin 2023 0.4947 0.2131 14.9% 1.64[1.08, 2.49] 2023 B
Mouabbi 1st Line 2023 0.131 0.1094 56.6% 1.14[0.92, 1.41] 2023 =
Mouabbi 2nd Line 2023 0.2151 0.2236 13.5% 1.24[0.80, 1.92] 2023 |
Total (95% CI) 100.0% 1.22[1.04, 1.44] ’
ity: 2= = = - 12 = 0Y I + + {
Heterogeneity: Chi? = 4.00, df = 5 (P = 0.55); 1> = 0% 0.01 01 1 10 100
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HER2 Low HER2 Zero Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Shao 2022 6 21 10 24 16.8% 0.56 [0.16, 1.95] 2022 L
Caliskan Yildirim 2023 48 66 92 138 37.4% 1.33[0.70, 2.55] 2023 L
Sharaf 2023 56 143 59 114 458% 0.60 [0.36, 0.99] 2023 —
Total (95% Cl) 230 276 100.0% 0.80 [0.44, 1.44)] <>
Total events 110 161
ity 2 = . i2 = = = 12 = 0, I t t i
Heterogeneity: Tau? = 0.13; Chi*> = 3.98, df = 2 (P = 0.14); I> = 50% 0.01 01 1 10 100

Test for overall effect: Z = 0.75 (P = 0.46)

Fig.5 Meta-analysis of the overall response rate

could vary between the primary tumor and the metastasis
[44, 45]. However, the source of the HER2-low defini-
tion (primary vs metastasis) was absent in the included
studies in the meta-analysis [46]. Further research on the
prognostic role of HER2-low status should ideally evaluate
interobserver variability for case definition and report on
the tissue in which the HER2-low status was evaluated.

The present meta-analysis is subject to several limita-
tions. First, most of the available studies were retrospec-
tive and had limited sample sizes. The study cohorts were
also heterogeneous regarding the treatment line and endo-
crine treatment partner limiting the ability to conduct sub-
group analyses with adequate power. The follow-up time
was short in most studies, limiting the reliability of overall
survival results. The adjustments according to additional
clinical parameters were absent in most studies. Lastly,
due to the retrospective nature of most studies, causality
regarding the effects of HER2-low status on survival out-
comes could not be assured, and we opted to use the term
association instead of effect in our reporting. However,
despite these limitations, we observed a negative effect
of low-level HER2 expression on survival outcomes in
a pooled cohort of over 2700 patients. If our results are
supported by prospective studies with longer follow-ups,
the patients with advanced HR+HER?2-low breast cancer
could be candidates for novel combination approaches to
improve outcomes with CDK 4/6 inhibitors.

Conclusion

In conclusion, the available evidence demonstrates a sig-
nificantly higher risk of progression or death with CDK
4/6 inhibitors in HER2-low tumors. While the CDK 4/6
inhibitor plus endocrine therapy is the standard of care
independent of the HER2-low status, further research is
needed to improve outcomes in patients with HR+HER2-
low tumors.
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