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Abstract

Purpose There is evidence that statins might improve the outcome of patients with breast cancer. The role of statins in
patients with early HER2-positive breast cancer is unknown. Therefore, we explored the association between statin use and
survival outcomes in early HER2-positive breast cancer patients in the phase III APHINITY trial (adjuvant pertuzumab/
trastuzumab).

Methods All patients (intent-to-treat population, n =4804) were included (6.2 years median follow-up database). The pri-
mary objective was to investigate the association of statin use on invasive disease-free survival (IDFS), distant relapse-free
interval (DRFI), and overall survival (OS). Patients who received statins at baseline, or started statins within 1 year from
randomization were considered statin users. Survival curves were estimated using the Kaplan—-Meier method. We used a
Cox proportional hazards model for multivariate analysis.

Results Overall, 423 (8.8%) patients were classified as statin users. They were older, more often postmenopausal, had a higher
body mass index, more often diabetes, hypertension, coronary heart disease and hyperlipidemia, had smaller sized tumors,
were treated more often with breast conserving surgery, and less often with anthracycline-containing regimens. Overall, 508
IDFS events (12.8% among statin users and 10.4% among non-statin users) and 272 deaths (8.5% and 5.4%, respectively)
occurred. In multivariate analysis, statin use was not associated with IDFS (HR, 1.11; 95% CI, 0.80-1.52), DRFI (HR, 1.21;
95% CI, 0.81-1.81) nor OS (HR, 1.16; 95% CI, 0.78-1.73).

Conclusion In APHINITY, statin use was not associated with improved survival outcomes. These results must be interpreted
with caution due to the exploratory nature of the analysis and the associated limitations.
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Introduction

About 15%—20% of all breast cancers (BC) show overex-
pression/amplification of the human epidermal growth factor
receptor 2 (HER2). In the absence of specific anti-HER2
treatments, HER2-positive (HER2+) BC is an aggressive
BC subtype with worse prognosis than hormone receptor-
positive disease. Targeting the HER2 pathway has led to
marked improvement in the outcome of patients in both early
and advanced disease settings [1, 2]. However, despite the
efficacy of anti-HER?2 drugs and the improved outcomes
seen with combination of different HER2-pathway inhibi-
tors, resistance remains a clinical challenge [3].

Extended author information available on the last page of the article

Comorbidities are present in 32-42% of BC patients,
with hypertension being most common, followed by other
cardiovascular diseases and type 2 diabetes [4]. Accord-
ingly, many patients with BC are prescribed medications,
including statins, for such conditions. In addition to cho-
lesterol biosynthesis, the mevalonate pathway, via iso-
prenoid intermediates, can generate cell proliferative and
survival signals [5]. Preclinical evidence suggested that
the mevalonate pathway might play a role in tumor initia-
tion and progression [6]. The rate-limiting enzyme of the
mevalonate pathway is the hydroxymethylglutaryl coen-
zyme A reductase, which can be inhibited by statins. Pre-
clinical work, including BC models, suggested that statins
might induce apoptosis and reduce tumor growth, angio-
genesis, and metastases [7, 8]. Observational studies have
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provided conflicting data regarding the possible impact of
statins on breast cancer outcomes. The definition of statin
users differed between the studies which makes compara-
bility difficult. Some observational studies, including two
meta-analyses, suggested a protective association between
statin use and breast-cancer specific death and/or overall
survival (OS) [9-22], while other studies have not shown a
positive effect of statins on this survival outcome [23-31].
Regarding BC recurrence, some studies have reported that
statin use correlates with better outcomes [16-18, 21, 25,
29, 32-35], while others have not found this association
[20, 27, 28, 30, 36-39].

Preclinical models suggested that the mevalonate path-
way acts as an escape mechanism of survival and growth
in HER2 + BC resistant to anti-HER?2 therapies. Inhibitors
of the pathway with simvastatin resulted in apoptosis and
growth inhibition of resistant BC cells [40]. Examining the
association between statin use and the outcome of patients
with HER2 +BC is therefore warranted. Accordingly, we
investigated the association between statin use and survival
outcomes in patients with early HER2 + BC enrolled in the
APHINITY trial.

Methods

APHINITY is a prospective, randomized, double-blind
phase 3 trial that tested the addition of pertuzumab to
trastuzumab and chemotherapy as adjuvant treatment for
patients with early HER2 + BC. Overall, 4805 patients
were randomly assigned to receive chemotherapy and tras-
tuzumab plus either pertuzumab or placebo. The addition
of pertuzumab was associated with an improved invasive
disease-free survival (IDFS). Yet this benefit was restricted
to patients with node-positive disease. Detailed information
regarding study design, eligibility, conduct and results were
previously reported [41-43].

Study population

All patients in the intent-to-treat population (n = 4804) were
included in the current analysis, at a median follow-up of
6.2 years. Trial baseline case report forms collected co-
medications and investigators were asked to document any
new treatment, irrespective of its duration, throughout the
conduct of the trial. Patients who received statins at baseline,
or started statins within 1 year from randomization were
considered statin users. To prevent lead-time-bias, patients
with start of statins more than 1 year from randomization
were considered non-users.

@ Springer

Primary outcome

The primary objective of this sub-study was to determine
the association between statin use and outcomes in terms
of IDFS, distant relapse-free interval (DRFI), and OS. For
IDFS, DRFI and OS the same definitions as in the APHIN-
ITY trial were used [41]. IDFES is defined as the time from
randomization until the date of the first occurrence of
ipsilateral invasive breast tumor, recurrence of ipsilateral
locoregional invasive disease, a distant disease recurrence,
contralateral invasive BC, or death from any cause. DRFI
is defined as the time between randomization and the date
of distant BC recurrence. OS is defined as the time from
randomization to death due to any cause.

Statistical analysis

Patients’ and tumor baseline characteristics were com-
pared with respect to the presence or absence of statin
co-medication using the chi-square test. Survival curves
for IDFS, DRFI, and OS according to the presence or
absence of statin co-medication were estimated using the
Kaplan Meier method. In univariate analysis, the associa-
tion of statin use (statin use, lipophilic and hydrophilic
statins =3 groups) was assessed, stratified by randomized
arm (pertuzumab versus [vs] placebo), menopausal status
(premenopausal vs postmenopausal), hormone receptor
status (negative vs positive; centrally assessed) and body
mass index (BMI; normal [20-24.9 kg/m?] vs overweight
[25.0-29.9 kg/m?] vs obese [> 30.0 kg/m?]). Considering
multiple testing with respective type I error increase, a
Bonferroni testing was applied and a p-value <0.00167
(i.e., 0.05/30 [10 groups X 3 tests]) was considered sta-
tistically significant. A multivariate analysis using a Cox
proportional hazard model was used to assess the associa-
tion of statin use adjusted for age (< 65 vs > 65 years),
menopausal status (premenopausal vs postmenopausal),
BMI (< 30 kg/m? vs 30-34.9 kg/m? vs > 35 kg/m?), tumor
size (< 2cmvs >2 <5 cm vs >5 cm), nodal status (none
vs 1-3 vs >4 positive lymph nodes), hormone receptor
status (negative vs positive), existence of comorbidities
(diabetes, hypertension and coronary heart disease; as
noted by the investigators), and treatment arm (placebo
vs pertuzumab). A fixed time Cox model with starting
timepoint of randomization was used as primary analysis.
Interaction terms were considered between statin use at
any time and treatment arm, hormone receptor status and
BMI. A multivariate competing risk analysis for OS was
performed considering cause of death other than breast
cancer as a competing risk. Two sensitivity analyses for
the association of statin use with IDFS, DRFI and OS were
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performed (Cox model adjusting for the same variables as
above): 1) considering a landmark at 12 months (i.e., start
at 1 year after randomization), and 2) considering start of
statin use as a time-dependent variable. Statistical analysis
was conducted using SAS 9.4 software (SAS Institute Inc.,
Cary, NC, USA).

Results
Patient population

Of the 4804 patients of the intent-to-treat population, 423
patients (8.8%) were classified as statin users (n= 302 only
lipophilic statin users, n= 116 only hydrophilic statin users
and n= 5 lipophilic and hydrophilic statin users). For the
majority of statin users (n= 230, 54.4%), exact start and
stop dates of statin treatment were missing. For 42 statin
users (9.9%), start and stop dates of statin treatment were
available. For these patients, median time on statins was 5
months (interquartile range [IQR], 2-34 months). For the
rest of the statin users, either start date (n= 32; 7.6%) or end
date (n=119; 28.1%) was missing. The majority of statin
users (91.5%) were on statin treatment at baseline and during
study treatment. Twenty-five patients (5.9%) started statin
treatment after randomization (median time from randomiza-
tion to treatment start, 2.3 months; IQR, 2 days-6.6 months).
Two patients started statin treatment more than 1 year after
randomization and were considered non-statin users. Table 1
illustrates the baseline characteristics of the study popula-
tion. Compared to non-statin users, statin users were older
(median age, 62 vs 50 years), more frequently postmenopau-
sal (91.1% vs 47.6%), had a higher BMI (median, 27.3 kg/m?
vs 24.4 kg/mz), had smaller sized tumors (< 1.9 cm, 46.1%
vs 39.5%), were treated more often with breast conserv-
ing surgery than with mastectomy (54.1% vs 44.9%), were
treated less frequently with anthracycline-containing regi-
mens (71.4% vs 78.6%) and were more often diagnosed with
diabetes (24.6% vs 3.9%), hypertension (64.1% vs 18.4%),
coronary heart disease (4.0% vs 0.6%) and hyperlipidemia
(83.0% vs 3.4%).

Survival outcomes

The median follow-up for OS was 73.8 months (IQR,
69.3-75.5 months) for statin users and 74.1 months (IQR,
69.3-75.5 months) for non-statin users. Overall, 508 IDFS
events (54/423 [12.8%] among statin users and 454/4381
[10.4%] among non-statin users), 343 DRFI events (33/423
[7.8%] and 310/4381 [7.1%], respectively) and 272 deaths
(36/423 [8.5%] and 236/4381 [5.4%], respectively) occurred.
The most common cause of death was related to recurrence
of BC (n=187; 69%). Of the 36 deaths among statin users,

21 [58.3%] were due to recurrence of disease. Of the 236
deaths among the non-statin users, 166 [70.3%] were due
to recurrence of disease. Numerically, there were more
non-BC-related deaths in statin users (n= 15; 41.7%) than
in non-statin users (n= 70; 29.7%). Figure 1 shows the
Kaplan Meier curves for IDFS, DRFI, and OS. Applying the
Bonferroni correction with a p-value <0.00167 for statistical
significance, statin use had no association with IDFS (hazard
ratio [HR], 1.27; 95% confidence interval [CI], 0.95-1.68;
p-value =0.10) or DRFI (HR, 1.13; 95% CI, 0.79-1.61;
p-value =0.52) in univariate analysis. Regarding OS, statin
use overall was associated with a trend to worse outcome in
univariate analysis (HR, 1.62, 95% CI, 1.14-2.31; p-value
0.007) without reaching statistical significance.
Supplementary Table 1 (Supplementary Information)
shows the univariate analysis of IDFS, DRFI and OS strati-
fied by treatment arm, menopausal status, hormone receptor
status and BMI. No subgroup was identified that showed
a significant association between statin use and IDFS,
DRFI nor OS: When stratified by treatment arm within the
APHINITY trial, menopausal status, BMI, tumor size, nodal
status or hormone receptor status, treatment with statins in
general, lipohilic or hydrophilic statins was not associated
with survival outcomes. In multivariate analysis, no associa-
tion was observed between statin use and IDFS (HR, 1.11;
95% CI, 0.80-1.52; p- value =0.54), DRFI (HR, 1.21; 95%
CI, 0.81-1.81; p-value =0.35) or OS (HR, 1.16; 95% CI,
0.78-1.73; p-value =0.45) (Table 2). These findings were
confirmed in the two sensitivity analyses (Table 3).

Discussion

In this exploratory analysis of the APHINITY trial, we
investigated the association of statin treatment and clinical
outcomes of patients with early HER2 + BC treated with
chemotherapy plus trastuzumab with or without pertuzumab.
Previous studies provide clinical evidence suggesting a pro-
tective role of statins in patients with BC. In the BIG 1-98
trial, use of cholesterol-lowering medications was associ-
ated with improved outcome among 8010 postmenopausal
patients with early-stage, hormone receptor-positive BC.
Notably, initiation of treatment during endocrine therapy
appeared to be associated with improved DFS (HR, 0.79;
95% CI, 0.66-0.95), breast cancer-free interval (HR, 0.76;
95% CI, 0.60-0.97) and distant recurrence-free interval
(HR, 0.74; 95% CI, 0.56-0.97) [35]. A nationwide Danish
prospective cohort study suggested that lipophilic statin use
reduced the risk of recurrence at 10 years among 18,769
women with early-stage BC (HR, 0.73; 95% CI, 0.60-0.89).
The protective effect was most pronounced in patients with
hormone receptor-positive disease. The study included
patients followed on the Danish Breast Cancer Cooperative
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Table 1 Baseline characteristics

of the study population
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Parameters Statin users Non-statin users p-value
n=423 n= 4381

Age
Median (IQR), years 62 (57-68) 50 (43-58) < 0.001
< 65 years, n (%) 256 (60.5) 3940 (89.9)
> 65 years, n (%) 167 (39.5) 441 (10.1)

Gender
Female, n (%) 418 (98.8) 4375 (99.9) 0.002
Male, n (%) 5(1.2) 6(0.1)

Menopausal status
Postmenopausal, n (%) 380 (91.1) 2082 (47.6) < 0.001
Premenopausal, n (%) 37 (8.9) 2288 (52.4)
Missing, n 1 5
Men, n 5 6

BMI
Median (IQR), kg/m? 27.3 (24.1-31.5) 24.4 (21.9-28.0) < 0.001
< 30 kg/m?, n (%) 280 (66.2) 3647 (83.6)
> 30 kg/m? < 35 kg/m?, n (%) 93 (22.0) 475 (10.9)
> 35 kg/m2, n (%) 50 (11.8) 242 (5.5)

Missing, n 17

Type of surgery
Breast conserving, n (%) 229 (54.1) 1965 (44.9) < 0.001
Mastectomy, n (%) 194 (45.9) 2413 (55.1)
Missing, n 3

Histology
Ductal, n (%) 387 (91.5) 3945 (90.0) 0.33
Lobular, n (%) 12 (2.8) 112 (2.6)
Mixed, DCIS, LCIS, n (%) 8(1.9) 101 (2.3)
Other, n (%) 16 (3.8) 223 (5.1)

Nodal status
0, n (%) 166 (39.2) 1633 (37.3) 0.32
1-3, n (%) 159 (37.6) 1648 (37.6)
>4,n (%) 98 (23.2) 1100 (25.1)

Hormone receptor status
ER and PR—, n (%) 144 (34.0) 1488 (34.0) 0.97
ER and/or PR+, n (%) 279 (66.0) 2893 (66.0)

Tumor grade
1,n (%) 6 (1.5) 89 (2.1) 0.72
2,n (%) 134 (33.3) 1395 (33.1)
3,n (%) 262 (65.2) 2735 (64.8)
Unevaluable/unknown, n 21 162

Tumor size
0-1.9 cm, n (%) 195 (46.1) 1726 (39.5) 0.02
2-4.9 cm, n (%) 201 (47.5) 2355 (53.8)
>5cm, n (%) 27 (6.4) 294 (6.7)
Unknown, n 6

Randomization arm
Pertuzumab, n (%) 201 (47.5) 2199 (50.2) 0.29
Placebo, n (%) 222 (52.5) 2182 (49.8)

Adjuvant chemotherapy
Anthracycline, n (%) 302 (71.4) 3442 (78.6) 0.001
Non-anthracycline, n (%) 121 (28.6) 939 (21.4)
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Table 1 (continued) Parameters Statin users Non-statin users p-value
n=423 n=4381
Adjuvant radiotherapy
No, n (%) 115 (27.2) 1207 (27.6) 0.87
Yes, n (%) 308 (72.8) 3174 (72.4)
Adjuvant ET, n=3172
No, n (%) 50 (17.9) 455 (15.7) 0.35
Yes, n (%) 229 (82.1) 2438 (84.3)
Diabetes
No, n (%) 319 (75.4) 4210 (96.1) < 0.001
Yes, n (%) 104 (24.6) 171 3.9)
Hypertension
No, n (%) 152 (35.9) 3575 (81.6) < 0.001
Yes, n (%) 271 (64.1) 806 (18.4)
Coronary heart disease
No, n (%) 406 (96.0) 4356 (99.4) < 0.001
Yes, n (%) 17 (4.0) 25 (0.6)
Hyperlipidemia
No, n (%) 72 (17.0) 4230 (96.6) < 0.001
Yes, n (%) 351 (83.0) 151 (3.4)
Any of the above 4 comorbidities
No, n (%) 16 (3.8) 3400 (77.6) < 0.001
Yes, n (%) 407 (96.2) 981 (22.4)

BMI body mass index, DCIS ductal carcinoma in situ, ER estrogen receptor, ET endocrine therapy, in ER+
and/or PR+ disease, IQR interquartile range, LCIS lobular carcinoma in situ; nodal status, number of posi-
tive lymph nodes, PR progesterone receptor

Group registry between 1996 and 2003 [32]. Other studies
were unable to show a protective correlation between statin
use and BC recurrence. The Life After Cancer Epidemiology
Study including 1945 early-stage BC patients (diagnosed
between 1997 and 2000) failed to show a statistically signifi-
cant reduction in BC recurrences in patients receiving statins
(rate ratio, 0.67; 95% CI, 0.39-1.13). Of note, lipophilic
statins were mainly prescribed [36]. In line with these data,
an analysis from the German MARIEplus study of more
than 3000 patients with BC did not provide clear supportive
evidence for an association between lipid-lowering drugs
and BC outcome — both in terms of recurrence and BC-
specific mortality [27]. A post-hoc analysis of the ABCSG-
18 trial including patients with hormone receptor-positive
BC suggested a worse DFS (HR, 1.35; 95% CI, 1.04-1.75)
of patients receiving concomitant statins. Yet, after correc-
tion for possible confounders (age, smoking status, adjuvant
chemotherapy) this effect subsided [39].

Regarding death from BC, a recent cancer registry anal-
ysis of 14,976 women diagnosed with BC between 2007
and 2016 in New Zealand found a protective association
between statin use and BC-specific death (HR, 0.74; 95%
CI, 0.63-0.86). In subgroup analysis, this association was
restricted to women with hormone receptor-positive BC,
postmenopausal women, women with advanced stage

disease and prevalent statin users [20]. A cohort study of
13,378 females diagnosed with BC between 1995 and 2013
in Finland reported a protective association between post-
diagnostic statin use and death from BC when the median
total cholesterol decreased subsequently (HR, 0.49; 95% ClI,
0.32-0.75). Yet, this risk difference was only statistically
significant in hormone receptor-positive BC and not evident
in triple-negative or HER2 +BC [22]. A nationwide cohort
study in Scotland of 15,140 newly diagnosed BC patients
from 2009 to 2012 within the Scottish Cancer registry did
not find clear evidence of a protective association between
post-diagnostic statin use and BC-specific mortality (HR,
0.95; 95% CI, 0.79-1.15) [31]. A meta-analysis in 2016,
which included 10 studies with BC patients, suggested that
statin use was associated with improvement in recurrence-
free survival, overall survival and cancer-specific sur-
vival. At least the improvement in recurrence-free survival
appeared to be confined to the use of lipophilic statins [17].
A recent meta-analysis which included 23 studies showed
that statin use was associated with lower BC recurrence,
all-cause mortality and disease-specific mortality [18]. It
cannot be ruled out that the protective association between
statin use and overall survival observed in some studies is
due to a cardioprotective role of statins in patients with hor-
mone receptor-positive disease taking aromatase inhibitors.
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Fig.1 Kaplan Meier curves for survival endpoints unadjusted for
patient and disease characteristics. Time, in years, is measured from
date of randomization; Twenty-five patients (5.9%) started statin
treatment after randomization (median time from randomization to
treatment start, 2.3 months; IQR, 2 days—6.6 months). Overall about
95% of statin users were under treatment at randomization (91%)
or started within 3 months after randomization (4%). Two patients

It is not clear if the duration of statin exposure might play
a role with regard to survival outcomes of BC patients. In
the previously mentioned cohort study in New Zealand the
risk for BC death generally decreased with increasing statin
dosage over time. Other studies suggest that statins become
more protective with increasing dose [9, 10, 13, 16, 22],
while others have found no evidence of a dose dependency
[11, 15,19, 23, 31, 36]. Furthermore, two clinical trials that
examined statin treatment in the neoadjuvant setting sug-
gested a positive effect on reducing tumor proliferation even
when taking statins only for a very short time [44, 45].

The majority of studies in the literature have not reported
results of statin use in HER2 +BC or detailed information
for this subgroup is missing. Preclinical models suggest
that the mevalonate pathway, which can be targeted with
statins, acts as an escape mechanism of survival and growth
in HER2 + BC resistant to anti-HER2 therapies [40]. In
line with the subgroup analysis in the BIG 1-98 trial, we
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started statin treatment after 1 year from randomization and were
considered non-statin users. Results landmarked from 12 months
after study enrolment, and those based on a time-varying Cox model
analysis were similar to those depicted in this analysis measured from
date of randomization. CI confidence interval, DRFI distant relapse-
free interval, HR hazard ratio, IDFS invasive disease-free survival,
No. number, OS overall survival

found that statin users were more likely to be diagnosed with
smaller sized tumors than non-statin users [35]. Numerically
there were slightly more distant relapses and more IDFS
events among statin users than among non-statin users (7.8%
vs 7.1% and 12.8% vs 10.4%, respectively) despite the fact
that statin users were diagnosed with smaller sized tumors.
Yet, in multivariate analysis (adjusted for tumor size, nodal
status and the existence of comorbidities among others) and
despite the biological rationale, the current analysis showed
no association of statin use on IDFS, DRFI, or OS in this
large patient cohort of early HER2 +BC. Hormone receptor
status had no impact on the results. Statin use overall was
associated with a trend to worse OS in univariate analy-
sis. The results were not statistically significant and may
be subject to residual confounding. It should come as no
surprise that patients who take statins under the assumption
of a concomitant disease could have a higher risk of death
during the course of a clinical trial follow-up. In a competing
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Table 2 Multivariate analysis of

Parameter Patients, n Events, n Hazard ratio (95% CI) p-value
IDFS, DRFI, and OS
IDFS
Statin use
No 4348 452 1.00
Yes 417 51 1.11 (0.80-1.52) 0.54
Age group
< 65 years 4161 429 1.00
> 65 years 604 74 1.30 (0.98-1.72) 0.07
Menopausal status
Premenopausal 2311 244 1.00
Postmenopausal 2454 259 0.95 (0.78-1.16) 0.62
Hormone receptor status
ER and/or PR positive 3148 316 1.00
ER and PR negative 1617 187 1.10 (0.92-1.32) 0.30
BMI
< 30 kg/m? 3911 404 1.00
> 30 kg/m? < 35 kg/m? 563 66 1.09 (0.83-1.42) 0.53
> 35 kg/m? 291 33 0.94 (0.65-1.36) 0.75
Diabetes
No 4493 472 1.00
Yes 272 31 0.93 (0.63-1.37) 0.71
Hypertension
No 3700 375 1.00
Yes 1065 128 1.13 (0.90-1.42) 0.30
Coronary heart disease
No 4724 495 1.00
Yes 41 8 1.96 (0.96-3.99) 0.06
Nodal status
0 nodes 1785 94 1.00
1-3 nodes 1795 176 1.91 (1.48-2.46) < 0.001
> 4 nodes 1185 233 3.86 (3.01-4.95) < 0.001
Tumor size
0-1.9 cm 1906 152 1.00
>2cm<5cm 2541 282 1.20 (0.98-1.47) 0.08
>5cm 318 69 1.87 (1.39-2.51) < 0.001
Treatment arm
Placebo 2383 282 1.00
Pertuzumab 2382 221 0.78 (0.65-0.93) 0.005
DRFI
Statin use
No 4348 309 1.00
Yes 417 32 1.21 (0.81-1.81) 0.35
Age group
< 65 years 4161 304 1.00
> 65 years 604 37 0.99 (0.68-1.45) 0.98
Menopausal status
Premenopausal 2311 179 1.00
Postmenopausal 2454 162 0.92 (0.72-1.17) 0.48
Hormone receptor status
ER and/or PR positive 3148 217 1.00
ER and PR negative 1617 124 1.05 (0.84-1.32) 0.66
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Table 2 (continued)
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Parameter Patients, n Events, n Hazard ratio (95% CI) p-value
BMI

< 30 kg/m? 3911 277 1.00

> 30 kg/m? < 35 kg/m? 563 43 1.06 (0.76-1.47) 0.74

> 35 kg/m? 291 21 0.87 (0.55-1.38) 0.57
Diabetes

No 4498 324 1.00

Yes 272 17 0.82 (0.49-1.38) 0.46
Hypertension

No 3700 265 1.00

Yes 1065 76 1.01 (0.76-1.35) 0.94
Coronary heart disease

No 4725 336 1.00

Yes 41 5 1.85 (0.75-4.56) 0.18
Nodal status

0 nodes 1785 38 1.00

1-3 nodes 1795 107 2.75 (1.90-3.99) < 0.001

> 4 nodes 1185 196 7.58 (5.31-10.82) < 0.001
Tumor size

0-1.9 cm 1906 87 1.00

>2cm<5cm 2541 197 1.34 (1.04-1.73) 0.02

>5cm 318 57 2.19 (1.55-3.09) < 0.001
Treatment arm

Placebo 2383 192 1.00

Pertuzumab 2382 149 0.78 (0.63-0.96) 0.02
oS

Statin use

No 4348 234 1.00
Yes 417 34 1.16 (0.78-1.73) 0.45

Age group

< 65 years 4161 214 1.00

> 65 years 604 54 1.47 (1.05-2.06) 0.02
Menopausal status

Premenopausal 2311 97 1.00

Postmenopausal 2454 171 1.52 (1.15-2.01) 0.004
Hormone receptor status

ER and/or PR positive 3148 147 1.00

ER and PR negative 1617 121 1.46 (1.14-1.86) 0.002
BMI

< 30 kg/m? 3911 213 1.00

> 30 kg/m? < 35 kg/m? 563 33 0.95 (0.65-1.38) 0.80

> 35 kg/m? 291 22 1.20 (0.76-1.89) 0.44
Diabetes

No 4493 248 1.00

Yes 272 20 0.94 (0.58-1.52) 0.80
Hypertension

No 3700 189 1.00

Yes 1065 79 1.11 (0.82-1.51) 0.49
Coronary heart disease

No 4724 263 1.00

Yes 41 5 1.78 (0.72-4.37) 0.21

Nodal status
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Table2 (continued) Parameter Patients, n Events, n Hazard ratio (95% CI) p-value
0 nodes 1785 48 1.00
1-3 nodes 1795 85 1.84 (1.29-2.63) < 0.001
> 4 nodes 1185 135 4.10 (2.91-5.78) < 0.001
Tumor size
0-1.9 cm 1906 72 1.00
>2cm<5cm 2541 152 1.37 (1.03-1.82) 0.03
>5cm 318 44 2.40 (1.62-3.55) < 0.001
Treatment arm
Placebo 2383 143 1.00
Pertuzumab 2382 125 0.87 (0.69-1.11) 0.27

None of the two-way interaction terms with statins use reached statistical significance. Therefore, the mul-
tivariate analysis reports only the main effects. For the multivariate analysis, only patients for whom all
variables were available (n= 4765) were included

BMI body mass index, CI confidence interval, DRFI distant relapse-free interval, ER estrogen receptor,
IDFS invasive disease-free survival; nodal status, number of positive lymph nodes, OS overall survival; PR

progesterone receptor

risk analysis with the event of interest being death due to
BC, statin treatment was not associated with outcome. Of
note, statin users were treated less frequently with anthracy-
cline-containing regimens than non-statin users which might
have influenced the results. In contrast to some observational
studies, neither lipophilic nor hydrophilic statin use was
associated with an improved outcome.

Study limitations

Some limitations exist in our study: (a) the exploratory
nature of the analysis—the association between statin use
and BC outcome was not a predefined hypothesis; (b) the
vast majority of patients who received statins (91%) were
receiving them at enrolment to APHINITY, although in
54% of cases the exact start date of statin co-medication
was not available; (c) statin adherence was not systemati-
cally assessed and checked. Hence, we cannot exclude that
some patients were non-adherent to treatment or might
have received statins only for a short period of time; (d)
the documentation of causes of death within APHINITY

(especially considering competing events) might not have
been optimal; e) lipid parameters were not collected either
at baseline or during the course of the study, so it is not pos-
sible to draw any conclusions about a possible association
with the outcome.

The strength of our analysis lies in the evaluation of a
large, prospective phase 3 study with comprehensive infor-
mation on patient and tumor characteristics and information
on disease recurrence, type of recurrence, and deaths. To the
best of our knowledge, our analysis is the largest focusing
on statin co-medication in patients with early HER2 + BC.

In conclusion, in our analysis the use of statins within the
APHINITY trial was not associated with improved outcomes
in terms of IDFS, DRFI, and OS in patients with early HER2
+BC. Only a prospective, randomized study would be able
to clarify whether the prognosis of patients with early breast
cancer could be improved by statins. However, consider-
ing the high costs and complexity of running such a trial,
it remains questionable whether this will ever happen. So
far, apart from the current known indications for statin use,
adding statins for early HER2-positive breast cancer is not
recommended.
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Table 3 Multivariate analysis of IDFS, DRFI, and OS—Sensitivity
analyses. No significant interaction between statin use, obesity, treat-
ment arm, hormone receptor status, and survival could be detected
(all p-values >0.05). In multivariate analysis, factors that were asso-
ciated with worse OS were larger tumor size, nodal positivity, hor-
mone receptor negativity, older age and postmenopausal status. Fac-
tors associated with worse IDFS and DRFI were larger tumor size,
nodal positivity and placebo treatment (Table 2). In a competing risk
analysis with the outcome of interest being death due to breast cancer,
statin treatment was not associated with a better or worse outcome
(HR, 1.29; 95% CI, 0.77-2.19; p-value =0.34)

Parameter Patients, n Events,n Hazard ratio (95% CI) p-value

Landmark at 12 months

IDFS

Statin use

No 4160 399 1.00

Yes 393 44 1.13 (0.80-1.59) 0.49
DRFI

Statin use

No 4160 276 1.00

Yes 393 31 1.31 (0.86-1.97) 0.20
oS

Statin use

No 4160 198 1.00

Yes 393 28 1.15 (0.74-1.78) 0.53

Start statin as time-dependent covariate

IDFS

Statin use

No 4348 452 1.00

Yes 417 51 1.11 (0.81-1.53) 0.52
DRFI

Statin use

No 4348 309 1.00

Yes 417 32 1.21 (0.81-1.81) 0.35
(N

Statin use

No 4348 234 1.00

Yes 417 34 1.17 (0.79-1.73) 0.44

CI confidence interval, DRFI distant relapse-free interval, I/DFS inva-
sive disease-free survival, OS overall survival

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10549-025-07699-2.
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