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Abstract

Background: Pegylated liposomal doxorubicin (PLD), epirubicin and pirarubicin are the main
anthracyclines widely used in China. PLD demonstrates therapeutic response comparable to
epirubicin and pirarubicin in neoadjuvant chemotherapy (NAC) of breast cancer.

Objectives: The objectives of our study were to retrospectively assess the real-world
effectiveness and prognostic characteristics of PLD as NAC for HR < 10%/human epidermal
growth factor receptor 2 (HER2]-negative breast cancer.

Design: This was a retrospective study.

Methods: Our study enrolled patients with HR < 10%/HER2-negative breast cancer who
received PLD-, epirubicin- or pirarubicin-based NAC from three centres in Hunan Province,
China, between 2015 and 2022. We employed inverse probability of treatment weighting to
balance the differences in patients’ characteristics among the PLD, epirubicin, and pirarubicin
groups. The endpoints were pathological complete response (pCR), event-free survival (EFS],
and overall survival (0S).

Results: A total of 267 patients were included. After NAC, the pCR rates in PLD group were
superior to epirubicin group (PLD, 34.1%; epirubicin, 20.8%, p=0.038). The differences in EFS
(log-rank p=0.99] and OS (log-rank p=0.33) among the three groups were not statistically
significant. Among the three groups, non-pCR patients had worse EFS than pCR patients (log-
rank p=0.014). For patients with pCR, the differences in EFS (log-rank p=0.47) and OS (log-
rank p=0.38) were not statistically significant among the three groups, and the EFS (log-rank
p=0.59) and 0S (log-rank p=0.14) of non-pCR patients in the PLD group were similar to those
in the epirubicin and pirarubicin groups.

Conclusion: PLD had a similar therapeutic response and prognosis compared to epirubicin or

pirarubicin in NAC for patients with HR < 10%/HER2 negative breast cancer, which means that

PLD represents a potential NAC option.
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Introduction

Breast cancer (BC), the most commonly diag-
nosed cancer worldwide, ranks first among the
causes of cancer deaths in women.! Triple-
negative breast cancer (TNBC) is defined as
being negative for estrogen receptors (ERs) and
progesterone receptors (PRs) and human epider-
mal growth factor receptor 2 (HER-2)23 and is
characterized by limited therapeutic options and
poor survival outcomes due to the lack of effective
targeted drugs and its high metastatic poten-
tial.1»#6 Currently, anthracycline- and taxane-
based neoadjuvant chemotherapy (NAC), which
effectively decreases the recurrence rates and
enhances survival outcomes of early and locally
advanced BC patients,”® has become the clini-
cally preferred option for TNBC.10

Pegylated liposomal doxorubicin (PLD), epiru-
bicin and pirarubicin are the main anthracyclines
widely used in China. Epirubicin and pirarubicin
have been frequently used in NAC for TNBC.!! It
is reported that numerous significant clinical trials
advocated epirubicin as a fundamental chemother-
apeutic agent in neoadjuvant and adjuvant chemo-
therapies for invasive BCs.12-15 Nevertheless, the
long-term clinical application of these anthracy-
clines is limited by severe adverse effects, including
myelosuppression, gastrointestinal reactions, neu-
tropenia, thrombocytopenia and cardiotoxicity.!6-19
Furthermore, anthracycline-induced cardiotoxici-
ties, which are closely associated with the dose-
dependent increases in these drugs, are progressive
and irreversible and can lead to death.?%:21

PLD, a liposomal formulation of doxorubicin,
exhibits similar effectiveness to conventional
anthracycline and a markedly lower incidence of
cardiotoxicity. 2225 The National Comprehensive
Cancer Network (NCCN) guidelines advocated
PLD as the first-line treatment for advanced BC.
Recently, some studies have found that the effec-
tiveness of PLLD in NAC is not inferior to that of
traditional anthracyclines, such as epirubicin and
pirarubicin. One study found that in the TNBC
group, patients who received PLD as NAC had
higher pathological complete response (pCR) rates
than those who received epirubicin.2® Another
study revealed that, compared with patients receiv-
ing pirarubicin as NAC, those who received PLD
demonstrated a significantly higher proportion
achieving a major pathologic response according to
the Miller—Payne grading (p=0.047) and a reduced
incidence of adverse cardiac events (p=0.014).27
In a retrospective study of neoadjuvant treatment,

the PLD group presented lower incidences of mye-
losuppression, gastrointestinal reactions, and car-
diotoxicity than the epirubicin group, and the
difference in the pCR rate (p=0.4578) was not
statistically significant.10-28 Moreover, Manguso
reported satisfactory effectiveness and a low inci-
dence of toxicity when employing NAC that
involved a low dose of PLLD in combination with
weekly paclitaxel in operable and locally advanced
BC.2% However, the efficacy and prognosis of PLLD
as NAC for patients with TNBC still lack real-
world clinical evidence.

The current classification of HER2 status focuses
on whether HER2 is overexpressed, and only
patients with HER2-overexpressing BC receive
anti-HER2 therapy. HER2-overexpressing BCs
constitute 15%-20% of all BCs,3%31 while a much
larger group is categorized as HER2-negative and
is deemed unlikely to benefit from conventional
anti-HER2 treatments. Many studies are now
exploring the efficacy of anti-HER?2 treatments in
HER2-low BC, which includes those with HER2
IHC 1+ and IHC 2+ without gene amplifica-
tion.32:33 Trastuzumab deruxtecan (T-Dxd), for
instance, has been proven effective in HER2-low
metastatic BC.3436 However, current trials have
focused primarily on metastatic BC,3"40 and
research on neoadjuvant and adjuvant treatments
remains under development.

According to previous studies, HR-low/HER2-
negative BCs, defined as low positive expression
of ER (1%-10%) with low positive or negative
expression of PR, low positive expression of PR
(1%-10%) with low positive or negative expres-
sion of ER, and HER2-negative status, are more
likely to be similar to TNBCs in terms of molecu-
lar characteristics, gene expression patterns, rate
of BRCA 1/2 mutations, effectiveness of NAC
and survival outcomes.* 43 Thus, we also
included and analysed HR-low/HER2-negative
BC patients who received NAC.

In our real-world study, we compared the efficacy
of PLD, epirubicin and pirarubicin as NAC and
survival outcomes among these three groups in
patients with HR < 10%/HER2-negative BCs.

Materials and methods
Patients

A total of 267 BC patients were collected in
this retrospective study. They were from the
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Patients diagnosed as TNBC or Low-HR/HER2-negative BC
who received NAC from 2015-2022 (N=288)

( Excluded (N=21)
Not received anthracyclines as NAC (N=6)
Missing follow-up data (N=15)
PLD Epirubicin Pirarubicin
(N=85) (N=106) (N=76)
( Clinical pathological features
L Treatment features
[ Baseline Characteristics ]
{ Pathological complete response (pCR) J
[ Efficacy of NAC ]
( Overall survival (OS)
L Event-free survival (EFS)
[ Survival Outcomes ]

Figure 1. Trial design.

Department of General Surgery of the Second
Xiangya Hospital, the Department of Breast
Surgery of Xiangya Hospital, and the Department
of Breast Surgery of the First People’s Hospital of
Xiangtan City in Hunan Province, China, from
2015 to 2022. Inclusion criteria: (1) female
patients; (2) 20-80years of age; (3) histologically
proven primary HER2-negative BC (immunohis-
tochemistry category O or 1, or 2+ with negative
FISH results)*4; (4) stage II or stage III; (5) ER
and PR <10% (pathological reports that included
a numerical value for percent ER and PR immu-
nohistochemical staining were used); and (6)
received PLD or epirubicin or pirarubicin as
NAC. Exclusion criteria: (1) advanced and meta-
static BC; (2) inflammatory or bilateral BC; (3)
unclear or missing NAC regimens; and (4)
incomplete follow-up data (Figure 1).

We extracted data regarding age, molecular sub-
type, menopausal status, lymph node status, clin-
ical tumour stage, histological tumour type (IDC/
other), tumour grade, NAC regimen (AC-T/
TAC/other) and cycles, platinum-based NAC
regimen, treatment with PD-1 blockade, patho-
logical complete response (pCR), event-free sur-
vival (EFS) and overall survival (OS) from the
database. The common chemotherapy regimens
included PLD or epirubicin or pirarubicin com-
bined with cyclophosphamide (C) followed by
taxane (T); PLD or epirubicin or pirarubicin

combined with T and C; PLD or epirubicin or
pirarubicin combined with T, etc. (Table 1). The
therapeutic dose was 30-35mg/m?, 75-90 mg/m?
and 50mg/m? for PLD, epirubicin and piraru-
bicin, respectively. The American Joint
Committee on Cancer (AJCC) system was
employed as the basis to assess staging.

Endpoints

pCR, EFS and OS were regarded as the clinical
endpoints in this study. After neoadjuvant ther-
apy, the absence of residual invasive BC tumours
in the breast can be defined as pCR (ypTO0/is).
The definition of EFS was the time interval
between the date of the initiation of NAC treat-
ment and the first occurrence of the following
events: local or distant recurrence, death from
any cause, etc. The definition of OS was the time
interval between the date of the initiation of NAC
treatment and death from any cause. We assessed
the disease with ultrasonography or magnetic res-
onance imaging (MRI) at baseline, once every
two or three NAC cycles and once prior to

surgery.

Statistical analysis

The mean is used to describe continuous varia-
bles, and the frequency is used to describe cate-
gorical variables. We employed T tests to evaluate
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Table 1. Patient characteristics.

characteristic

Unweighted population

IPTW weighted population

PLD Epirubicin Pirarubicin p PLD Epirubicin Pirarubicin p
N=85 (%) N=106 (%) N=76(%) N=255.8 (%) N=154.3(%) N=113.7 (%)
[Aég[?],]years (mean 47.96(10.26) 46.38(8.82) 47.80(9.89) 0.452 46.89 (10.44)  46.69 (8.69) 48.11(9.92) 0.605
Subtype
TNBC 62 (72.9) 86 (81.1) 54 (71.1) 0.230 192.5(75.3) 124.6 (80.7) 78.8 (69.4) 0.329
Low-HR/HER2- 23(27.1) 20 (18.9) 22(28.9) 63.3 (24.7) 29.8(19.3) 34.8 (30.6)
negative BC
Menopausal status
Postmenopausal 39 (45.9) 36 (34.0) 31(40.8) 0.240 97.1(38.0) 57.5 (37.3) 50.0 (43.9) 0.689
Premenopausal 46 (54.1) 70 (66.0) 45 (59.2) 158.7 (62.0] 96.8 (62.7) 63.7 (56.1)
Clinical tumour stage
T1-2 64 (75.3) 69 (65.1) 48(63.2) 0.193 173.8(67.9) 105.6 (68.4]) 76.8 (67.6) 0.991
T3-4 21 (24.7) 37 (34.9) 28 (36.8) 82.0(32.1) 48.7 (31.6) 36.9 (32.4)
Pathological nodal status
NO 34 (40.0) 37 (34.9) 23 (30.3) 0.433 86.8(33.9) 57.8 (37.5) 35.0(30.7) 0.709
N+ 51(60.0) 69 (65.1) 53 (69.7] 169.0 (66.1) 96.5 (62.5) 78.7 (69.3)
Histological tumour type
IDC 78 (91.8) 98 (92.5) 67 (88.2) 0.581 229.0(89.5) 142.2(92.1) 101.2 (89.0) 0.786
Other 7(8.2) 8 (7.5) 9(11.8) 26.8(10.5) 12.1(7.9) 12.5(11.0)
Tumour grade
Il 37 (43.5) 49 (46.2) 42 (55.3) 0.583  119.9 (46.8) 66.8 (43.3) 60.6 (53.3) 0.816
1 37 (43.5) 43 (40.6) 24 (31.6) 99.2 (38.8) 66.8 (43.3) 37.7(33.2)
Unknown 11(12.9) 14 (13.2) 10 (13.2) 36.7 (14.4) 20.8(13.5) 15.3(13.5)
NAC treatment cycles
<6 17 (20.0) 48 (45.3) 26 (34.2) 0.001 81.2(31.7) 57.8 (37.5) 32.4(28.5) 0.543
=6 68 (80.0) 58 (54.7) 50 (65.8) 174.6 (68.3) 96.5(62.5) 81.3(71.5)
NAC regimen
TAC 26 (30.6) 49 (46.2) 26 (34.2) 0.031 98.3(38.4) 65.0 (42.1) 35.6 (31.3] 0.150
AC-T 59 (69.4) 52 (49.1) 47(61.8) 157.5 (61.6) 84.3 (54.7) 75.1 (66.0)
Other 0(0.0) 5 (4.7) 3(3.9) 0.0(0.0) 5.0(3.2) 3.0(2.6)
(Continued]
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Table 1. (Continued)

characteristic Unweighted population

IPTW weighted population

PLD Epirubicin Pirarubicin p PLD Epirubicin Pirarubicin p
N=85 (%) N=106 (%) N=76(%) N=255.8 (%) N=154.3(%) N=113.7 (%)
Platinum-based NAC regimen
No 75 (88.2) 95 (89.6) 63 (82.9) 0.385 228.2(89.2) 139.4(90.3) 95.3(83.9) 0.441
Yes 10(11.8) 11(10.4) 13(17.1) 27.6(10.8) 15.0 (9.7) 18.3(16.1)
NAC combined with PD-1 blockade
No 80 (94.1) 102 (96.2) 72 (94.7) 0.783  243.9 (95.3) 148.8 (96.4) 106.2 (93.4) 0.699
Yes 5(5.9) 4(3.8) 4(5.3) 11.9 (4.7) 5.5(3.6] 7.5(6.6)

IDC, invasive ductal carcinoma; Low-HR/HER2-negative BC, low hormone receptor/human epidermal growth factor receptor 2 negative breast
cancer; NAC, neoadjuvant chemotherapy; pCR, pathologic complete response; PD-1, programmed death-1; PLD, pegylated liposomal doxorubicin;

TNBC, triple-negative breast cancer.

age differences, and the clinicopathological fea-
tures and pCR rates were assessed by Chi-square
test among the PLD, epirubicin and pirarubicin
groups. The correlation between each variable
and pCR was observed by employing a logistic
regression analysis, and Cox regression was
employed to model OS and EFS among the three
groups. The difference in baseline characteristics
of the PLD, epirubicin and pirarubicin groups
was balanced by using inverse probability of treat-
ment weighting IPTW). We used KaplanXMeier
survival curves to calculate OS and EFS, and dif-
ferences were assessed by the log-rank test.
Statistical significance was defined as a two-sided
p value <0.05. All statistical analyses were con-
ducted using R version 4.2.2.

Reporting guideline

The reporting of this study conforms to the
Strengthening the reporting of observational
studies in epidemiology (STROBE) statement
(Supplemental Table 1).45

Results

Patients’ characteristics

The PLD, epirubicin and pirarubicin groups were
consisted of 85, 106 and 76 patients, respectively.
The mean age at first diagnosis was 47.96 years in
the PLD group, 46.38years in the epirubicin
group, and 47.80years in the pirarubicin group.
Premenopausal status (PLD, 54.1%; epirubicin,

66.0%; pirarubicin, 59.2%), TNBC (PLD,
72.9%; epirubicin, 81.1%; pirarubicin, 71.1%),
T1 or T2 tumours (PLD, 75.3%; epirubicin,
65.1%; pirarubicin, 63.2%), positive pathological
nodal status (PLD, 60.0%; eepirubicin, 65.1%:;
pirarubicin, 69.7%) and invasive ductal carci-
noma (PLD, 91.8%; epirubicin, 92.5%; piraru-
bicin, 88.2%) accounted for a higher proportion
in all three groups. In the PLD group, grade II
and III tumours were both 43.5% of the total
number of patients. A total of 46.2% and 40.6%
of the patients in the epirubicin group were grade
IT and III, respectively, and 55.3% and 31.6% of
the patients in the pirarubicin group were grade II
and III, respectively. A total of 80.0% of the
patients in the PLD group, 54.7% of the patients
in the epirubicin group and 65.8% of the patients
in the pirarubicin group were treated with no less
than six cycles of NAC. Almost all patients had
received TAC or AC-T as an NAC regimen
(PLD, 100.0%; epirubicin, 95.3%; pirarubicin,
96.1%). A minority of the patients received plati-
num (PLD, 11.8%; epirubicin, 10.4%; piraru-
bicin, 17.1%) and PD-1 blockade (PLD, 5.9%;
epirubicin, 3.8%; pirarubicin, 5.3%) combined
with NAC. These three groups, as shown in
(Table 1), were consistent with each other in the
clinical characteristics after IPTW.

Clinical response and survival

In this study, 34.1% of patients in the PLD
group achieved pCR, whereas the pCR rates
were 20.8% and 30.3% among patients in the
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40.0% Doxorubicin liposomes Epirubicin Pirarubicin
P=0.602
— P=0.038 P=0.143
34.1%
30.0%
30.3%
25.0%
0,

20.0% 20.8%
15.0%
10.0%

5.0%

0.0%

Doxorubicin liposomes Epirubicin Pirarubicin

Figure 2. pCR (ypT0/is) among the PLD, epirubicin and pirarubicin groups.

epirubicin group and pirarubicin group, respec-
tively. Notably, compared with the epirubicin
group, the PLD group demonstrated a higher
PCR rate (p=0.038; Figure 2). The univariate
logistic regression analysis showed that patients
from the PLD group were significantly more
likely to achieve pCR than those from the epiru-
bicin group (OR=0.51, 95% CI: 0.26-0.97,
p»=0.040), and NAC treatment cycles
(OR=2.09, 95% CI: 1.13-3.85, p=0.019) and
the combination of PD-1 blockade with NAC
(OR=6.54, 95% CI. 1.95-21.96, p=0.002)
were also significantly associated with pCR. The
multivariate logistic regression analysis demon-
strated that the combination of PD-1 blockade
with NAC (OR=5.46, 95% CI. 1.59-18.74,
p»=0.007) remained independently associated
with pCR, but PLD group was not significantly
associated with pCR (epirubicin: OR=0.58,
95% CI: 0.29-1.13, p=0.110; pirarubicin:
OR=0.90, 95% CI. 0.45-1.79, p=0.760)
(Table 2). In multivariate Cox regression analy-
sis, pathological nodal status (HR=3.34, 95%
CI: 1.68-7.00, p<<0.001), histological tumour
type (HR=2.33, 95% CI: 1.26—4.30, p=0.007)
and pCR (HR=0.31, 95% CI: 0.13-0.73,
p=0.007) were independently associated with
EFS (Table 3). In addition, clinical tumour
stage (HR = 3.24, 95% CI: 1.25-8.44,
$»=0.016) and NAC treatment cycles (HR=0.25

95% CI: 0.08-0.73, p=0.011) were indepen-
dently associated with OS (Table 4).

EFS and OS were used to evaluate patient prog-
nosis. The difference regarding either EFS (log-
rank p=0.99) or OS (log-rank p=0.33) was not
statistically significant among the three groups
(Figure 3). Further survival analyses were con-
ducted for those with pCR or non-pCR among
the three groups. When EFS and OS were ana-
lysed with categories of pCR (yes/no), no signifi-
cant differences were observed among the three
groups for patients who achieved a pCR after
NAC (EFS, log-rank p=0.47; OS, log-rank
p»=0.38). Similarly, EFS (log-rank p=0.59) and
OS (log-rank p=0.14) were not significantly dif-
ferent in non-pCR patients among the three
groups. In addition, among the three groups, the
difference in OS (log-rank p=0.095) between
patients with pCR and non-pCR was not statisti-
cally significant. However, non-pCR patients in
the three groups showed a worse EFS than those
with pCR (log-rank p=0.014; Figure 4).

Discussion

Anthracycline- and taxane-based NAC regimens,
such as AC-T and TAC, contributed to an
increase in the pCR rate and improved survival in
TNBC patients. Doxorubicin was the first
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Table 2. Univariate and multivariate logistic regression analyses of pCRa.

Characteristic Univariate Mutltivariate
OR (95% CI) P OR (95% CI) p
Anthracycline
PLD 1 1
Epirubicin 0.51(0.26, 0.97) 0.040 0.58 (0.29, 1.13) 0.110
Pirarubicin 0.84 (0.43, 1.63) 0.602 0.90 (0.45, 1.79) 0.760
Subtype
TNBC 1
Low-HR/HER2-negative BC 1.1 (0.60; 2.05) 0.754
Menopausal status
Postmenopausal 1
Premenopausal 1.11(0.64, 1.93) 0.700
Clinical tumour stage
T1-2 1
T3-4 0.59 (0.32, 1.08) 0.090
Histological tumour type
IDC 1
Other 1.08 (0.43, 2.73) 0.868
Tumour grade
Il 1
I 1.45(0.82, 2.59) 0.204
Unknown 1.25 (0.54, 2.89) 0.599
NAC treatment cycles
<6 1 1
=6 2.09(1.13, 3.85) 0.019 1.64(0.86, 3.11) 0.130
NAC regimen
TAC 1
AC-T 1.57 (0.88, 2.79) 0.123
Other 0.48 (0.06, 4.14) 0.508
Platinum-based NAC regimen
No 1
Yes 0.52(0.21, 1.31) 0.166
NAC combined with PD-1 blockade
No 1 1
Yes 6.54(1.95, 21.96) 0.002 5.46 (1.59; 18.74) 0.007

Cl, confidence interval; IDC, invasive ductal carcinoma; Low-HR/HER2-negative BC, low hormone receptor/human epidermal growth factor receptor
2 negative breast cancer; NAC, neoadjuvant chemotherapy; OR, odds ratio; PD-1, programmed death-1; PLD, pegylated liposomal doxorubicin;

TNBC, triple-negative breast cancer.
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Table 3. Univariate and multivariate Cox regression analyses of EFS.
Characteristic Cox regression EFS
Univariate Multivariate
HR (95% CI) P HR (95% Cl) P

Anthracycline

PLD 1 1

Epirubicin 0.98 (0.55, 1.74) 0.940 0.84(0.47, 1.50) 0.551

Pirarubicin 0.96 (0.51, 1.80) 0.900 0.83 (0.44, 1.57) 0.573
Subtype

TNBC 1

Low-HR/HER2-negative BC 1.5 (0.89, 2.54) 0.130
Menopausal status

Postmenopausal 1

Premenopausal 1.29 (0.78, 2.14) 0.322
Clinical tumour stage

T1-2 1

T3-4 1.44(0.88, 2.35) 0.142
Pathological nodal status

NO 1 1

N+ 4.25(2.11, 8.60) <0.001 3.43(1.68, 7.00) <0.001
Histological tumour type

IDC 1 1

Other 2.6 (1.42, 4.77) 0.002 2.33(1.26, 4.30) 0.007
Tumour grade

Il 1

1 0.79 (0.45, 1.38) 0.410

Unknown 1.76 (0.95, 3.24) 0.072
NAC treatment cycles

<é 1

=6 0.7 (0.43, 1.13) 0.143
NAC regimen

TAC 1

[Continued]

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Y Hong, J Peng et al.

Table 3. (Continued)

Characteristic

Cox regression EFS

Univariate Multivariate
HR (95% CI) p HR (95% Cl) p
AC-T 0.63(0.38, 1.03) 0.066
Other 1.55 (0.55, 4.39) 0.411
Platinum-based NAC regimen
No 1
Yes 1.39(0.73, 2.65) 0.317
NAC combined with PD-1 blockade
No 1
Yes 1.29 (0.40, 4.14) 0.666
pCR
No 1 1
Yes 0.25(0.11, 0.57) 0.001 0.31(0.13, 0.73) 0.007

Cl, confidence interval; EFS, event-free survival; HR, hazard ratio; IDC, invasive ductal carcinoma; Low-HR/HER2-negative BC, low hormone
receptor/human epidermal growth factor receptor 2 negative breast cancer; NAC, neoadjuvant chemotherapy; pCR, pathologic complete response;
PD-1, programmed death-1; PLD, pegylated liposomal doxorubicin; TNBC, triple-negative breast cancer.

anthracycline drug used to treat TNBC, but its
cardiotoxicity has led to great limitations.4® PLLD
is an increasingly frequently used anthracycline
drug given its minimal toxicity while ensuring
treatment effectiveness for advanced BC.24:25:47
However, the clinical evidence supporting PLD
as NAC in the treatment of TNBC is insufficient.
In addition, due to the similar efficacy and sur-
vival outcomes exhibited by HR-low/HER2-
negative BC patients and TNBC patients after
NAC,4-4 we focused simultaneously on the
treatment of HR-low/HER2-negative BC.
Consequently, we conducted a real-world multi-
centre cohort study to evaluate the effectiveness
of PLD as NAC in HR<10%/HER2-negative BC
patients.

A retrospective study comparing treatment
response in BC patients receiving NAC showed
that the pCR rates (16.3% vs 11.6%, p=0.317) in
the PLD group was 4.5% superior to those in the
epirubicin group, while no significant differences
were observed.*® Another study also found that,
compared with those in the epirubicin group,
patients in the PLLD group achieved higher overall

pCR rates (p=0.034) and radiological complete
response rates (p=0.044); regarding TNBC
patients, the pCR rates were higher in the PLD
group (p=0.013).26 However, the fact that the
TNBC subgroup contains only 60 individuals is a
limitation of the study. In our study, univariate
logistic regression analysis revealed that the PLD
group was significantly more likely to achieve
pCR compared with the epirubicin group
(OR=0.51,95% CI: 0.26-0.97, p=0.040; Table
2), with a significantly higher pCR rate (p=0.038;
Figure 2). However, in the multivariate logistic
regression analysis, the PLLD group was not sig-
nificantly associated with pCR, which may be
related to NAC treatment cycles, the combina-
tion of PD-1 blockade with NAC and the limited
sample size. Therefore, expanding the sample size
is essential in future studies. The pCR rates in the
three groups were relatively low in our study, but
the rates aligned with those from other real-world
studies of the effectiveness of NAC in TNBC.4%-52
In the Cox regression analysis, the negative path-
ological nodal state and IDC were independently
associated with better EFS, and the lower clinical
tumour stage (T1 and T2) was independently
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Table 4. Univariate and multivariate Cox regression analyses of 0S.
Characteristic Cox Regression 0S
Univariate Multivariate
HR (95% Cl) P HR (95% Cl) P

Anthracycline

PLD 1 1

Epirubicin 0.89 (0.25, 3.18) 0.856 0.43(0.11, 1.62) 0.212

Pirarubicin 1.85 (0.55, 6.22) 0.317 1.23 (0.36, 4.21) 0.743
Subtype

TNBC 1

Low-HR/HER2-negative BC 1(0.33; 3.03) 0.994
Menopausal status

Postmenopausal 1

Premenopausal 0.96 (0.37, 2.49) 0.938
Clinical tumour stage

T1-2 1 1

13-4 3.23(1.25, 8.35) 0.015 3.24(1.25, 8.44) 0.016
Pathological nodal status

NO 1

N+ 2.2(0.72, 6.69) 0.165
Histological tumour type

IDC 1

Other 2.54(0.83, 7.72) 0.101
Tumour grade

Il 1

1 0.54(0.17, 1.73) 0.302

Unknown 1.37 (0.43, 4.37) 0.596
NAC treatment cycles

<6 1 1

=6 0.28(0.10, 0.79) 0.017 0.25(0.08; 0.73) 0.011
NAC regimen

TAC 1

[Continued]
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Table 4. (Continued)

Characteristic

Cox Regression 0S

Univariate Multivariate
HR (95% Cl) P HR (95% ClI)
AC-T 0.59 (0.23, 1.54) 0.283
Other 1.43(0.18, 11.35) 0.733
Platinum-based NAC regimen
No 1
Yes 2.04(0.67, 6.21) 0.209
NAC combined with PD-1 blockade
No 1
Yes 2.56(0.33, 19.87) 0.369
pCR
No 1 1
Yes 0.17 (0.02,1.25) 0.081 0.17 (0.02, 1.29)

Cl, confidence interval; HR, hazard ratio; IDC, invasive ductal carcinoma; Low-HR/HER2-negative BC, low hormone receptor/human epidermal
growth factor receptor 2 negative breast cancer; NAC, neoadjuvant chemotherapy; 0S, overall survival; pCR, pathologic complete response; PD-1,

programmed death-1; PLD, pegylated liposomal doxorubicin; TNBC, triple-negative breast cancer.

associated with better OS, which aligned with the
results of previous studies.??>* pCR was indepen-
dently associated with better EFS but not with
OS, which may have been affected by the limited
follow-up time. More NAC treatment cycles were
independently associated with better OS. This
may be explained by the fact that patients who
respond better to NAC are more inclined to com-
plete the full treatment course, whereas those
with poorer treatment responses tend to opt for
early surgical intervention.

In terms of survival outcomes, a retrospective
study found no significant differences between
the PLD group and epirubicin group in 3-year
DEFES (81.5% vs 88.9%, p=0.363) or OS (88.9%
vs 90.7%, p=0.85).47 Our findings corroborate
these findings that there was no significant differ-
ence in EFS (log-rank p=0.99) or OS (log-rank
p»=0.33) after IPTW among the three groups,
indicating that the efficacy of PLLD as NAC was
comparable to that of conventional anthracyclines
in BC. Further analysis of the three groups of
patients with pCR and non-pCR was conducted.
There was no significant difference in EFS (log-
rank p=0.47) or OS (log-rank p=0.38) for
patients with HR < 10%/HER2-negative BC who

achieved pCR among the PLD, epirubicin and
pirarubicin groups. Similar results were observed
in patients with non-pCR among these three
groups (EFS, log-rank p=0.59; OS, log-rank
p=0.14). No statistically significant difference in
OS (log-rank p=0.095) was observed between all
patients with pCR and non-pCR, whereas EFS in
patients with non-pCR was significantly worse
compared to that in patients with pCR (log-rank
»=0.014).

By comparing the therapeutic response and prog-
nosis among patients receiving PLLD, epirubicin,
and pirarubicin as NAC, we observed that PLLD
demonstrated superior efficacy to epirubicin and
comparable efficacy to pirarubicin. These find-
ings suggest that PLLD may serve as an effective
NAC regimen. Reports from several clinical stud-
ies have illustrated similar viewpoints to our work
and expressed safety benefits from PLD, such as
lower incidences of myelosuppression, decreased
appetite, gastrointestinal reaction, and cardiotox-
icity.?455 However, most of the previous similar
studies were single-centre cohort studies.
Moreover, to our knowledge, this is the first real-
world multicentre study comparing the effective-
ness of PLLD, epirubicin, and pirarubicin as NAC
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Figure 3. (a) EFS before IPTW of all patients from the PLD, epirubicin and pirarubicin groups. (b) 0S before
IPTW of all patients from the PLD, epirubicin and pirarubicin groups. (c] EFS after IPTW of all patients from
the PLD, epirubicin and pirarubicin groups. (d] OS after IPTW of all patients from the PLD, epirubicin and

pirarubicin groups.

EFS, event-free survival; IPTW, inverse probability of treatment weighting; 0S, Overall survival; PLD, Pegylated liposomal

doxorubicin.

simultaneously for HR<10%/HER2-negative
BC, which may be more representative. The cur-
rent results suggest that PLD-based NAC is a
potential option for early BC patients, and the
long-term benefit of this neoadjuvant treatment
regimen warrants further investigation.

Our retrospective study has several limitations.
First, the small sample size and limited follow-up
time lead to a possible lack of representativeness
of the results to some extent; thus, a sufficient

sample size and long-term follow-up are neces-
sary. In addition, we acknowledge the potential
ethnic bias in patient enrolment, as all our partici-
pants were from Hunan Province, China, and the
sample size was relatively limited. Therefore,
expanding the study population and increasing
the sample size are necessary for future studies.
Moreover, due to its retrospective nature, this
study lacked complete data on the side effects
of these three drugs, which could inevitably pro-
duce selection bias and confounding factors.
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Figure 4. (a) EFS before IPTW in patients with pCR and non-pCR from the PLD, epirubicin and pirarubicin
groups. (b) 0S before IPTW in patients with pCR and non-pCR from the PLD, epirubicin and pirarubicin groups.
(c) EFS after IPTW in patients with pCR and non-pCR from the PLD, epirubicin and pirarubicin groups. (d) 0S
after IPTW in patients with pCR and non-pCR from the PLD, epirubicin and pirarubicin groups.

EFS, event-free survival; IPTW, inverse probability of treatment weighting; OS, Overall survival; pCR, pathologic complete

response; PLD, Pegylated liposomal doxorubicin.

Furthermore, because PD-1 inhibitors have been
applied in NAC in recent years and the time span
of our inclusion was long, only 13 patients had
received NAC with PD-1 inhibitors in our study.

Conclusion

In this real-world multicentre cohort study, com-
pared to epirubicin and pirarubicin, PLLD showed
a similar therapeutic response and prognosis in
NAC treatment for patients with HR<10%/

HER2-negative BC, revealing the potential of
PLD to be an effective NAC option despite the
need for further validation.
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