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Prognostic analysis according to adjuvant chemotherapy and anti-HER2 therapy
following surgery in T1a/b HER2-positive breast cancer
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Background/Aims: The optimal adjuvant chemotherapy and anti-human epidermal growth factor receptor 2 (HER2) thera-
py regimen following surgery for T1a/b HER2-positive breast cancer remains debatable.

Methods: In this single-center retrospective analysis, we examined the postoperative treatment strategies for patients diag-
nosed with T1a/b node-negative HER2-positive breast cancer. Invasive breast cancer-free survival (IBCFS), invasive disease-free
survival, and overall survival (OS) were compared between patients who received chemotherapy only, chemotherapy plus
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anti-HER2 therapy, and neither adjuvant treatment.

Results: The analysis included 165 patients, with a median follow-up duration of 98.4 (25.8-238.5) months. Patients who
did not receive any adjuvant therapy had a 15-year IBCFS rate of 86.9%, and those who received only chemotherapy exhib-
ited a rate of 77.6%. Conversely, those who received both trastuzumab and chemotherapy had the highest 15-year IBCFS
rate of 97.4%, although the difference between the treatment groups was not statistically significant (p = 0.492). Among
patients with T1a tumors, chemotherapy plus anti-HER2 therapy showed the most favorable long-term IBCFS, with a 15-year
rate of 100%, compared with 57.5% in the chemotherapy-only group and 79.8% in the no-treatment group (p = 0.363).
The 15-year OS rate was 100% in both chemotherapy-containing treatment groups, compared with 90.4% in the no-treat-
ment group (p = 0.068).

Conclusions: In this retrospective cohort of patients with HER2-positive T1a/bNO breast cancer, anti-HER2-containing ad-
juvant treatment was associated with numerically favorable long-term outcomes, particularly among those with T1a tumors.

Given the retrospective study design and limited number of events, these findings should be interpreted cautiously.
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INTRODUCTION

Breast cancer is the most commonly diagnosed cancer
worldwide, and human epidermal growth factor receptor
2 (HER2)-positive breast cancer constitutes about 15-20%
of all breast cancers and is typically associated with aggres-
sive behavior and poor prognosis, making targeted therapy
a cornerstone of its treatment [1-3]. Trastuzumab, a HER2
monoclonal antibody used in HER2-targeted therapy, im-
proves outcomes for patients with HER2-positive breast
cancer and is administered either after chemotherapy or in
combination with chemotherapy following surgery [4-7].
However, the role of adjuvant chemotherapy and an-
ti-HER2 targeted therapy in early HER2-positive breast can-
cer with T1a or T1b NO tumors remains unclear. The Nation-
al Comprehensive Cancer Network guidelines recommend
considering adjuvant chemotherapy and trastuzumab for
T1a/b NO HER2-positive breast cancer [8]. However, these
recommendations are primarily based on non-randomized
retrospective studies, and randomized clinical trials or level
1 evidence supporting this approach is lacking. The adjuvant
paclitaxel and trastuzumab (APT) regimen has demonstrat-
ed excellent disease-free survival (DFS) outcomes and has
become the standard adjuvant treatment for patients with
small node-negative HER2-positive breast cancer [9]. How-
ever, the evidence comes from a single-arm trial without
randomized controlled data, and information on patients
who did not receive anti-HER2 therapy remains scarce and
outdated. Several retrospective studies have investigated the
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impact of adjuvant chemotherapy and anti-HER2 therapy in
patients with T1a/T1b NO HER2-positive breast cancer; how-
ever, the results remain controversial [7,10-12], highlighting
the lack of clear evidence regarding the necessity and effica-
cy of adjuvant chemotherapy and anti-HER2 targeted ther-
apy in T1a/T1b NO HER2-positive early breast cancer. There-
fore, further studies are needed to reevaluate the role of
adjuvant therapy and establish optimal treatment strategies.
In Korea, trastuzumab is not reimbursed for tumors smaller
than 1 cm, providing a unique real-world setting to evaluate
the impact of anti-HER2 therapy for this patient population.

METHODS

Patients and data collection

This study included patients with HER2-positive T1a/b NO
early breast cancer who underwent surgery at Seoul Nation-
al University Bundang Hospital between January 1, 2004 and
December 31, 2021. The study focused on patients aged
20 years or older. Through a review of medical records, we
collected data on baseline characteristics, pathological re-
ports, information on post-surgical adjuvant chemotherapy
and anti-HER2 therapy, disease progression and progression
dates, as well as mortality status and dates of death. Details
of the chemotherapy regimens and administered cycles are
provided in Supplementary Table 1.
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Table 1. Baseline characteristics
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Characteristic Total (n = 165) tre;;z(:{[u(\fzt&) Chemgie;p;y only ai?i:;:gi;azy;) p value

Age (yr) 52.0 (30-81) 53.0(33-81) 51.0 (30-72) 51.0 (30-68) 0.288

T stage < 0.001
T1a(0<T<0.5cm) 85 (51.5) 45(73.8 24 (45.3) 16 (31.4)
Tb(0.5<T<1cm) 80 (48.5) 16 (26.2 29 (54.7) 35 (68.6)

Operation 0.261
BCS 70 (42.4) 21 (34.4) 24 (45.3) 25 (49.0)
Mastectomy 95 (57.6) 40 (65.6) 29 (54.7) 26 (51.0

Axillary node management 0.24
SLNB 153(92.7) 56 (91.8) 51(96.2) 46 (90.2)
ALND 10 (6.1) 2) (3.8) (5.9
None/not performed 2(1.2) (0.0)

Histologic subtype 0.433
IDC 161 (97.6) 59 (96.7) 51(96.2) 51 (100.0)
ILC 1(0.6) 1(1.9) 0(0.0)
Others 3(1.8) 3.3 1(1.9) 0(0.0)

Histologic grade 0.236
1 4(2.4) 1(1.6) 3(5.7) 0(0.0)
2 75 (45.5) 32 (52.5) 21 (39.6) 22 (43.1)
3 86 (52.1) 28 (45.9) 29 (54.7) 29 (56.9)

Lymphatic invasion 0.094
Absent 153(92.7) 58 (95.1) 47 (88.7) 48 (94.1)
Present 10 (6.1) . 6 (11.3) (5.9)
Unknown 2(1.2) 2(3.3) 0(0.0) 0.0)

Venous invasion 0.433
Absent 162 (98.2) 59 (96.7) 52 (98.1) 51(100.0)
Unknown 3(1.8) 2(3.3) 1(1.9) 0(0.0)

Hormone receptor 0.033
Negative 95 (57.6) 41 (67.2) 32 (60.4 22 (43.1)
Positive 70 (42.4) 20(32.8) 21(39.6 29 (56.9)

HER2 0.106
IHC 2+ with ISH+ 20 (12.1) 4 (6.6) 6(11.3) 10 (19.6)
IHC 3+ 145 (87.9) 57 (93.4) 47 (88.7) 41 (80.4)

Ki-67 0.628
<20% 92 (55.8) 34 (55.7) 32 (60.4 26 (51.0)
> 20% 73 (44.2) 27 (443 21(39.6 25 (49.0)

p53 0.656
Negative 80 (48.5) 27 (44.3) 28 (52.8) 25 (49.0)
Positive 85 (51.5) 34 (55.7) 25 (47.2) 26 (51.0)

Radiotherapy 0.25
No 92 (55.8) 39 (63.9) 28(52.8) 25 (49.0)
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Characteristic Total (n = 165) tre;?nz(:\{[u(\;\azt&) Chem(onth=er5a3|c;y only ai?f?;égi;azy;) p value
Yes 73 (44.2) 22 (36.1) 25 (47.2) 26 (51.0)

Adjuvant hormonal therapy 0.015
No 102 (61.8) 45(73.8 33(62.3) 24 (47.1)
Yes 63 (38.2) 16 (26.2 20 (37.7) 27 (52.9)

Values are presented as median (range) or number (%).

BCS, breast-conserving surgery; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; IDC, invasive ductal
carcinoma; ILC, invasive lobular carcinoma; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; ISH, in

situ hybridization.

Definitions and evaluations

The tumor, lymph node, metastasis staging system from
the 8th Edition of the American Joint Committee on Cancer
Cancer Staging Manual was used to determine the stage of
breast cancer [13]. Tumors with a greatest dimension > 1
mm and < 5 mm were classified as T1a, whereas those with
a greatest dimension > 5 mm and < 10 mm were classified
as T1b. HER2 positivity was defined as immunohistochem-
istry (IHC) 3+ or IHC 2+ with in situ hybridization positivity,
in accordance with the American Society of Clinical Oncol-
ogy-College of American Pathologists guideline [14]. Hor-
mone receptor positivity was defined as estrogen receptor
and/or progesterone receptor positivity according to the in-
stitutional pathology reports, in line with the American So-
ciety of Clinical Oncology College of American Pathologists
guideline recommendations [15]. p53 status was obtained
from pathology reports and categorized as positive or neg-
ative according to the immunohistochemical interpretation
documented in the pathology record. Additional clinico-
pathologic variables, including axillary node management,
lymphatic invasion, and venous invasion, were extracted
from operative and pathology reports.

Invasive breast cancer-free survival (IBCFS) and invasive
disease-free survival (IDFS) based on the standardized defi-
nitions for efficacy end points in adjuvant breast cancer clini-
cal trials were used as indicators to evaluate recurrence [16].
IBCFS is defined as the time from the date of surgery to the
occurrence of an IBCFS event, including invasive breast tu-
mor recurrence in the ipsilateral or contralateral breast, dis-
tant recurrence, or death specifically due to breast cancer.
Non-invasive conditions, such as ductal carcinoma in situ,
and deaths unrelated to breast cancer are not considered
IBCFS events. IDFS is defined as the time from the date of
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surgery to the occurrence of an IDFS event, including inva-
sive breast tumor recurrence, distant recurrence, death from
any cause, or secondary cancer. Overall survival (OS) was
defined as the time from the date of surgery to the date of
death or the last follow-up.

The classification and grading of adverse events were
based on the Common Terminology Criteria for Adverse
Events version 5.0 [17]. For patients who received anti-HER2
therapy, cardiac function was assessed using echocardiog-
raphy before treatment initiation and subsequently moni-
tored at approximately 2-month intervals during adjuvant
treatment.

Statistical analysis

Continuous variables between the two groups were com-
pared using Student’s t-test, whereas categorical variables
were compared using the chi-square test. Survival analyses
for IBCFS, IDFS, and OS were performed using the Kaplan—
Meier method, and differences between groups were as-
sessed using the log-rank test. The reverse Kaplan—-Meier
method was used to calculate the follow-up duration. Uni-
variable and multivariable analyses for IBCFS and IDFS were
conducted using Cox proportional hazards models. All sta-
tistical tests were two-sided, and statistical significance was
defined as p < 0.05. All data were analyzed using R (version
4.4.2; The R Foundation for Statistical Computing) [18].

Ethics

This study was conducted in accordance with the Declara-
tion of Helsinki and was approved by the Institutional Re-
view Board of Seoul National University Bundang Hospital
(IRB No. B-2401-876-103). All authors had full access to
the study data and reviewed and approved the final man-
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uscript. The requirement for informed consent was waived
by the IRB because this retrospective medical record review
involved no intervention and posed minimal risk to the par-
ticipants.
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RESULTS

Patient characteristics
A total of 165 patients were retrospectively enrolled
(Table 1). The median age at diagnosis was 52.0 years
(range, 30-81 yr), and the median follow-up duration was
98.4 months (95% confidence interval [C], 87.5-108.4 mo;
range, 25.8-238.5 mo).

Among these patients, 85 (51.5%) had T1a tumors and
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Figure 1. IBCFS and OS according to adjuvant treatment. (A) IBCFS according to adjuvant treatment. (B) OS according to adjuvant treat-
ment. (C) IBCFS according to the presence or absence of adjuvant chemotherapy. (D) OS according to the presence or absence of adjuvant
chemotherapy. (E) IBCFS according to the presence or absence of anti-HER2 therapy. (F) OS according to the presence or absence of an-
ti-HER2 therapy. HER2, human epidermal growth factor receptor 2; IBCFS, invasive breast cancer-free survival; OS, overall survival.
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Figure 1. Continued
Table 2. IBCFS rates according to adjuvant treatment
Treatment group 3-year 5-year 10-year 15-year p value
Treatment 0.492
No treatment 98.1% 90.6% 86.9% 86.9%
Chemotherapy only 96.2% 96.2% 90.6% 77.6%
Chemo + anti-HER2 97.4% 97.4% 97.4% 97.4%
Chemotherapy 0.357
No chemotherapy 98.1% 90.6% 86.9% 86.9%
Chemotherapy 96.9% 96.9% 93.2% 82.8%
Anti-HER2 0.282
No anti-HER2 97.3% 93.9% 89.8% 83.4%
Anti-HER2 97.4% 97.4% 97.4% 97.4%

IBCFS, invasive breast cancer-free survival; HER2, human epidermal growth factor receptor 2.

80 (48.5%) had T1b tumors. Breast-conserving surgery was
performed in 70 patients (42.4%), whereas 95 (57.6%)
underwent mastectomy. Axillary surgery consisted predom-
inantly of sentinel lymph node biopsy (153/165, 92.7%),
with axillary lymph node dissection performed in 10 patients
(6.1%). The majority of the tumors were invasive ductal
carcinoma (161/165, 97.6%). Hormone receptor-positive
tumors were found in 70 patients (42.4%), whereas 95 pa-
tients (57.6%) were hormone receptor-negative. Lymphatic
invasion was present in 10 patients (6.1%).

Sixty-one patients (37.0%) received no adjuvant treat-
ment, 53 (32.1%) received chemotherapy only, and 51

https://doi.org/10.3904/kjim.2025.375

(30.9%) received chemotherapy plus anti-HER2 therapy.
Baseline characteristics differed across treatment groups,
particularly with respect to T stage (p < 0.001), hormone
receptor status (p = 0.033), and administration of adjuvant
hormonal therapy (o = 0.015).

IBCFS according to adjuvant treatments
Univariable and multivariable analyses based on baseline
characteristics revealed no significant prognostic factors for
IBCFS (Supplementary Table 2).

When examining IBCFS according to adjuvant treatment,
patients who received chemotherapy plus anti-HER2 therapy
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showed the most favorable long-term outcomes, although
the difference among the three groups was not statistically
significant (Fig. 1, Table 2). The 3-, 5-, 10-, and 15-year IB-
CFS rates were 98.1%, 90.6%, 86.9%, and 86.9% in the
no-treatment group, 96.2%, 96.2%, 90.6%, and 77.6% in
the chemotherapy-only group, and 97.4%, 97.4%, 97.4%,
and 97.4% in the chemotherapy plus anti-HER2 group, re-
spectively (p = 0.492; Fig. 1, Table 2).

In the binary comparison according to anti-HER2 expo-
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sure, the respective 3-, 5-, 10-, and 15-year IBCFS rates
were 97.4%, 97.4%, 97.4%, and 97.4% in patients who
received anti-HER2 therapy, compared with 97.3%, 93.9%,
89.8%, and 83.4% in those who did not (p = 0.282). In con-
trast, the corresponding IBCFS rates were 96.9%, 96.9%,
93.2%, and 82.8% in patients who received chemotherapy
and 98.1%, 90.6%, 86.9%, and 86.9% in those who did
not (p = 0.357).

When stratified by tumor size, the apparent numerical
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Figure 2. IBCFS by adjuvant treatment for T1a and T1b patients, evaluated separately. (A) IBCFS according to the presence or absence
of adjuvant chemotherapy in T1a patients. (B) IBCFS according to the presence or absence of adjuvant chemotherapy in T1b patients. (C)
IBCFS according to the presence or absence of anti-HER2 therapy in T1a patients. (D) IBCFS according to the presence or absence of an-
ti-HER2 therapy in T1b patients. HER2, human epidermal growth factor receptor 2; IBCFS, invasive breast cancer-free survival.
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benefit of anti-HER2-containing treatment was mainly ob-
served in patients with T1a tumors (Fig. 2, Table 3). Among
patients with T1a tumors, the 3-, 5-, 10-, and 15-year IB-
CFS rates were 97.2%, 86.0%, 79.8%, and 79.8% in the
no-treatment group; 95.8%, 95.8%, 86.2%, and 57.5%
in the chemotherapy-only group; and 100% at 3, 5, 10,
and 15 years in the chemotherapy plus anti-HER2 group (p
= 0.363), respectively. Likewise, among patients with T1a
tumors, those who received anti-HER2 therapy maintained
100% IBCFS at 3, 5, 10, and 15 years, whereas those who
did not had IBCFS rates of 96.9%, 90.9%, 83.0%, and
69.2%, respectively (p = 0.195).

By contrast, among patients with T1b tumors, IBCFS out-
comes were favorable regardless of the treatment group.
The IBCFS rates at 3, 5, 10, and 15 years were 100% in
the no-treatment group, 96.6% in the chemotherapy-on-
ly group, and 95.5% in the chemotherapy plus anti-HER2
group (p = 0.744). Similarly, for T1b tumors, the IBCFS rates
at 3,5, 10, and 15 years were 97.8% in patients who did
not receive anti-HER2 therapy and 95.5% in those who did

KJIM™

(p=0.719).

IDFS according to adjuvant treatments
Univariable and multivariable analyses based on baseline
characteristics revealed no significant prognostic factors for
IDFS (Supplementary Table 3).

When examining IDFS according to adjuvant treatment,
patients who received chemotherapy plus anti-HER2 ther-
apy showed the most favorable long-term outcomes, al-
though the difference among the three treatment groups
was not statistically significant (Fig. 3, Supplementary Ta-
ble 4). The 3-, 5-, 10-, and 15-year IDFS rates were 98.1%,
85.9%, 77.4%, and 48.4% in the no-treatment group;
94.3%, 94.3%, 75.1%, and 51.5% in the chemothera-
py-only group; and 95.4%, 92.5%, 92.5%, and 92.5% in
the chemotherapy plus anti-HER2 group, respectively (p =
0.51).

In the binary comparison according to anti-HER2 expo-
sure, the respective 3-, 5-, 10-, and 15-year IDFS rates were
95.4%, 92.5%, 92.5%, and 92.5% in patients who re-

Table 3. IBCFS rates according to adjuvant treatment in T1a/b

Treatment group 3-year 5-year 10-year 15-year p value
Treatment (T1a) 0.363
No treatment 97.2% 86.0% 79.8% 79.8%
Chemotherapy only 95.8% 95.8% 86.2% 57.5%
Chemo + anti-HER2 100.0% 100.0% 100.0% 100.0%
Chemotherapy (T1a) 0.285
No chemotherapy 97.2% 86.0% 79.8% 79.8%
Chemotherapy 97.5% 97.5% 89.4% 67.0%
Anti-HER2 therapy (T1a) 0.195
No anti-HER2 96.9% 90.9% 83.0% 69.2%
Anti-HER2 100.0% 100.0% 100.0% 100.0%
Treatment (T1b) 0.744
No treatment 100.0% 100.0% 100.0% 100.0%
Chemotherapy only 96.6% 96.6% 96.6% 96.6%
Chemo + anti-HER2 95.5% 95.5% 95.5% 95.5%
Chemotherapy (T1b) 0.443
No chemotherapy 100.0% 100.0% 100.0% 100.0%
Chemotherapy 96.4% 96.4% 96.4% 96.4%
Anti-HER2 therapy (T1b) 0.719
No anti-HER2 97.8% 97.8% 97.8% 97.8%
Anti-HER2 95.5% 95.5% 95.5% 95.5%

IBCFS, invasive breast cancer-free survival; HER2, human epidermal growth factor receptor 2.
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ceived anti-HER2 therapy, compared with 96.4%, 90.9%,
77.4%, and 50.8% in those who did not (p = 0.34). Sim-
ilarly, the corresponding IDFS rates were 95.0%, 93.8%,
81.1%, and 59.1% in patients who received chemotherapy
and 98.1%, 85.9%, 77.4%, and 48.4% in those who did
not (p = 0.32).

When stratified by tumor size, the numerical advantage
of anti-HER2-containing treatment was not confined to a
single subgroup, but rather its pattern differed between T1a
and T1b tumors (Supplementary Fig. 1, Supplementary Ta-
ble 5). Among patients with T1a tumors, the respective 3-,
5-, 10-, and 15-year IDFS rates were 97.2%, 82.2%, 76.3%,

Strata =+ None =+ Chemotherapy only =+ Chemo + antiHER2

100% -
£ 75%
=
3
o
s 50% -
s l
Z 1
3 25% |
< p=051 |
l
0% !
T T T T T T
0 50 100 150 200 250
Months after surgery
Number at risk
© None - 61 32 16 5 2 0
g Chemotherapy only 4 53 46 16 8 0 0
2 Chemo + antiHER2 | 51 27 8 1 0 0
T T T T T T
0 50 100 150 200 250
m Months after surgery
Strata =+ None =+ antiHER2
100% -
= +
2 75%
=
3
o
S 50% -
g
g
25%
< p=034
0%
T T T T T T
0 50 100 150 200 250
Months after surgery
Number at risk
© None 114 78 32 13 2 0
©
& antiHER2 - 51 27 8 1 0 0
T T T T T T
0 50 100 150 200 250

|

Months after surgery

742  www.kjim.org

The Korean Journal of Internal Medicine Vol. 41, No. 4, July 2026

and 38.2% in the no-treatment group; 95.8%, 95.8%,
64.7%, and 43.1% in the chemotherapy-only group; and
100.0%, 93.3%, 93.3%, and 93.3% in the chemotherapy
plus anti-HER2 group (p = 0.40). Likewise, among patients
with T1a tumors, those who received anti-HER2 therapy had
IDFS rates of 100%, 93.3%, 93.3%, and 93.3% at 3, 5, 10,
and 15 years, whereas those who did not had IDFS rates of
96.9%, 88.9%, 69.6%, and 38.6%, respectively (p = 0.34).

In contrast, among patients with T1b tumors, the 3-, 5-,
10-, and 15-year IDFS rates were 100.0%, 93.3%, 83.0%,
and 55.3% in the no-treatment group; 93.1%, 93.1%,
93.1%, and 62.1% in the chemotherapy-only group; and
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Figure 3. IDFS according to adjuvant treatment. (A) IDFS according
to adjuvant treatment. (B) IDFS according to the presence or absence
of adjuvant chemotherapy. (C) IDFS according to the presence or ab-
sence of anti-HER2 therapy. HER2, human epidermal growth factor
receptor 2; IDFS, invasive disease-free survival.
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92.4% at 3, 5, 10, and 15 years in the chemotherapy plus
anti-HER2 group, respectively (o = 0.84). Similarly, for T1b
tumors, the respective IDFS rates were 95.6%, 93.2%,
87.4%, and 59.9% in patients who did not receive an-
ti-HER2 therapy and 92.4% at 3, 5, 10, and 15 years in
those who did (p = 0.73).

0S according to adjuvant treatments

When examining OS according to adjuvant treatment, pa-
tients who received chemotherapy-containing treatment
showed numerically favorable long-term outcomes com-
pared with those who did not receive adjuvant treatment,
although the difference among the three groups did not
reach statistical significance. The 5-, 10-, and 15-year OS
rates were 97.7%, 90.4%, and 90.4% in the no-treatment
group and 100% at all three time points in both the chemo-
therapy-only and chemotherapy plus anti-HER2 groups (p =
0.068; Fig. 1, Table 4).

Among the 104 patients who received chemotherapy, OS
remained 100% at 5, 10, and 15 years, whereas the corre-
sponding rates for the 61 patients who did not receive che-
motherapy were 97.7%, 90.4%, and 90.4%, respectively
(p =0.02).

Among the 51 patients who received anti-HER2 therapy,
OS remained 100% at 5, 10, and 15 years. In comparison, the
rates for the 114 patients who did not receive anti-HER2 ther-
apy were 98.9%, 95.6%, and 95.6%, respectively (p = 0.37).

Recurrence details
A total of 11 breast cancer recurrence events were identi-
fied, including three ipsilateral local recurrences, one region-

Table 4. Overall survival rates according to adjuvant treatment

KJIM™

al recurrence, four distant recurrences, and three contralat-
eral breast events (Supplementary Table 6). In addition, 10
non-breast secondary malignancies were recorded, includ-
ing thyroid cancer (n = 2), lung cancer (n = 2), endometrial
cancer (n = 1), colon cancer (n = 1), pancreatic cancer (n =
1), cervical neoplasia/cancer (n = 1), gastric gastrointestinal
stromal tumor (n = 1), and diffuse large B-cell lymphoma
(n = 1). Among recurrent breast events, subtype discor-
dance from the primary HER2-positive tumor was identified
in two cases: one contralateral hormone receptor-positive/
HER2-negative breast cancer and one triple-negative breast
cancer.

Adverse event profiles

Adverse event data retrospectively collected from medical
records were categorized based on the presence or ab-
sence of events rather than grade-specific toxicity. Among
patients who received chemotherapy-containing adjuvant
treatment, any-grade adverse events were documented in
50 of 53 patients (94.3%) in the chemotherapy-only group
and 44 of 51 patients (86.3%) in the chemotherapy plus an-
ti-HER2 group (p > 0.999). Any-grade anemia was reported
in 38 patients (71.7%) and 37 patients (72.5%), respective-
ly (o = 0.374), whereas febrile neutropenia occurred in 22
patients (41.5%) and 13 patients (25.5%), respectively (p =
0.248). Among patients who received anti-HER2 therapy,
no clinically documented heart failure or decrease in left
ventricular ejection fraction was identified.

Treatment group 5-year 10-year 15-year p value
Treatment 0.068
No treatment 97.7% 90.4% 90.4%
Chemotherapy only 100.0% 100.0% 100.0%
Chemo + anti -HER2 100.0% 100.0% 100.0%
Chemotherapy 0.02
No chemotherapy 97.7% 90.4% 90.4%
Chemotherapy 100.0% 100.0% 100.0%
Anti-HER2 therapy 0.37
No anti-HER2 98.9% 95.6% 95.6%
Anti-HER2 100.0% 100.0% 100.0%

HER2, human epidermal growth factor receptor 2.
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DISCUSSION

The efficacy of adjuvant chemotherapy and anti-HER?2 thera-
py in patients with T1a or T1b NO HER2-positive early breast
cancer remains a subject of ongoing debate [7,10-12,19-
21]. Several retrospective studies have reported poorer out-
comes in patients with T1a/T1b NO HER2-positive breast
cancer who did not receive adjuvant therapy compared with
other subtypes, with one study reporting a 5-year recur-
rence-free survival rate of 77.1% (95% Cl, 67-85%) [22].
In contrast, recent studies have shown a lower risk of distant
recurrence in untreated patients (2-7%), highlighting the
controversy surrounding prognosis and the role of adjuvant
therapy in this population[19,20]. Kolben et al. [21] reported
favorable outcomes for node-negative tumors smaller than
1 cm, particularly for those under 0.5 cm, where adjuvant
chemotherapy showed no benefit. Similarly, an Italian ob-
servational study involving 303 patients found no significant
difference in 5-year survival rates between patients who
received adjuvant chemotherapy alone and those who re-
ceived adjuvant chemotherapy with trastuzumab (95% with
trastuzumab vs. 94.3% without trastuzumab, adjusted p =
0.621) [10]. The majority of patients who received chemo-
therapy alone were hormone receptor-positive and received
adjuvant endocrine therapy, suggesting that trastuzumab
may be less essential in hormone receptor-positive breast
cancer. Conversely, a prospective single-center cohort study
by Yang and Qu [12] analyzed data from January 2017 to
December 2019 and included 168 patients with T1a/T1b
NO HER2-positive breast cancer. Approximately 60.7% of
patients received both chemotherapy and targeted therapy,
28% received chemotherapy alone, and 11.3% received no
adjuvant treatment. The 3-year IDFS rates were significantly
higher in patients who received chemotherapy or combined
chemotherapy and targeted therapy compared with un-
treated patients (100% vs. 97.9% vs. 89.5%, p < 0.001),
with low rates of cardiac complications reported [12]. An-
other retrospective study also demonstrated significantly im-
proved DFS in patients treated with adjuvant chemotherapy
and trastuzumab [7]. A Canadian prospective registry study
involving 583 patients with T1ab NO HER2-positive breast
cancer reported a 3-year survival rate of 99.1% compared
with 96.9% in an untreated control group of 13,296 pa-
tients (adjusted HR 0.59, 95% C1 0.29-1.20) [11]. However,
adjuvant chemotherapy and trastuzumab were associated
with increased risks of coronary artery disease and febrile
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neutropenia. A 2023 systematic review and meta-analy-
sis that included these heterogeneous retrospective data
suggested that adjuvant trastuzumab-containing therapy
was associated with improved prognosis in patients with
HER2-positive T1a/bNO breast cancer, although the avail-
able evidence was limited by the non-randomized nature of
the included studies and between-study heterogeneity [23].

Despite this uncertainty, adjuvant chemotherapy and
anti-HER2 therapy are frequently used in clinical practice.
In particular, the single-arm phase 2 APT trial established
weekly paclitaxel plus 1 year of trastuzumab as a wide-
ly adopted de-escalated regimen for small, node-negative
HER2-positive breast cancer. In the final 10-year analysis,
the APT regimen showed durable long-term outcomes, with
a 10-year IDFS of 91.3%, a 10-year recurrence-free inter-
val of 96.3%, and a 10-year OS of 94.3%, supporting this
regimen as a reasonable treatment standard in this setting.
However, because APT was a single-arm study, it did not ad-
dress whether less toxic or chemotherapy-sparing HER2-di-
rected strategies could provide comparable efficacy [9,24].

In this context, the randomized phase 2 ATEMPT trial fur-
ther expanded the de-escalation landscape by evaluating ad-
juvant T-DM1 versus paclitaxel plus trastuzumab in patients
with stage | HER2-positive breast cancer. In the recently re-
ported 5-year analysis, 1 year of adjuvant T-DM1 was associ-
ated with excellent outcomes, with a 5-year IDFS of 97.0%,
a recurrence-free interval of 98.3%, and an OS of 97.8%
[25]. Although ATEMPT was not powered for a formal ef-
ficacy comparison between the regimens, and the 5-year
IDFS in the TH arm was also favorable at 91.1%, these data
suggest that multiple de-escalated anti-HER2-containing
approaches can achieve excellent long-term disease con-
trol in selected patients with stage | disease. Nevertheless,
treatment selection in this population remains challenging
because efficacy must be balanced against tolerability and
overtreatment in a group with an overall low event rate.
The ongoing ATEMPT 2.0 trial was designed to further re-
fine the treatment strategy by comparing TH with a shorter
course of T-DM1 followed by trastuzumab, with the aim
of maintaining efficacy while reducing toxicity [26]. Taken
together, these studies indicate that the future direction of
adjuvant treatment for small, node-negative HER2-positive
breast cancer lies not only in determining the population of
patients to receive anti-HER2-containing therapy but also in
identifying those who may benefit from less intensive, bio-
logically tailored regimens.
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This retrospective, single-center study evaluated the effi-
cacy and safety of adjuvant chemotherapy and anti-HER2
therapy in patients with T1a or T1b NO HER2-positive early
breast cancer. Overall, patients who received chemother-
apy plus anti-HER2 therapy showed the most favorable
long-term IBCFS, although the differences among the
treatment groups were not statistically significant. When
stratified by tumor size, the apparent numerical benefit of
anti-HER2-containing treatment was more evident in pa-
tients with T1a tumors. In this subgroup, the 15-year IBCFS
rate was 79.8% in the no-treatment group, 57.5% in the
chemotherapy-only group, and 100% in the chemotherapy
plus anti-HER2 group. By contrast, patients with T1b tumors
showed similarly favorable IBCFS outcomes across the treat-
ment groups, suggesting that treatment effect may differ
according to tumor size and underlying recurrence risk. The
seemingly better prognosis of untreated T1b tumors com-
pared with that of untreated T1a tumors should, howev-
er, be interpreted with caution. Because patients with T1b
tumors were more likely to receive chemotherapy and an-
ti-HER2 therapy, this paradoxical finding may reflect treat-
ment-selection imbalance and the small number of events
rather than a true biologic advantage of T1b disease. In this
regard, our data may indirectly suggest that, in real-world
practice, clinicians tended to select more intensive adjuvant
treatment for T1b tumors perceived to be at higher risk.

Regarding IDFS, a similar numerical advantage of an-
ti-HER2-containing treatment was observed overall; howev-
er, the subgroup patterns were less consistent than those
for IBCFS and differed according to tumor size. Taken to-
gether, these findings suggest that anti-HER2-containing
adjuvant treatment may be associated with favorable long-
term outcomes in selected patients, but these observations
should be interpreted cautiously given the small sample size
and limited number of events.

From the perspective of OS, chemotherapy-containing
treatment was associated with numerically favorable long-
term outcomes compared with no adjuvant treatment, and
patients who received chemotherapy showed significant-
ly better OS than those who did not. However, anti-HER2
therapy was not associated with a statistically significant OS
difference in this cohort. Given the small number of deaths
and the non-randomized nature of treatment selection in
this retrospective cohort, these OS findings should be inter-
preted cautiously.

With respect to safety, no significant differences in any-
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grade adverse events were observed between the chemo-
therapy-only and chemotherapy plus anti-HER2 groups.
Likewise, no significant between-group differences were
observed in any-grade anemia or febrile neutropenia, and
no clinically documented heart failure or decline in left ven-
tricular ejection fraction was identified among patients who
received anti-HER2 therapy. Because trastuzumab-related
cardiotoxicity is a well-recognized adverse effect, cardiac
monitoring remains an important component of treatment
in clinical practice [27]. However, the retrospective collec-
tion of adverse event data and the absence of grade-specific
toxicity information limit definitive safety comparisons.

This study has some limitations. First, it was a retrospective
study conducted at a single institution, which introduces the
possibility of selection bias and limits the generalizability of
the findings. Second, the sample size was relatively small,
and the numbers of recurrence and death events were lim-
ited, reducing the statistical power to detect differences
between treatment groups. Third, baseline clinicopatholog-
ic characteristics were not fully balanced across treatment
groups, and treatment allocation was not randomized,
which might have influenced both treatment selection and
long-term outcomes. Fourth, adverse event data were retro-
spectively collected from medical records and were available
primarily in the form of presence or absence of events rather
than grade-specific toxicity, limiting detailed safety compar-
isons. Finally, biomarker information for recurrent lesions
was available only in a limited number of cases, restricting
a more comprehensive assessment of subtype changes at
recurrence.

In conclusion, anti-HER2-containing adjuvant treatment
was associated with numerically favorable long-term out-
comes in this cohort of patients with HER2-positive T1a/bNO
breast cancer, particularly among those with T1a tumors.
Because of the retrospective design, baseline imbalances
between the treatment groups, and the limited number of
events, these findings should be interpreted with caution.
Further large-scale prospective studies are warranted to re-
fine risk stratification and optimize adjuvant treatment strat-
egies for patients with small, node-negative HER2-positive
breast cancer.
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KEY MESSAGE

1. Anti-HER2 therapy is a key treatment modality for
HER2-positive breast cancer.

2. In patients with HER2-positive T1a/b early breast
cancer, anti-HER2-containing adjuvant treatment
was associated with numerically favorable long-
term IBCFS and IDFS, with the benefit being more
evident for IBCFS in those with T1a tumors.
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Supplementary Figure 1. IDFS by chemotherapy and anti-HER2 therapy for patients with T1a and T1b tumors, evaluated separately.
IDFS according to the presence or absence. (A) Adjuvant chemotherapy in patients with T1a tumors. (B) Adjuvant chemotherapy in pa-
tients with T1b tumors. (C) Anti-HER2 therapy in patients with T1a tumors. (D) Anti-HER2 therapy in patients with T1b tumors. HER2, hu-
man epidermal growth factor receptor 2; IDFS, invasive disease-free survival.
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Supplementary Table 1. Adjuvant chemotherapy regimens

Group Regimen Cycle (n)
Chemotherapy AC 1(1),3(1), 4 41)
CAF 6(2)
CMF 3(1),64)
DC 4(1)
EC 4(1)
TC 4 (1)
Chemotherapy + anti-HER2 AC 3(1),409
APT 12 (36)
FAC 6 (1)
TC 4 (4)

AC, doxorubicin plus cyclophosphamide; CAF,
cyclophosphamide, doxorubicin, and fluorouracil; CMF,
cyclophosphamide, methotrexate, and fluorouracil; DC,
docetaxel plus cyclophosphamide; EC, epirubicin plus
cyclophosphamide; TC, docetaxel plus cyclophosphamide;
APT, adjuvant paclitaxel and trastuzumab; FAC, fluorouracil,
doxorubicin, and cyclophosphamide.
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Supplementary Table 2. Univariable and multivariable analyses of baseline clinicopathologic factors for invasive breast
cancer—free survival

i Univariable analysis Multivariable analysis
Variable
HR (95% Cl) p value HR (95% Cl) p value

T

Tla 1 1

Tib 0.24 (0.05-1.15) 0.074 0.29(0.06-1.43) 0.129
Operation

BCS 1

Mastectomy 1.05(0.29-3.72) 0.943
Lymphatic invasion

None 1

Present 1.46 (0.18-12.04) 0.725
Hormone receptor

Negative 1

Positive 0.59 (0.15-2.30) 0.451
Ki67

<20 1 1

> 20 2.17 (0.61-7.71) 0.233 2.24(0.61-8.24) 0.224
Kie7

<14 1

> 14 2.34(0.30-18.47) 0.421
p53

Negative 1

Positive 1.36 (0.38-4.84) 0.633
RT

No 1

Yes 0.57 (0.15-2.21) 0.416
Chemotherapy

No 1

Yes 0.56 (0.16-1.95) 0.363
Anti-HER2

No 1

Yes 0.32 (0.04-2.54) 0.281
ET

No 1 1

Yes 0.19(0.02-1.52) 0.119 0.29(0.04-2.31) 0.24
Treatment

None 1

Chemotherapy only 0.75 (0.20-2.81) 0.668 1.10 (0.28-4.24) 0.892

Chemotherapy + antiHER2 2.28(0.03-2.42) 0.247 0.37 (0.04-3.26) 0.372

HR, hazard ratio; Cl, confidence interval; BCS, breast-conserving surgery; Ki-67, Ki-67 labeling index; p53, tumor protein p53; RT,
radiotherapy; HER2, human epidermal growth factor receptor 2; ET, endocrine therapy.
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Supplementary Table 3. Univariable and multivariable analyses of baseline clinicopathologic factors for invasive disease-
free survival

i Univariable analysis Multivariable analysis
Variable
HR (95% Cl) p value HR (95% Cl) p value

T

Tla 1

T1b 0.64 (0.26-1.54) 0.32
Operation

BCS 1

Mastectomy 1.12 (0.46-2.70) 0.809
Lymphatic invasion

None 1

Present 0.39 (0.05-3.07) 0.374
Hormone receptor

Negative 1

Positive 1.48 (0.62-3.50) 0.378
Ki67

<20 1

> 20 0.83(0.34-2.01) 0.671
Ki67

<14 1

> 14 0.74 (0.27-2.05) 0.565
p53

Negative 1 1

Positive 2.33(0.90-6.02) 0.08 2.28(0.87-5.97) 0.092
RT

No 1

Yes 0.85(0.35-2.05) 0.712
Chemotherapy

No 1

Yes 0.65 (0.27-1.53) 0.321
Anti-HER2

No 1 1

Yes 0.49 (0.14-1.67) 0.255 0.47 (0.13-1.73) 0.256
ET

No 1

Yes 0.94 (0.38-2.00) 0.613
Treatment

None 1

Chemotherapy only 0.79 (0.31-2.00) 0.613 0.93 (0.36-2.39) 0.869

Chemotherapy + antiHER2 0.44(0.12-1.61) 0.214 NA NA

HR, hazard ratio; Cl, confidence interval; BCS, breast-conserving surgery; Ki-67, Ki-67 labeling index; p53, tumor protein p53; RT,
radiotherapy; HER2, human epidermal growth factor receptor 2; ET, endocrine therapy; NA, not available.
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Supplementary Table 4. Invasive disease—free survival according to adjuvant treatment

Treatment group 3-year 5-year 10-year 15-year p value
Treatment 0.51
No treatment 98.1% 85.9% 77.4% 48.4%
Chemotherapy only 94.3% 94.3% 75.1% 51.5%
Chemotherapy + anti-HER2 95.4% 92.5% 92.5% 92.5%
Chemotherapy 0.32
No chemotherapy 98.1% 85.9% 77.4% 48.4%
Chemotherapy 95.0% 93.8% 81.1% 59.1%
Anti-HER2 0.34
No anti-HER2 96.4% 90.9% 77.4% 50.8%
Anti-HER2 95.4% 92.5% 92.5% 92.5%

HER2, human epidermal growth factor receptor 2.
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Supplementary Table 5. Invasive disease-free survival according to adjuvant treatment stratified by tumor size

Treatment group 3-year 5-year 10-year 15-year p value
Treatment (T1a) 0.40
No treatment 97.2% 82.2% 76.3% 38.2%
Chemotherapy only 95.8% 95.8% 64.7% 43.1%
Chemo + anti-HER2 100.0% 93.3% 93.3% 93.3%
Chemotherapy (T1a) 0.43
No chemotherapy 97.2% 82.2% 76.3% 38.2%
Chemotherapy 97.5% 94.9% 69.6% 52.2%
Anti-HER?2 therapy (T1a) 0.34
No anti-HER2 96.9% 88.9% 69.6% 38.6%
Anti-HER2 100.0% 93.3% 93.3% 93.3%
Treatment (T1b) 0.84
No treatment 100.0% 93.3% 83.0% 55.3%
Chemotherapy only 93.1% 93.1% 93.1% 62.1%
Chemo + anti-HER2 92.4% 92.4% 92.4% NA
Chemotherapy (T1b) 0.73
No chemotherapy 100.0% 93.3% 83.0% 55.3%
Chemotherapy 93.2% 93.2% 93.2% 62.1%
Anti-HER2 therapy (T1b) 0.73
No anti-HER2 95.6% 93.2% 87.4% 59.9%
Anti-HER2 92.4% 92.4% 92.4% NA

HER2, human epidermal growth factor receptor 2; NA, not available.
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Supplementary Table 6. Summary of breast cancer recurrence
events and non-breast secondary malignancies

Category Number of cases

Breast recurrence events "
Ipsilateral local 3
Regional 1
Distant 4
Contralateral breast events 3

Non-breast secondary malignancies 10
Thyroid cancer 2
Lung cancer 2
Colon cancer 1
Endometrial cancer 1
Pancreatic cancer 1
Cervical neoplasia/cancer 1
Gastric GIST 1
Hematologic malignancy (DLBCL) 1

GIST, gastrointestinal stromal tumor; DLBCL, diffuse large
B-cell lymphoma.
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