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breast cancer accounts for 15-20% of all breast cancer cases. Despite its
biological aggressiveness, it shows high sensitivity to chemotherapy in
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Shendiiian e (pCR) and long-term survival. Results: The median age of the patients was
60.2 years. Neoadjuvant treatment was received by 62% of the patients, and
adjuvant treatment by 35%. A high pCR rate of 56.5% was achieved in the
neoadjuvant group, and 61.3% in the group with dual anti-HER2 blockade.
Factors associated with higher pCR rates were HER2 3+ expression (p=0.003),
lower expression of estrogen receptors (p=0.016), and higher Ki-67 index
(p=0.006). The median time to recurrence was 8.0 years with a recurrence rate
of 13.1%. pCR proved to be a strong prognostic factor, especially in patients
with stage II, where no patient with pCR relapsed during follow-up.
Conclusion: The results confirm the high efficacy of modern treatment
protocols for HER2-positive breast cancer. Pathological complete response
remains the strongest predictor of favorable outcomes, and its presence
almost eliminates early recurrence in stage II disease.
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Introduction chemotherapy, enabling the achievement of a complete

) pathological response (pCR) [1,2].
Breast cancer accounts for 11.7% of all newly diagnosed

cancers, with over 2.2 million new cases reported annually. The probability of achieving a complete pathological
Those defined as Human Epidermal Growth Factor Receptor response, which is associated with long-term clinical
(HER2)-positive account for 15-20% of all breast cancers. outcomes, has been further increased by the introduction of
Compared to other subtypes, HER-2 positivity is considered a targeted anti-HER2 treatment in the neoadjuvant setting.
poor prognostic sign; however, it is also associated with high Numerous clinical studies have demonstrated the efficacy of
sensitivity to cytotoxic chemotherapy. This characteristic HER-2 targeted therapy in various combinations for early-
makes it suitable for treatment with neoadjuvant stage HER-2 positive breast cancer. Trastuzumab, a

humanized monoclonal antibody targeting the extracellular
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domain of HER2, was the first to demonstrate effectiveness
in neoadjuvant treatment. Its efficacy has been proven in the
NOAH trial 2010, where the pCR rate was higher in the
trastuzumab group, achieving a pCR of 38.5% [3].
Subsequently, after the approval of trastuzumab, more
HER-2 targeted therapies were approved, providing an
additional benefit when combined with trastuzumab. Based
on the results of the phase II study, the NEOSPHERE study,
pertuzumab was approved in combination with trastuzumab
and docetaxel in neoadjuvant treatment, increasing the pCR
rate to 45.8% [4].

According to the current ESMO guidelines, preoperative
chemotherapy  with  anti-HER  therapy  comprising
trastuzumab and pertuzumab (HP) is preferred for HER2-
positive early breast cancer clinical stage II-III to enable
postoperative treatment to be tailored to the pathological
response of the tumor. Chemotherapy options include either a
combination of anthracyclines and taxanes or taxanes with
carboplatin [5]. While trastuzumab has been approved by the
national regulatory authority in Croatia since 2007 for the
treatment of early breast cancer, pertuzumab was approved
only in June 2019, after which it became available for use in
everyday clinical practice.

In postoperative treatment of early breast cancer, the standard
remains trastuzumab for a total treatment of one year, after,
or added to chemotherapy, depending on the stage of disease
and the chosen regimen. In the case of node-negative cancers
up to 2 cm in size, patients can be treated with only 12 cycles
of weekly paclitaxel and trastuzumab every 3 weeks for a
total of one year, thanks to the results of the APT phase II
study [5,6]. The results of the APHINITY trial, following 10
years of follow-up, have demonstrated the benefit of adding
pertuzumab, with the most pronounced effect in patients with
positive lymph nodes, where the risk of death was reduced by
21% [7]. Postoperative systemic treatment after neoadjuvant
chemotherapy and dual anti-HER therapy depends on the
type of pathologic response achieved. If residual disease is
present, trastuzumab emtansine (T-DM1) is used for a total of
one year (KATHERINE study). It has been shown to reduce
local and distant recurrences compared to trastuzumab alone
[8]. The approval from the national regulatory authority in
Croatia for T-DM1 was received in November 2020.

Achieving pCR following neoadjuvant treatment remains a
key objective, as it serves as a surrogate indicator of long-
term outcomes, including the risk of disease recurrence and
overall survival. However, reliable predictive biomarkers for
response to neoadjuvant chemotherapy in combination with
dual anti-HER therapy are still unclear and require further
research [2,9].

Although clinical trials serve as the foundation for evidence-
based medicine, translating their findings into routine clinical
practice  presents inherent challenges related to
generalizability and external validity. The rigid enrollment
criteria and standardized protocols characteristic of
controlled trial environments may not fully capture the
heterogeneity of patients encountered in everyday healthcare

settings [2]. Real-World Data (RWD) provide valuable
information on patient health status and/or healthcare
delivery in routine clinical practice, including access to
treatment, therapeutic efficacy, toxicity, and quality of life,
which can help in developing interventions to improve
patients' healthcare quality, including that of those with
cancer [10].

This study aims to evaluate the real-world outcomes of
neoadjuvant and adjuvant therapy in patients with HER2-
positive early breast cancer treated at our institution over
eight years, focusing on pathologic complete response rates
and long-term survival outcomes. We also evaluate the
correlation between radiological response (as measured by
MRI) and pathologic complete response after neoadjuvant
treatment, as well as assess treatment tolerability. According
to our best knowledge this are the first RWD in this European
region regarding this topic.

Materials and Methods

We conducted a retrospective observational study that
included adult patients (aged > 18 years) with histologically
confirmed HER2-positive early-stage breast cancer treated at
the Tumour Clinic, Clinical Hospital Center Rijeka, Croatia,
following a multidisciplinary team evaluation between
October 2016 and May 2024. HER?2 positivity was defined as
either a 3+ score by Immunohistochemistry (IHC) or a 2+
IHC score with positive Fluorescence /n situ Hybridization
(FISH) results. All patients received at least one cycle of
anti-HER2 therapy in either the neoadjuvant or adjuvant
setting. Exclusion criteria were neoadjuvant treatment
administered as part of a clinical trial or off-label therapy,
and the presence of metastatic disease.

Regarding regulatory approvals in Croatia, trastuzumab has
been authorized for early breast cancer treatment since 2007.
Pertuzumab received approval in June 2019, followed by
trastuzumab emtansine (T-DM1) in November 2020. Our
data reflect these regulatory timelines. Demographic,
pathological, and radiological data were collected from
electronic medical records. Descriptive statistics summarized
patients’ demographic and clinical characteristics using
means, medians, and standard deviations. Group differences
were assessed using Chi-square tests for categorical variables
and t-tests or Mann-Whitney U tests for continuous variables,
depending on data distribution.

This study was approved by ethical committee of Clinical
Hospital Canter Rijeka.

Pathological Complete Response (pCR) was defined as the
absence of residual cancer tissue in both the breast and axilla
on pathological examination. Complete response on
radiologic imaging was defined as no detectable tumor in
both breast and axilla on MRI. Survival outcomes, including
Overall Survival (OS) and Relapse-Free Survival (RFS),
were analyzed using the Kaplan—Meier method, with survival
curves compared by the log-rank test. Median survival times
and 95% Confidence Intervals (CIs) were reported.
Independent predictors of survival were evaluated using Cox
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proportional  hazards regression models. Statistical
significance was set at a p-value<(.05. Statistical analyses
were performed using MedCalc statistical software, version
19 (MedCalc Software bvba, Ostend, Belgium). As this was a
retrospective chart review, no informed consent was required.

Results

A total of 137 female patients were included in the initial
analysis. The median age was 60.2 years (95% CI 57.2-62.7

years), with patient’s age ranging from 32.5 to 85.1 years.
Nine patients (6.6%) had a previous breast cancer. Details on
initial clinical and radiological stage following initial MR are
available in Table 1; the majority of patients were node
negative (63.5%) and had T1 (42.3%) or T2 cancer (41.6%).

Table 1: Initial radiological staging.

T Number of patients Percentage
1 58 42.3%
2 57 41.6%
3 13 9.5%
4 9 6.6%

N Number of patients Percentage
0 87 63.5%
1 44 32.1%
2 5 3.6%
3 1 0.7%

Stage Number of patients Percentage
1 43 31.4%
2a 54 39.4%
2b 22 16.1%
3a 8 5.8%
3b 9 6.6%
3c 1 0.7%

Histopathologically, NST (No Special Type) was the most
common type (N=125, 91.2%). Oestrogen Receptors (ER)
were negative in 27.0% (N=37) of patients, while 25.5%
(N=35) exhibited a value of 100%. The median value was
75% (95% CI 60.0-90.0). Similarly, progesterone receptors
were negative in 46.0% (N=63) of patients, with only 1
(0.7%) showing 100% positivity. The median value was 1
(95% CI 0-6.0). Ki67 ranged from 3 to 85, with a median of
37.0 (95% CI 35.0-40.0). HER2 was highly expressed (3+)
in 71.3% of patients (N=97), moderately (2+, but confirmed

on FISH) in 37 patients (27.2%), with two patients (1.5%)
showing moderate positivity confirmed on FISH after
initially being HER2 negative on core needle biopsy.
Regarding grade, grade 2 was the most common (N=98,
71.5%), followed by grade 3 (N=36, 26.3%), with only 3
patients having grade 1 (2.2%). A total of 100 patients
(73.0%) were defined as Luminal HER2 positive, with others
(N=37, 27.0%) classified as HER2 positive, hormone
receptor negative. Pathological ypT/pT and ypN/pN data are
available in Table 2; data are available for all but one patient.

Table 2: Histopathological staging.

Patients treated with neoadjuvant therapy

ypT Number of patients Percentage
0 52 61.2%
1 22 25.9%
2 10 11.8%

Annals of Medical and Health Sciences Research | Volume 16 | Issue 1 | January 2026 3




Mikolasevic I, et al.: Real-World Data Evaluating Outcomes Following Neoadjuvant and Adjuvant Therapy in Patients with HER2-Positive Early

Breast Cancer

3 1 1.2%
ypN

0 72 84.7%

1 1 12.9%

2 2 2.4%

Patients treated with adjuvant therapy.

pT Number of patients Percentage

1 41 80.4%

2 9 17.6%

3 1 2.0%
pN Number of patients Percentage

0 39 76.5%

1 12 23.5%

Regarding systemic therapy, a total of 85 patients (62.0%)
started neoadjuvant chemotherapy with anti-HER2 therapy
(NEO), 48 patients (35.0%) received adjuvant chemotherapy
with anti-HER2 therapy (ADIJ), and 4 patients (2.9%) either
refused chemotherapy or were given only endocrine and anti-
HER?2 therapy.

Chemotherapy was generally well tolerated, but 35.8%
(N=49) of patients required a delay in therapy. There was no
difference in the percentage of delayed therapies between the
NEO and ADIJ cohorts (p=0.97). The most common reason
for delay was neutropenia (N=17, 12.8% of all patients who
received chemotherapy), while 8 patients (6.0%) developed
allergic or infusion-related reactions, causing delay. Anti-
HER?2 therapy was delayed at least once in 7 patients (5.1%
of all patients who received anti-HER2 therapy), most
commonly due to cardiac or pulmonary symptoms (both
N=2, 1.4%).

Patients in the NEO and ADJ groups differed in staging, with
the NEO group having fewer patients with T1 tumors (25.9%
vs. 73.1% in the ADJ group), and more with T2 (51.7% vs.
25.0%) and T3 tumors (14.1% vs. 1.9%) (p<0.01). Similarly,
the NEO group had more patients with N1 (38.8% vs. 21.1%)
and N2 stage (5.9% vs. 0%) and fewer with NO (54.1% vs.
78.8%) (p=0.019).

Neoadjuvant treatment

Most of the patients from the NEO cohort received
anthracycline-based chemotherapy (N=69, 81.2% of the
group), with a similar number receiving dose-dense (N=35,
41.2%) and three-weekly regimens (N=34, 40.0%). On the
other hand, only one patient did not receive neoadjuvant
taxanes, with most of the group receiving all planned taxanes
(N=76, 89.4%). Most patients received paclitaxel (N=68,
80.0% of the group), while the rest received docetaxel
(N=16, 18.9%).

The majority of the NEO cohort received dual anti-HER2
therapy (N=75, 88.2% of the group), five (5.9%) received
monotherapy, with two patients not being initially HER2
positive, while the choice of therapy was unknown in three
patients. While the numbers are small, as most patients used
dual HER2 blockade, only 1 (20%) of the monotherapy
group achieved pCR, compared to 61.3% of the dual-
blockade group (N=46) (p=0.18).

Similarly, patients with HER2 3+ had a significantly higher
percentage of pCR compared to patients with HER2 2+
confirmed on FISH (p=0.003) (Figure 1). However, there is
no difference in RFS between the two groups (p=0.23).
45
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Count
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Figure 1: Pathologically complete response based on initial
HER2 positivity. Patients with HER2 score of 2 had HER2
positivity confirmed of flourescence in sifu hybridisation.
Note: PCR: Complete Pathological Response; HER2: Human
Epidermal Growth Factor Receptor

Patients with a pCR exhibited lower expression of ER
(p=0.016) and higher expression of Ki67 (p=0.006), but not
PR (p=0.32). The median time from histopathological
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diagnosis to initiation of neoadjuvant therapy was less than a
month (0.97 months, 95% CI 0.9-1.2), with 95% of patients
beginning less than 2.2 months from diagnosis.

Regarding the response, MRI of breasts before surgery was
available for 74 patients, with only 1 patient (1.3%)
exhibiting progression following NEO (+20% from the initial
volume). The majority of patients exhibited regression of the
cancer volume, with a mean value of 77.2% regression of
breast cancer from baseline (95% CI 69.6-85.0%), and a
median value of 100% (95% CI 90.0-100%). A total of 44
patients exhibited a complete response on MRI (N=57.9%).

pCR data were available for all patients, with a total of 48
patients exhibiting a pCR in both axilla and breast (56.5% of
the group) and 37 (43.5%) having residual disease in either.
There was no difference in pCR between patients with or
without anthracyclines (both 56.5%, p=0.98), while the
difference in pCR between dual and mono-anti-HER2
therapy did not reach statistical significance (61.3% vs.
20.0%, p=0.18).

Although there is a significant positive correlation between
pre-surgery/post-neoadjuvant MRI and pCR (r=0.51,
p<0.0001), 18.2% (N=8) of the patients with a complete
response on MRI had residual disease, while 30.0% (N=9) of
patients with residual disease on MRI did achieve a pCR.
Detailed data on ypT and ypN are available in Table 2.

Duration of neoadjuvant therapy was noted in 83 patients,
with a median value of 4.6 months (95% CI 4.4-4.8). There
was no difference in pCR for patients with longer vs. shorter
than median duration of neoadjuvant therapy (p=0.87).

Adjuvant treatment

Out of 48 patients who started adjuvant chemotherapy, 32
patients (66.7%) received no anthracyclines, while the other
patients most commonly received 4 cycles of doxorubicin
(N=12, 25.0% of the group). The majority of the ADJ cohort
were treated either with paclitaxel (N=37, 77.1%) or a
paclitaxel-carboplatin combination (N=8, 16.7%), while 3
patients received a taxane-free regimen (6.2%). Only two
patients (4.4% of the taxane-regimen group) did not receive
all planned cycles. The median duration of adjuvant
chemotherapy was 3.1 months (95% CI 2.6-3.5) and ranged
from 0.7 to 6.5 months.

Adjuvant anti-HER2 therapy was most commonly
trastuzumab only (N=77, 57.0%), with 36 patients receiving
dual blockade (26.7%) and 20 patients (14.8%) receiving
trastuzumab-emtansine. Details regarding hormonal therapy
are available for 85 patients, with most using aromatase
inhibitors (N=66, 77.6% of the group) and the rest using
tamoxifen (N=19, 22.4%).

Adjuvant radiotherapy was applied in 114 patients at our
institution, either 40 Gy/15 fractions (N=60, 52.6% of the
patient group), 42.4 Gy/16 fractions (N=22, 19.3%), or 50
Gy/25 fractions (N=32, 28.1%). A boost was applied in 51
patients (44.7% of all radiated), most commonly 10 Gy/5
fractions (N=30, 58.8%) or 16 Gy/8 fractions (N=19, 37.3%).

Survival data

Median Relapse-Free Survival (RFS) was 8.0 years (95% CI
6.4-8.5), with 18 patients (13.1%) experiencing relapse or
dying during the follow-up period. There was no difference
in RFS between the NEO and ADJ groups (p=0.66), despite
the NEO group having more patients with nodal metastasis
compared to the ADJ group.

No difference in RFS was found across different age groups,
T stage, N stage, overall stage, hormone receptor positivity,
grade, Ki67, HER2 expression (3+ vs. 2+ with FISH
confirmation), duration of neoadjuvant therapy, use of
anthracyclines in either the NEO or ADJ group, whether or
not all planned paclitaxel cycles were used, choice of
adjuvant endocrine therapy (AI or tamoxifen), type of
adjuvant HER2 treatment (mono vs. dual HER2 therapy),
whether the time from diagnosis to start of neoadjuvant
therapy was longer or shorter than the median, radiotherapy
dose, or use of radiotherapy boost (all p>0.05).

Patients with a pCR had a longer time to relapse (8.5 vs. 6.3
years), and while this difference was not statistically
significant for the whole group (p=0.05), a significant effect
was found for stage II patients treated with neoadjuvant
intent (no relapse vs. 4.9 years, p=0.02) (Figure 2). No
patients with stage I disease experienced relapse. In the entire
NEO group, only 2 patients (4.2%) with a pCR had a relapse,
compared to 24.3% of patients without pCR (N=9).

RFS (Stage Il neoadjuvant)
100

80

)]
[=]
T

PCR
—no
—yes

N
(=]
T

Survival probability (%)

20

I ; 1 . 1 ; I
4 6 8 10

Time (years)

[N

Figure 2: Difference in relapse-free survival based on
pathologically complete response following neoadjuvant
therapy for stage II patients (p=0.02). Note: PCR: Complete
Pathological Response; RFS: Relapse-Free Survival

On the other hand, there was no difference in RFS based on
MR complete response versus residual disease (6.4 vs. 8.5
years) (p=0.78), with 9.1% of patients with MR complete
response experiencing relapse, compared to 13.3% without
MRI complete response.

There was no difference in RFS for patients who experienced
a delay in therapy. In fact, there was a trend toward longer
RFS (8.0 vs. 6.6 years, p=0.08) in patients with treatment
delays (Figure 3).
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Figure 3: Difference in Relapse-Free Survival (RFS) based

on whether delays of systemic therapy occurred (p=0.08).

Note: RFS: Relapse-Free Survival

Although no difference in RFS was found based on
histological type (p=0.18), none of the 12 patients with non-
NST type had a recurrence during the follow-up. Median OS
was not reached during the follow-up, with 9 patients (6.7%)
passing during this period (Figure 2).

Discussion

According to our best knowledge this are the first RWD in
this European region regarding this topic. Our institutional
results demonstrate significant concordance with the
published literature, confirming the value of current
approaches to treating HER2-positive breast cancer. The
analysis of 137 patients over an eight-year period allows for a
thorough comparison with key studies and meta-analyses.

Patient characteristics and stage distribution

The distribution of stages in our cohort demonstrates a
rational approach to treatment selection. The neoadjuvant
group had more patients with T2 (51.7% vs. 25.0%) and T3
(14.1% vs. 1.9%) tumors, reflecting the appropriate use of
neoadjuvant therapy in more advanced diseases. This
distribution is consistent with the NCCN guideline
recommendations that emphasize dual HER2 blockade for
stage II-I1I disease [11].

Clinical and pathologic response rate

Our study finds a significant association between pre-surgery
and post-neoadjuvant MRI results and the achievement of a
Pathologic Complete Response (PCR). Notably, although
18.2% of patients demonstrated a complete MRI response,
eight individuals still presented with residual disease.
Conversely, 30% of those exhibiting residual disease
subsequently achieved a PCR, illustrating that unexpected
outcomes can happen in clinical practice. These results
confirm findings from other studies that a radiological
complete response is not predictive of a pathological

complete response with sufficient accuracy to replace
pathological evaluation after neoadjuvant treatment [12-14].

Our pCR rate of 56.5% in the neoadjuvant group reflects the
excellence of modern treatment protocols. This rate fits
perfectly within the range of published results from key
studies. A Dutch multicenter analysis showed pCR rates of
41% with trastuzumab versus 65% with the dual blockade
[15], while the German PRAEGNANT network reported
52.8% with the combination of pertuzumab and trastuzumab
[16].

A meta-analysis of 9 randomized controlled trials involving
2,758 patients confirmed the superiority of dual HER2
blockade, showing a relative risk of 1.31 (95% CI: 1.21-1.43)
in favor of the combination [17]. Our results confirm this
finding, with a pCR rate of 61.3% in the dual blockade group
versus 20.0% in the monotherapy group; however, statistical
significance was not reached due to the small sample size

(p=0.18).

The importance of HER2 expression we observed is also
consistent with the literature. The Colombian study reported
a significant association between HER2 3+ positivity and
high pCR rates (OR=3.3; 95% CI=1.3-8.35; p=0.013), which
mirrors our findings, where patients with HER2 3+ achieved
a significantly higher pCR rate than those with HER2 2+
confirmed by FISH (p=0.003) [18].

Prognostic value of pCR

Our analysis showed a longer time to relapse in patients with
pCR (8.5 vs. 6.3 years), with a statistically significant
difference in stage II patients treated with neoadjuvant (not
reached vs. 4.9 years, p=0.02). A large meta-analysis of 78
studies with 25,150 patients quantified the prognostic value
of pCR in HER2-positive breast cancer. It showed that pCR
predicted better EFS (HR 0.67, 95% CI 0.60-0.74), RFS (HR
0.69, 95% CI 0.57-0.83), and OS (HR 0.63, 95% CI
0.56-0.70). This meta-analysis also documented that the
prognostic value of pCR was maintained over time, with 5-
year rates showing HRs of 0.37 for EFS, 0.28 for RFS, and
0.26 for OS [15]. A Dutch cohort with a 10-year follow-up
also confirmed the long-term benefit of achieving pCR,
showing that patients with pCR had improved EFS (HR 0.48,
95% CI 0.31-0.73) and OS (HR 0.37, 95% CI 0.20-0.63) [7].
The CTNeoBC study, which included almost 12,000 patients,
demonstrated that pathological complete response in both the
breast and axillae was associated with improved disease-free
survival and overall survival compared to pathological
complete response only in the breast [19].

The NeoSphere trial found that patients who did not achieve
a pathological complete response had a five-year disease-free
survival rate of 75%. In contrast, those who did achieve a
pathological complete response after receiving neoadjuvant
dual HER2 blockade had a higher rate of 85% [4]. These
findings were supported by the phase 2 TRYPHAENA trial,
which  demonstrated that combining neoadjuvant
chemotherapy with dual HER2 blockade (trastuzumab plus
pertuzumab) resulted in higher rates of pathological complete
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response, ranging from 55% to 64%, compared to
chemotherapy with trastuzumab alone [20,21]. This benefit
was even more pronounced in patients whose tumors were
estrogen receptor-negative [21,22].

Hormone receptor status and prediction of
response

Our distribution of 73.0% luminal HER2-positive vs. 27.0%
HER2-positive hormone receptor-negative patients is
consistent with the expected proportion. The Colombian
study confirmed that ER positivity (OR=0.65, p=0.04) and
PR positivity (OR=0.44, p=0.0001) were associated with
lower pCR rates, which aligns with our findings of lower ER
expression in patients with pCR (p=0.016) [18]. A Chinese
registry of 353 patients also confirmed these predictive
factors, showing that ER-negative, PR-negative, HER2 3+,
and high Ki-67 index were associated with higher rates of
pathological complete response (pCR). Their nomogram
achieved an AUC of 0.73, indicating good predictive
accuracy [9].

HER2-positive breast cancer exhibits considerable clinical
and biological diversity, which means that not all patients
respond to current treatments in the same way. Previous
research has demonstrated that HER2-positive disease
encompasses a range of molecular subtypes, including
Luminal A, Luminal B, HER2-enriched, and basal-like
[23-26]. Recent studies have found that HER2 heterogeneity
occurs most frequently in HR-positive, HER2-positive
tumors, with an incidence of approximately 10%, and is
associated with lower rates of Pathologic Complete Response
(pCR) [26,27].

Some HR+ HER2-positive breast cancer cells may rely
predominantly on estrogen receptor (ER) signaling, with only
limited activation of the HER2 pathway. As a result, these
tumors tend to be less responsive to anti-HER?2 therapies but
may remain susceptible to endocrine treatments [28]. There
is also a complex molecular signaling crosstalk between the
HER2 and ER/PR pathways, which can lead to low
sensitivity to neoadjuvant chemotherapy with dual anti-
HER?2 therapy in HR+HER2-positive patients [29].

Treatment tolerance and termination of therapy

Our treatment completion rate of 89.4% for planned taxanes
in the neoadjuvant group, combined with only 4.4% of
incomplete therapy in the adjuvant group, demonstrates
excellent tolerability. We recorded treatment delays in 35.8%
of patients, which is within the expected range for complex
chemotherapy. Notably, these delays did not adversely affect
outcomes, with a trend toward more prolonged RFS in
patients with delays (8.0 vs. 6.6 years, p=0.08). While delays
in neoadjuvant systemic chemotherapy were associated with
an increased risk of death, there is also evidence that
neutropenia in early breast cancer patients is an independent
predictor of improved survival [30,31].

Long-term survival outcomes

Our median RFS of 8.0 years, with 13.1% of patients
relapsing during follow-up, reflects excellent long-term
outcomes. These results are comparable to those in published
studies [4,32,33].

A significant finding is that none of the stage I patients
relapsed during follow-up, supporting the excellent prognosis
of early HER2-positive disease with modern treatment. This
is in agreement with the APT study, which showed a 10-year
invasive DFS of 93% in small, node-negative HER2-positive
tumors treated with paclitaxel and trastuzumab [34].

The role of T-DM1 in adjuvant treatment

The use of T-DM1 in 14.8% of our patients reflects the
gradual adoption of this drug following the publication of the
KATHERINE trial results. This trial demonstrated that T-
DMI1 is superior to trastuzumab in patients with residual
disease after neoadjuvant treatment. Long-term follow-up of
the KATHERINE trial with a median of 8.4 years
demonstrated an absolute benefit in invasive DFS of 13.7%
(80.9% vs. 67.1%) and an improvement in overall survival
(89.1% vs. 84.4%). These results support our institutional
protocols that include T-DM1 for patients with residual
disease [23].

Effect of radiotherapy boost dose

Our study showed that the use of a boost dose of
radiotherapy was associated with a shorter RFS (8.5 years vs.
not reached, p=0.046) in patients who did not achieve a
Pathological Complete Response (pCR). There are no
randomized trials or extensive retrospective studies that have
demonstrated an improvement in Recurrence-Free Survival
(RFS) with a radiotherapy boost dose in patients with HER2-
positive early breast cancer who did not achieve Pathological
Complete Response (non-pCR) after neoadjuvant therapy.
Furthermore, most studies evaluating the effect of boost
radiotherapy have not stratified outcomes by pCR status or
HER2 subtype [35-37]. The focus for these high-risk patients
is on systemic therapy escalation rather than intensification
of local radiotherapy.

Limitations and context

Our single-institution analysis has limitations in terms of
generalizability; however, the results are highly consistent
with the published literature, which enhances the reliability
of our findings. The relatively short follow-up, with a median
of 8 years, may limit the assessment of late recurrences,
especially in hormone receptor-positive patients, where
recurrences may occur later.

One of the significant disadvantages is the observational and
retrospective nature of the study, as the results cannot be
generalized to all of Croatia due to potential biases.

The evolution of treatment during the 8-year follow-up
period may also influence the interpretation of the results,
especially given the gradual introduction of pertuzumab and
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T-DMI1. Nevertheless, our results confirm the efficacy of
modern protocols and support current guidelines.

Future perspectives

Our analysis suggests that some aspects of treatment could be
further optimized. The unexpected finding of a shorter RFS
in patients without pCR who received boost radiotherapy
requires further validation and investigation of the underlying
mechanisms.

Genomic diagnostics, such as the HER2DX test, are showing
promise in optimizing treatment, with 48.1% of patients
experiencing a change in treatment based on the test results
[25]. These developments allow for more precise
individualization of therapy in the future.

Conclusion

Overall, the results of our unique institutional analysis, which
included monitoring 137 patients over eight years, clearly
confirm the effectiveness of modern treatment protocols for
HER2-positive breast cancer. The achieved rate of
Pathological Complete Response (pCR) of 56.5% in the
neoadjuvant group and 61.3% in the dual HER2 blockade
group is consistent with the published results of key clinical
trials. It confirms the superiority of combined anti-HER2
regimens. Long-term outcomes, with a median time to
relapse of 8.0 years and a 13.1% relapse rate, demonstrate
extraordinary sustainability of therapeutic effects and
confirm the prognostic value of pCR for improved event-free
survival and overall survival rates. The hormone receptor-
positive subtype and heterogeneity of HER2 expression have
proven to be significant predictors of response. Patients with
a HER2 3+ reaction show a significantly higher likelihood of
achieving a Pathological Complete Response (pCR), while
ER-positive tumors less frequently achieve a full response.

Although the retrospective nature and unique institutional
population are limitations, the consistency of our findings
with extensive multicenter and meta-analytical studies
reinforces the conclusion that contemporary neoadjuvant and
adjuvant therapies for HER2-positive breast cancer
significantly improve both short-term and long-term
outcomes.

Strengths and Limitations of This Study

This are the first real-word data in this European region
regarding this topic

* Overall, the results of our unique institutional analysis,
which included monitoring 137 patients over eight years,
clearly confirm the effectiveness of modern treatment
protocols for HER2-positive breast cancer

* The achieved rate of Pathological Complete Response
(pCR) of 56.5% in the neoadjuvant group and 61.3% in
the dual HER2 blockade group is consistent with the
published results of key clinical trials. Long-term
outcomes, with a median time to relapse of 8.0 years and
a 13.1% relapse rate, demonstrate extraordinary

sustainability of therapeutic effects and confirm the
prognostic value of pCR for improved event-free survival
and overall survival rates

* Although the retrospective nature and unique institutional
population are limitations, the consistency of our findings
with extensive multicenter and meta-analytical studies
reinforces the conclusion that contemporary neoadjuvant
and adjuvant therapies for HER2-positive breast cancer
significantly improve both short-term and long-term
outcomes
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