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HER2-positive metastatic breast cancer (MBC) represents a challenging subtype of breast cancer,
characterized by aggressive disease and poor clinical outcomes. Trastuzumab emtansine (TDM1),

an antibody-drug conjugate combining trastuzumab and emtansine, has demonstrated efficacy in
clinical trials as a second-line treatment for patients progressing after prior therapies. This study aims
to provide real-world evidence on the efficacy and safety of TDM1 in HER2-positive MBC patients. A
retrospective analysis was conducted on 70 HER2-positive MBC patients treated with TDM1 at our
centre between January 2020 and December 2022. Clinical characteristics, progression-free survival
(PFS), overall survival (OS), response rates, and toxicity were evaluated using hospital records. PFS and
OS were calculated using Kaplan—-Meier methods, and survival curves were compared with log-rank
tests. The median age of patients was 47 years, with a majority presenting with advanced disease
and prior treatment lines. The median PFS was 6.1 months (95% Cl, 4.5-7.6), and the median OS was
14.4 months (95% Cl, 10.2-18.0). The objective response rate was 75.7%, with 12.8% achieving a
complete response and 62.8% a partial response. PFS was significantly longer in hormone receptor-
positive patients compared to hormone receptor-negative patients (8.1 vs. 4.1 months, p=0.035).
Toxicity was manageable, with grade 3-4 adverse events including elevated transaminases (8.5%),
thrombocytopenia (5.7%), and anemia (4.2%). The efficacy of TDML1 in this real-world cohort aligns
with clinical trial data, though PFS and OS were somewhat lower compared to trials, likely due to the
inclusion of patients with more extensive disease and prior treatments. Notably, TDM1 demonstrated
activity against CNS metastases and a manageable safety profile, with higher incidence of hepatic
and hematologic toxicities. Our study supports the use of TDML1 as a viable option for treating HER2-
positive MBC in routine clinical practice, confirming its effectiveness and safety profile observed in
clinical trials.
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Breast cancer is the most diagnosed cancer type, accounting for 1 in 8 cancer diagnoses worldwide. In 2020,
there were about 2.3 million new cases of breast cancer globally and about 685,000 deaths from it. Breast cancer
incidence rates are highest in countries that have undergone economic transition'. Over the past decade, a novel
molecular classification of breast cancer has emerged, featuring the human epidermal growth factor receptor 2
(HER2), a component of the ErbB family. Amplification of HER2 occurs in approximately 20% of invasive breast
cancers and correlates with aggressive disease and unfavourable clinical outcomes®*. Treatment strategies for
HER2-positive breast cancer have rapidly evolved following the identification of HER2 as a prime target for
anticancer therapies. The combination of trastuzumab, pertuzumab, and a taxane has significantly prolonged
progression-free survival (PFS) in randomized trials and now represents the standard first-line therapy for
HER2-positive breast cancer®. However, disease relapse eventually necessitates second-line treatment. Multiple
studies have demonstrated the efficacy of trastuzumab plus emtansine (TDM1) in HER2-positive breast cancer
patients who have progressed after prior therapy®.

TDM1 is an antibody drug conjugate that merges the functions of trastuzumab and emtansine. Trastuzumab,
a humanized monoclonal antibody, selectively binds to the HER2 membrane receptor, inducing apoptosis and
activating cellular immunity. Emtansine, an antimicrotubule agent, inhibits tubulin polymerization and exhibits
potency approximately 40 times greater than taxanes in in vitro studies, while maintaining efficacy without
increasing toxicity'®. In TDM1, trastuzumab and emtansine are linked by a stable thioether linker, ensuring
the conjugate’s stability until it reaches the HER2 receptor target. Upon receptor-mediated internalization,
emtansine is released into the cytoplasm, where it disrupts microtubules and inhibits HER2 signaling, leading
to cell-cycle arrest and apoptosis!!2. TDM1 have shown significant clinical benefit in EMILIA and TH3RESA
study®!>!* Though Trastuzumab deruxtecan has now become available, and is preferred drug in this setting,
the cost of the treatment precludes its utilization in a majority of the patients in resource-constrained settings.
Thus, TDMI remains the most common treatment for HER2-positive breast cancer patients who experience
disease progression during or within 12 months after adjuvant treatment with trastuzumab, as well as for those
who relapse after initially responding to treatment with trastuzumab plus a taxane, with or without pertuzumab.

While clinical trials provide crucial evidence of treatment efficacy, they may not fully capture the complexities
of routine clinical care. Real-world data studies address these gaps and offer long-term efficacy insights to
complement trial findings. In our retrospective real-world study, we assessed the efficacy of TDM1 in a cohort of
HER2-positive breast cancer patients treated at our center!>.

Patient and methods
This study is a single-centre, retrospective analysis conducted at our hospital, focusing on the efficacy and safety
of trastuzumab emtansine (TDM1) in HER2-positive metastatic breast cancer (MBC) patients.

Patient selection

We reviewed the medical records of patients treated with T-DM1 between January 2020 and December 2022.
Inclusion criteria were: (1) Confirmed HER2-positive breast cancer, proven by biopsy, Her2 was performed
by standard institutional protocol as summarised in a subsequent paragraph (2) metastatic disease confirmed
by imaging and (3) receipt of at least one cycle of TDMI treatment during the study period. Patients with
incomplete records or those who did not receive at least one cycle of TDM1 were excluded.

HER2 testing methodology

HER? testing was performed using two primary methods: immunohistochemistry (IHC) and fluorescence in
situ hybridization (FISH). These diagnostic assays were integral to confirming HER2 positivity in our study
population.

Immunohistochemistry (IHC)

ITHC was conducted on formalin-fixed, paraffin-embedded breast cancer tissue samples. A standard THC
procedure involved deparaffinization, rehydration, and antigen retrieval followed by incubation with a HER2-
specific monoclonal antibody. The presence of HER2 protein overexpression was assessed by evaluating the
intensity and pattern of staining under a light microscope. HER2 expression was categorized into four levels:
0 (no staining), 1+ (weak, incomplete membrane staining), 2+ (moderate, complete membrane staining),
and 3+ (strong, complete membrane staining). A score of 3+ was considered positive, indicating high HER2
overexpression. In cases where the IHC score was 2 +, further testing with FISH was employed to confirm HER2
amplification.
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Fluorescence in situ hybridization (FISH)

FISH analysis was used to detect HER2 gene amplification in cases with ambiguous THC results (2 +). This
technique involved applying fluorescently labeled DNA probes specific for the HER2 gene and the chromosome
17 centromere to tumor cell nuclei. The number of HER2 gene copies was quantified relative to the number of
chromosome 17 centromere copies. A HER2/CEP17 ratio greater than 2.0 or HER2 gene copy number exceeding
6.0 signals per cell was indicative of HER2 gene amplification. FISH provided a quantitative assessment,
confirming HER?2 positivity in patients with equivocal IHC results.

Data collection

Clinical characteristics, treatment details, and outcomes were extracted from electronic health records. Data
collected included patient demographics (age, sex, menopausal status), ECOG performance status at the time of
T-DMLI initiation, hormone receptor status (estrogen receptor [ER] and progesterone receptor [PR]), number of
metastatic sites, presence of visceral and central nervous system (CNS) metastases, and prior treatment history.

Treatment regimen
All patients received TDM1 administered as a single agent, typically at a dose of 3.6 mg/kg every 3 weeks. The
treatment duration varied based on clinical response and tolerability.

Outcome measures

Progression-free survival (PFS)

Defined as the time from the start of T-DM1 treatment to disease progression or death from any cause. Disease
progression was assessed using Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1, based on
imaging studies and clinical evaluations.

Overall survival (OS)
Defined as the time from the start of T-DM1 treatment to death from any cause. Patients alive at the last follow-
up were censored.

Response evaluation

Contrast CT/PET scans were performed for response evaluation as per the standard institutional practice. MRI
of brain was performed in patients who had symptoms related to CNS metastasis. Responses to TDM1 were
categorized as complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD)
based on Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 criteria. Objective response rate (ORR)
was calculated as the proportion of patients achieving CR or PR.

Toxicity assessment

Adverse events were classified and graded according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI CTCAE) version 5.0. We recorded any grade 3 or 4 toxicities and documented
their incidence.

Statistical analysis

Descriptive statistics were used to summarize patient characteristics. Kaplan-Meier survival curves were
constructed to estimate median PFS and OS, with 95% confidence intervals (Cls) reported. PFS and OS were
compared between different patient subgroups using the log-rank test. The significance level was set at p< 0.05.
All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS, Armonk, NY),
version 24.

Subgroup analysis

Subgroup analyses were conducted based on hormone receptor status, presence of visceral and CNS metastases,
and number of metastatic sites. We compared PFS and OS among these subgroups to identify factors influencing
treatment outcomes.

Ethical considerations

This study adhered to ethical standards in line with the Declaration of Helsinki. Patient confidentiality was
maintained throughout the study. Written informed consent was not required due to the retrospective nature of
the study, but patient data were anonymized to ensure privacy. The study received approval from the hospital’s
ethics committee.

Results

Baseline characteristics of the patients

A total of 70 Her2 positive MBC patients who satisfied the inclusion and exclusion criteria were included in
this retrospective study. The baseline characteristics of the patients is presented in Table 1. The median age was
47 years, with 46.3% being pre-menopausal. At the time of therapy, 7.1% of patients had an ECOG status of 0,
85.7% had a status of 1, and 7.1% had a status of 2. Additionally, 64.3% of patients were triple-positive. Of these
patients, 54.3% were diagnosed with de novo metastatic disease, while the remaining 45.7% initially presented
with local or locally advanced disease before developing metastasis. Visceral disease involvement was observed
in 65.7% of patients, with 40% experiencing central nervous system (CNS) metastases. The median number
of previous therapy lines was 2.5, with all patients having previously received trastuzumab, either as adjuvant
treatment or for metastatic disease. Other treatments included capecitabine with lapatinib (70% of patients),
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N=70
Characteristic N (%)
Age,years
Median (range, years) 47 (29-68)
Menopausal status
Pre-menopausal 31 (46.3)
Post-menopausal 34 (48.6)
Gender
Female 68 (97.1)
Male 2(2.9)
ECOG performance status
0 5(7.1)
1 60 (85.7)
2 5(7.1)
Hormone receptor status
ER +and/or PR + 45 (64.3)
ER —and PR - 25(35.7)
Visceral disease involvement
Yes 46 (65.7)
No 24 (34.3)
Number of metastatic sites
3 or less 31 (44.3)
>3 39 (55.7)
CNS metastases
Yes 28 (40)
No 42 (60)

Previous treatment

Number of treatment lines — Median (range) | 2.5 (1-7)

Hormonal therapy 40 (25.7%)
Trastuzumab 70 (100%)
Capecitabine-lapatinib 49 (70%)
Anthracyclines 28 (40%)
Taxanes 55 (78.6%)
Gemcitabine 13 (18.5%)
Vinorelbine 2 (2.8%)
T-DM1 treatment line

Second 18 (25.7)
Third 38 (54.3)
Fourth 10 (14.2)
Fifth 1(1.4)
Sixth or more 3(4.3)
Number of T-DM1 cycles of T-DM1 cycles | (1-38)

Median (range)

Table 1. Baseline characteristics of the HER2-positive metastatic breast cancer patients included in the study.
ECOG, Eastern Cooperative Oncology Group; ER, estrogen receptor; PR, progesterone receptor; CNS, central
nervous system.

anthracyclines (40%), taxanes (78.6%), hormonal therapy (57%), gemcitabine and carboplatin (18.5%), and
Vinorelbine (2.8%). Most patients (66.6%) received TDM1 as the second or third line of treatment for metastatic
disease, with a median of 6 cycles administered (range: 1-38).

Clinical outcomes

All 70 patients were evaluated for PFS, OS, and response. Median PFS was 6.1 months (95% CI, 4.5- 7.6) (Fig. 1A).
Median OS was 14.4 months (95% CI, 10.2-18.0) (Fig. 1B). The objective response rate was 75.7%. Nine patients
(12.8%) achieved a complete response, 44 (62.8%) a partial response, 12 (17.1%) had stable disease as their best
response. Five (7.1%) patients progressed on their first reassessment scan.
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Fig. 1. Kaplan Meier survival curves depicting the survival outcomes with TDM1 in HER2 positive breast
cancer patients.

Among the twenty-eight patients with CNS metastases, PFS was 6.7 months (95% CI, 0.2-13.1), compared to
6.1 months (95% CI, 4.7-7.4) for the 42 patients without CNS metastases (p =0.33). OS was 13.6 months (95%
CI, 11.8-15.3), while 17.5 months (95% CI, 11.8-23.3) for patient without CNS metastasis) (p =0.35).

Among the 45 HR + patients, PFS was 8.1 months (95% CI, 4.5-11.8) when compared to 4.1 months (95% CI,
2.3-5.9) for HR Neg patients (p =0.035). The OS for HR + patients was 16.7 (95% CI, 12.4-20.9), while for HR
neg patients, it was 13.1 months (95% CI, 10.2- 16.1) (p =0.2) Among the 46 patients with visceral metastasis,
PFS was 5.1 months (95% CI, 3.3.—6.9) when compared to 6.7 months (95% CI, 3.0- 10.3) (p =0.33) for patients
without visceral disease. OS for patients with visceral disease was 13.1 (95% CI, 10.2 —16.9) vs. 26.0 months
(95% CI, 16.2-35.7) (p =0.012) for patients without visceral metastasis (Fig. 1C). Among the 31 patients with 3
metastasis, PFS was 7.4 months (95% CI, 3.5.-11.4) when compared to 4.4 months (95% CI, 2.4-6.4) (p =0.009)
for patients with more than 3 metastases. OS for patients with 3 or less metastasis was 17.8 months (95% CI,
16.1-19.5) when compared to 13.6 months (95% CI, 8.6-18.6) (p =0.056) for patients having >3 metastases.
According to different lines of treatment, PFS for second line and third line or beyond was 6.4 months and 5.5
months, respectively (p =0.51). The corresponding OS was 14 months and 17.8 months, respectively (p =0.84).

Toxicities
The main grade 3-4 toxicities were elevated transaminases (8.5%), thrombocytopenia (5.7%), anemia (4.2%),
and neutropenia (1.4%). Table 2 summaries all the toxicities of the cohort.

Discussion

Based on the results of two clinical trials, EMILIA and TH3RESA, TDM1 is utilised as a standard of treatment
for HER2-positive breast cancer, both as second- or further-line treatment for advanced or metastatic disease
and as first-line treatment in the case of early progression to adjuvant treatment®!3. It should be highlighted
that trastuzumab deruxtecan has now become available and has shown improved treatment outcomes as
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Adverse Event Any Grade | Grade 3-4
Elevated Transaminases | 18 (25.7%) | 6 (8.5%)
Thrombocytopenia 11 (15.7%) | 4 (5.7%)
Anemia 8(11.4%) 3(4.2%)
Neutropenia 5(7.1%) 1(1.4%)
Hypokalemia 6 (8.5%) 1 (1.4%)

Table 2. Adverse events with TDM1 observed in the study.

EMILIA Study TH3RESA study This Study

Cap +Lap | TDM1 Physician’s choice chemotherapy | T-DM1
Variables N =496 N =495 N=198 N =404 N=70
Age, median (range) 53 (24-83) | 53 (25-84) | 54 (28-85) 53 (27-89) | 47 (29-68)
ECOG Performance Status
0 312 (64) 299 (61) 82 (41) 180 (45) 5(7.1)
1 176 (36) 194 (39) 101 (51) 200 (50) 60 (85.7)
2 0 0 15 (8) 22 (5) 5(7.1)
Hormonal Receptor Status
ER +and/or PR + 263 (62) 282 (57) 103 (52) 208 (51) 45 (64.3)
ER —and PR - 224 (45) | 202(41) |85 (43) 185 (46) | 25(35.7)
Unknown 9(2) 11(2) 10 (5) 113 | ——
Visceral metastasis
Yes 335(68) | 334(67) | 150 (76) 302(75) | 46 (65.7)
No 161 (32) |161(33) |48(24) 102 (25) |24 (34.3)
Number of metastatic sites
<3 307 (62) | 298 (60) 31 (44.3)
>3 175 (35) 189 (38) NA NA 39 (55.7)
Unknown 14 (3) 8(2) -
CNS metastases 50 (10) 45 (9) 27 (14) 40 (10) 28 (40)
Median number of treatment lines | 3 3 4 4 2.5 (range 1-7)
Previous treatments administered
Taxanes 494 (100) | 493 (100) | NA NA 55 (78.6%)
Anthracyclines 302 (61) 303 (61) NA NA 28 (40%)
Hormonal therapy 204 (41) 205 (41) NA NA 40 (25.7%)
Trastuzumab 495 (100) | 205 (100) 198 (100) 404 (100) | 70 (100%)
Lapatinib 0 0 198 (100) 404 (100) | 49 (70%)
Efficacy outcomes
PFS (months) 6.4 9.6 3.3 6.2 6.1
OS (months) 25.1 30.9 15.8 22.7 14.4
ORR 30.8% 43.6% 9% 31% 75.7%
Grade 3/4 toxicities
Elevated transaminases 10 (2.2) 35(7.2) 4(2) 24 (6) 6 (8.5%)
Thrombocytopenia 1(0.2) 64 (12.9) 3(1) 19 (4) 4 (5.7%)
Anemia 8(1.6) 13 (2.7) 5(3) 11(3) 3 (4.2%)
Neutropenia 21(4.3) 10 (2.0) 29 (16) 10 (3) 1 (1.4%)
Hypokalemia 20 (4.1) 11(2.2) NA NA 1(1.4%)

Table 3. Patient characteristics and outcomes in the present study, the EMILIA study, and the TH3RESA
study. Cap + Lap, capecitabine plus lapatinib; ECOG, Eastern Cooperative Oncology Group; PS, performance
status; HR, hormone receptor; ER, estrogen receptor; PR, progesterone receptor; NA, data not available; CNS,
central nervous system; PFS, progression-free survival; OS, overall survival; ORR, overall response rate.

compared to TDM1 based on DB03 results'®. However, the cost issues preclude its widespread use in most of the
patients and TDM1 remains the most commonly utilised antibody-drug conjugate in this setting. This study is a
retrospective analysis of patients treated at a single centre and offers real-world evidence to reinforce and uphold
the conclusions drawn from the two significant clinical trials (Table 3).
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The median age of our patients was 47 years (ranging from 29 to 68), compared to 53 in the EMILIA study,
while 83% of patients in the TH3RESA study were under the age of 65. In our study, the PFS was 6.1 months,
which closely resembles the 6.2 months reported in the TH3RESA study but falls short of the 9.6 months observed
in the EMILIA study, which included patients who had undergone fewer prior treatment lines. OS in our patients
was 14.1 months which is lesser than that attained by the patients in the EMILIA study (30.9 months) and the
TH3RESA study (22.7 months). To add, PFS was longer than 12 months in seven of our patients, including two
patients who were progression-free for more than 27 months. All these patients did not exhibit visceral metastatic
disease. Literature has also documented instances of remarkable and prolonged responses to TDMI, particularly
among patients lacking visceral disease!”. Furthermore, 55.7% of our patients had metastases in three or more
sites, contrasting with 37% in the EMILIA study and 64% in the TH3RESA study. Unlike the clinical trials, our
study encompassed all patients who could potentially derive benefit from TDMI1. The inclusion of these patients
with a poorer prognosis, may be the cause for lesser OS in our study. Besides, 40% of patients in our study had
CNS metastases, compared to just 9% and 10% in the EMILIA and TH3RESA trials, respectively. We observed
a statistically significant difference in OS in patients with and without brain metastases, which indicated that
TDM1 exhibited activity against these metastases as well!®1°.

In our study, 64.3% were triple-positive, in contrast to 55% in the EMILIA study and 52% in the TH3RESA
study. PFS was significantly better in HR + patients (median 8.1 months vs 4.1, p= 0.035), although there was
no significant difference in OS. One possible explanation is that these patients might have already experienced
prolonged survival with previous lines of treatment, enabling them to progress to TDMI in more advanced
treatment stages. This could potentially introduce a bias into the selection of our patients, which would not have
been present in the clinical trials. Consequently, HER2-positive but hormone receptor-negative patients with a
poorer prognosis due to aggressive disease behaviour may have been excluded from consideration. This selection
process could have introduced a negative bias. Despite the generally lower rates of pathological complete response
to neoadjuvant treatment observed in triple-positive breast cancer patients, our findings suggest that this initial
response does not necessarily translate to poorer outcomes with TDM1 in the long term?°-22,

In our study, we observed a higher incidence of elevated transaminases and neutropenia compared to the
EMILIA and TH3RESA studies. A safety analysis across six studies of T-DM1 in HER2-positive breast cancer,
involving 884 patients, identified asthenia as the most common adverse effect, followed by nausea and vomiting?>.
Thrombocytopenia was reported in 32% of patients, while 23% experienced elevated transaminases. Overall, our
patients exhibited higher rates of hepatotoxicity and hematological toxicities, although most were of grade 1-2
severity. These elevated rates of grade 1-2 toxicity in our study may be attributed to less stringent dosing control
of TDM1 compared to clinical trials or to a higher number of TDM1 cycles administered. Despite our series
having a median of six cycles of TDM1, which is lower than the 10.1 and 10.5 cycles observed in the EMILIA
and TH3RESA studies, TDM1 demonstrated efficacy in treating HER2-positive metastatic breast cancer with an
excellent safety and tolerability profile.

Conclusions
Our real-world data corroborate and endorse the findings of the two major phase III trials, highlighting the
utility of TDM1 in routine clinical practice for treatment of metastatic Her2 positive breast cancer patients.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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