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ABSTRACT

Background ABP 980 is a biosimilar antibody to reference tras-

tuzumab (RTZ). Aim of the following study is to confirm the

similarity of ABP 980 and RTZ in terms of clinical efficacy and

safety in patients with HER2-positive early breast cancer (EBC)

undergoing neoadjuvant trastuzumab-containing chemother-

apy in a clinical real-world situation that also includes patients

receiving pertuzumab.

Methods Patients with HER2-positive EBC, who were treated

from 12/2010 to 03/2020 at the Department of Women’s

Health at Tuebingen University Hospital, Germany, with at

least four cycles of neoadjuvant chemotherapy (+/− pertuzu-

mab) in combination with ABP 980 or RTZ were included in a

retrospective analysis. For efficacy analysis patients achieving a

pathologic complete remission (pCR = no invasive tumor in

breast and lymph nodes) were compared. Safety was evalu-

ated by comparing the number of patients with a decrease in

left ventricular function (LVEF) of > 10%.

Results 124 patients were included of whom 46 (37.1%) have

received ABP 980 and 77 (62.9%) were treated with RTZ. A

pCR was found in 77 patients (62.1%). For patients treated

with ABP 980 as compared to RTZ, there was no significant dif-
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ference regarding efficacy (pCR-rates of 60.9% versus 62.8%,

p = 0.829) or cardiac safety (LVEF decline in 6.5% versus 2.6%,

p = 0.274).

Conclusion Similarity of ABP 980 as compared to RTZ was con-

firmed in a real-world situation, including a large proportion of

patients that have also received pertuzumab treatment.

ZUSAMMENFASSUNG

Hintergrund ABP 980 ist ein Biosimilar-Antikörper von Refe-

renz-Trastuzumab (RTZ). Ziel dieser Studie war es, die Ähnlich-

keit von ABP 980 mit RTZ zu bestätigen in Bezug auf die kli-

nische Wirksamkeit und Sicherheit in Patientinnen mit HER2-

positivem Brustkrebs im Frühstadium, die sich einer neoadju-

vanten Chemotherapie mit Trastuzumab unterziehen. Die Stu-

die sollte reale klinische Bedingungen abbilden und schloss so-

mit auch Patientinnen ein, die Pertuzumab erhielten.

Methoden Patientinnen mit HER2-positivem Brustkrebs im

Frühstadium, die zwischen 12/2010 und 03/2020 in der

Frauenklinik des Universitätsklinikums Tübingen, Deutschland,

mindestens 4 Zyklen einer neoadjuvanten Chemotherapie

(+/− Pertuzumab) in Kombination mit ABP 980 oder RTZ er-

hielten, wurden in diese retrospektive Analyse aufgenommen.

Für die Wirksamkeitsanalyse wurden Patientinnen mit patho-

logischer Komplettremission (pCR = kein invasiver Tumor in

der Brust und negativer Lymphknotenstatus) verglichen. Zur

Beurteilung der Sicherheit von ABP 980 wurde die Anzahl an

Patientinnen, die eine Minderung ihrer linksventrikulären

Funktion (LVEF) von mehr als 10% aufwiesen, verglichen.

Ergebnisse Insgesamt wurden 124 Patientinnen in die Studie

aufgenommen. Davon erhielten 46 (37,1%) Frauen ABP 980,

und 77 (62,9%) Patientinnen wurden mit RTZ behandelt. Eine

pCR stellte sich bei 77 (62,1%) Patientinnen ein. Es gab keinen

signifikanten Unterschied bezüglich der klinischen Wirksam-

keit zwischen mit ABP 980 behandelten Patientinnen und den

mit RTZ behandelten Patientinnen (die jeweiligen pCR-Raten

betrugen 60,9% bzw. 62,8%, p = 0,829), auch nicht in Bezug

auf die kardiologische Sicherheit (eine LVEF-Minderung wurde

bei 6,5% bzw. 2,6% der Fälle vermerkt, p = 0,274).

Schlussfolgerung Die Ähnlichkeit von ABP 980 und RTZ in

einer realen klinischen Situation, die auch eine große Anzahl

an mit Pertuzumab behandelten Patientinnen einschloss,

konnte bestätigt werden.

Introduction

Overexpression of the human epidermal growth factor receptor 2
(HER2) occurs in about 15–20% of breast cancer and is associated
with high risk of recurrence and metastasis [1, 2]. Trastuzumab is a
humanized antibody against HER2, its addition to chemotherapy
significantly improves outcome in metastatic and early breast can-
cer (EBC) [3, 4, 5, 6, 7, 8] and the use is inherent part of daily clin-
ical practise [9, 10, 11]. When given in combination with che-
motherapy prior to surgery (neoadjuvant therapy, NAT), the pro-
portion of pathological complete responses (pCR) merely doubles,
as compared to chemotherapy alone [12, 13]. Since pCR is a
strong predictor of prognosis, especially in the subgroup of HER2-
positive patients, it is commonly used by clinicians to guide treat-
ment decisions and as an established endpoint in clinical trials [14,
15]. Moreover, it was recently shown that the addition of a second
HER2-directed antibody, pertuzumab, further enhances the effi-
cacy of anti-HER2 therapy in terms of outcome and achievement
of pCR [16, 17, 18, 19].

Biosimilars are an emerging group of substances, which have
high potential to facilitate access to targeted oncological therapy
by lowering the financial burden on healthcare budgets. The exact
definition by the European Medicines Agency reads as follows:
“a biological medicinal product, that contains a version of the ac-
tive substance of an already authorised original biological medic-
inal product in the European Economic Area.” [20].

Given the impossibility to produce an absolutely identical pro-
duct compared to the originator, which is due to complex manu-
facturing processes of macromolecules, an abbreviated approval
pathway has been generated to accelerate the approval of biosimi-

lars [21, 22]. At the end of this pathway a comparative clinical effi-
cacy study is performed to confirm the clinical equivalence be-
tween the biosimilar and its reference product. These studies
should be conducted in a sensitive population to subsequently al-
low extrapolation to other indications of the reference product
[23, 24].

ABP 980 is a biosimilar antibody to reference trastuzumab
(RTZ) that showed no differences in terms of structure, function
and pharmacokinetic profile [25, 26]. In the LILAC study, patients
were randomized to receive NAT that contained four cycles of
either ABP 980 or RTZ in combination with standard anthracycline
and taxane containing chemotherapy [27]. After surgery, adjuvant
treatment with ABP 980 or RTZ was continued for up to 1 year.
Similar rates of pCR were observed indicating similar efficacy,
while the safety outcome in both, the neoadjuvant and the adju-
vant phases, was also comparable between treatment arms.

Due to the abbreviated approval steps continuous clinical mon-
itoring of biosimilars in everyday clinical practice and an appropri-
ate introduction of the substance is important, especially in treat-
ment situations that have not been investigated in the registration
studies (e.g. other therapy lines or other therapy combinations)
[28]. We therefore investigated the pCR rate of NAT containing
RTZ versus ABP 980 in the clinical routine of a large German breast
cancer center that also includes the combination of RTZ and
ABP 980, respectively, with pertuzumab. Additionally, safety was
investigated in the context of cardiac events and impaired left ven-
tricular ejection fraction (LVEF).
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Patients and Methods

Study Population
Patients with early HER2-positive breast cancer, who received NAT
containing RTZ or ABP 980 between 12/2010 and 03/2020 at the
Department of Women’s Health at Tuebingen University Hospital,
Germany, were included in a retrospective analysis. From 12/2010
to 05/2018 patients were treated with RTZ and from 06/2018 on
ABP 980 was applied. For inclusion the following criteria need to
be met: tumor stage cT1–cT4, cN0–cN3, early stage breast cancer
with no evidence of metastatic disease, at least 4 cycles of anthra-
cycline and/or taxane containing NAT, at least 4 cycles of neoadju-
vant ABP 980 or RTZ and normal LVEF at baseline. Combination
with pertuzumab was permitted. Surgery was performed at the
Department of Women’s Health, Tuebingen University Hospital,
Germany and the tissue was examined by the Institute of Pathol-
ogy, Tuebingen University Hospital, Germany. The study was ap-
proved by the local ethics committee (636/2021 B02).

HER2 diagnostics
The HER2-status was assessed to local standards by using the HER-
CEPT test (DAKO, Glostrup, Denmark). Expression of HER2 was
scored on a 0 to + 3 scale. Tumors with a score of + 3 were consid-
ered HER2-positive. In case of a score of + 2, HER2 amplification
was determined by fluorescence in-situ hybridization using the
Pathvysion Kit (Vysis, Downers Grove, IL).

Therapeutic setting
RTZ/ABP 980 was administered intravenously every three weeks
with an initial loading dose of 8mg/kg and maintenance doses of
6mg/kg. If a treatment delay of more than 7 days occurred, the
initial loading dose was given again. NAT was administered accord-
ing to local clinical practice and consisted of at least 4 cycles of an
anthracycline and/or taxan containing standard regime. Due to
potential risks of cumulative cardiac toxicity, RTZ/ABP 980 was not
administered simultaneously with anthracyclines but in sequence
(i.e. in combination with taxanes). After completion of breast sur-
gery, pathological response was determined. To investigate clinical
efficacy of RTZ and ABP 980, rates of pathological complete remis-
sion (pCR) in breast and axillary nodes (ypT0/is, ypN0) were com-
pared. The frequency of cardiac adverse events was assessed as
per local practice and in accordance with national guidelines,
which recommends LVEF assessments to be performed at the time
of treatment initiation and every 3 months during treatment and
as clinically indicated. An LVEF decrease of more than 10% from
the baseline value was defined as a relevant decline in cardiac
function [29].

Statistical analysis
The primary objective was to compare the association of RTZ ver-
sus ABP 980 with pCR. For this purpose, predictors of a pCR were
identified by a multivariate logistic regression analysis. The follow-
ing factors were included in the first block: clinical tumor size (or-
dinal; T1, T2, T3/4), lymph node involvement before NAT (catego-
rical; no, yes) grading (categorical, G2, G3), hormone receptor
status (categorical; positive, negative), HER2-Score (categorical;
2+, 3+), anthracycline containing NAT (categorical; no, yes), dual
HER2-blockade with pertuzumab (categorical; no, yes). The type
of trastuzumab used (categorical; RTZ, ABP 980) was entered in a
second block to evaluate whether this would significantly improve
the first model. The performance of the logistic regression model
was measured using the area under the receiver operating charac-
teristic curve (AUC) and the Hosmer–Lemeshow test. Odds Ratios
(ORs) and corresponding 95% confidence intervals (CIs) were cal-
culated. For statistical analyses SPSS software version 27 was used.
All the tests were two-sided, and a P value of < 0.05 was regarded
as statistically significant.

Ethical approval
All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical stan-
dards.
Ethical approval was waived by the local Ethics Committee of Uni-
versity Tuebingen (No. 636/2021 B02) in view of the retrospective
nature of the study and all procedures being performed were part
of routine care.

Results

Characteristics of the study group
124 patients were included, 46 patients (37.1%) were treated with
ABP 980, while 78 patients (62.9%) received RTZ. Baseline pa-
tients’ characteristics were balanced between groups regarding
tumor size, nodal involvement, hormone receptor status and HER2
status as described in ▶ Table 1. However, patients treated with
ABP 980 were more frequently node negative, of higher grade,
hormonal receptor positive and more often treated with pertuzu-
mab. In both groups, all patients received taxane-based NAT while
anthracyclines were administered in approximately 90% of the pa-
tients.
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▶Table 1 Patient characteristics.

ABP 980 RTZ total P value*

All patients, N 46 78 124

Mean age, years (SD) 51.3 (9.0) 53.7 (10.0)  52.2 (9.4) 0.176

Tumor size, N (%) 0.436

▪ T1  9 (19.6) 16 (20.5)  25 (20.2)

▪ T2 32 (69.6) 47 (60.3)  79 (63.7)

▪ T3–4  5 (10.9) 15 (19.2)  20 (16.1)

Nodal involvement, N (%) 0.063

▪ pN− 25 (54.3) 29 (37.2)  54 (43.5)

▪ pN+ 21 (45.7) 49 (62.8)  70 (56.5)

Grading, N (%) 0.024

▪ G2  9 (20.0) 31 (39.7)  40 (32.5)

▪ G3 36 (80.0) 47 (60.3)  83 (67.5)

ER status, N (%) 0.256

▪ negative 17 (37.0) 37 (47.4)  54 (43.5)

▪ positive 29 (63.0) 41 (52.6)  70 (56.5)

PR status, N (%) 0.067

▪ negative 23 (50.0) 52 (66.7)  75 (60.5)

▪ positive 23 (50.0) 26 (33.3)  49 (39.5)

HER2 status, N (%) 0.695

▪ Score 2+  7 (15.2) 14 (17.9)  21 (16.9)

▪ Score 3+ 39 (84.8) 64 (82.1) 103 (83.1)

Neoadjuvant chemotherapy, N (%)

▪ Taxane yes 46 (100.0) 78 (100.0) 122 (100.0) 1.000

▪ Anthracyclines yes 40 (88.9) 72 (92.3) 112 (91.1) 0.522

no  5 (11.1)  6 (7.7)  11 (8.9)

▪ Dual HER2-blockade yes 44 (95.7) 53 (67.9)  97 (78.2) < 0.001

no  2 (4.3) 25 (32.1)  27 (21.8)

* chi-squared-test; ER = estrogen receptor; PR = progesterone receptor; RTZ = reference trastuzumab

Comparison of pCR rates under treatment
with RTZ or ABP 980
In total, 77 patients (62.1%) experienced a pCR in breast and axil-
lary lymph nodes (ypT0/is, ypN0). Univariate analysis revealed no
significant difference in patients treated with ABP 980 as com-
pared to RTZ (p = 0.829). As displayed in ▶ Fig. 1 the rate of pCR
was 60.9% (95% confidence interval: 46.6%–74.0%) in patients
treated with ABP 980 as compared to 62.8% (95% confidence in-

terval: 51.8%–72.9%) in the RTZ group. Associations between es-
tablished predictors of pCR and pCR rates are shown in ▶ Table 2.
The pCR rates decreased with increasing tumor size, whereas ne-
gative hormonal receptor status, HER2 score of 3+ and higher
grading were associated with higher pCR rates. Treatment with
pertuzumab numerically increased the rate of pCR, however this
observation was not statistically significant.
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Analysis of cardial side effects
As displayed in ▶ Table 3, a drop in LVEF of more than 10 % was
observed in 5 patients (4.0%). Three of these (6.5%) were treated
with ABP 980 as compared to two patients (2.6 %) that were under
treatment with RTZ (p = 0.274). All patients developed their drop
of LVEF during neoadjuvant therapy, consisting of chemotherapy
and antibody treatment. Four of these patients were without clin-
ical impairment (two were treated with ABP 980, two with RTZ),
their adjuvant therapy with trastuzumab could be completed as
planned. During adjuvant treatment cardial function remained
stable or even improved.

One patient in the ABP 980 group developed a dilatative
cardiomyopathy, an adjuvant treatment with ABP 980 was not in-
itiated. Under pharmaceutical treatment the clinical condition was
stable.

Logistic regression model analysis
to identify predictors of pCR
A logistic regression model was used to examine whether the use
of ABP 980 impacts pCR. The first model that did not include the
type of trastuzumab treatment, was a significant improvement
over the constant-only model [χ2(7) = 23.496, p = 0.001], ex-
plained 23.9% (Nagelkerke R2) of the variance and correctly classi-
fied 68.0% of cases. The difference between actual and predicted
events was low (p = 0.892, Hosmer–Lemeshow test). Addition of
trastuzumab treatment (ABP 980 versus RTZ) did not significantly
improve the model χ2(1) = 0.343, p = 0.558. The area under the
ROC curve was 0.748 (95% CI: 0.660 to .838), indicating an excel-
lent level of discrimination [30]. As displayed in ▶ Table 4, signifi-
cant predictors of pCR were tumor size before NAT and hormonal
receptor status.

▶Table 2 Univariate analysis of pathologic complete response (pCR)
rates according to patient characteristics.

pCR no pCR P value

All Patients, N 77 (62.1) 47 (37.9)

Mean age, years (SD) 51.8 (9.7) 52.9 (8.8) 0.554

Tumor size, N (%) 0.051

▪ T1 20 (80.0)  5 (20.0)

▪ T2 48 (60.8) 31 (39.2)

▪ T3–4  9 (45.0) 11 (55.0)

Nodal involvement, N (%) 0.195

▪ pN− 37 (68.5) 17 (31.5)

▪ pN+ 40 (57.1) 30 (42.9)

Grading, N (%) 0.611

▪ G2 26 (65.0) 14 (35.0)

▪ G3 50 (60.2) 33 (39.8)

ER status, N (%) 0.005

▪ negative 41 (75.9) 13 (24.1)

▪ positive 36 (51.4) 34 (48.6)

PR status, N (%) 0.005

▪ negative 54 (72.0) 21 (28.0)

▪ positive 23 (46.9) 26 (53.1)

HR status, N (%) 0.002

▪ negative 41 (77.4) 12 (22.6)

▪ positive 36 (50.7) 35 (49.3)

HER2 status, N (%) 0.046

▪ Score 2+  9 (42.9) 12 (57.1)

▪ Score 3+ 68 (66.0) 35 (34.0)

Anthracyclines, N (%) 0.467

▪ no  8 (72.7)  3 (27.3)

▪ yes 69 (61.6) 43 (38.4)

Dual HER2 blockade, N (%) 0.215

▪ no 14 (51.9) 13 (48.1)

▪ yes 63 (64.9) 34 (35.1)

* chi-squared-test; pCR = pathologic complete response; ER = estrogen
receptor; PR = progesterone receptor

Matovina S et al. Comparison of Biosimilar ... Geburtsh Frauenheilk 2023; 83: 694–701 | © 2022. The Author(s).698

ABP 980

60.9%

RTZ

62.8%

p
C

R
(
%

)

100

80

60

40

20

0

▶ Fig. 1 Univariate analysis of pathological complete response
(pCR) rates after neoadjuvant therapy (NAT) in patients treated with
ABP 980 versus reference trastuzumab (RTZ). Error bars represent
95% confidence intervals. p = 0.829 (chi-squared-test).
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▶Table 3 Decrease of left ventricular ejection fraction under
therapy with ABP 980 compared with reference trastuzumab (RTZ).

ABP 980 RTZ total P value*

LVEF 0.279

▪ Stable 43 (93.5) 76 (97.4) 119 (95.9)

▪ Decrease
> 10%

 5 (6.5)  2 (2.6)   5 (4.1)

* chi-squared-test; LVEF = left ventricular ejection fraction; RTZ = refer-
ence trastuzumab

▶Table 4 Multivariate regression analysis of predictors of patholo-
gical complete response (pCR) after primary systemic therapy.

Predictor Coefficient
(SE)

Odds Ratio
(95% CI)

P
value

Tumor size before NAT
(per Stage*)

− 0.75 (0.36) 0.48 (0.24–0.96) 0.038

Nodal involvement
before NAT

▪ no 0 1

▪ yes − 0.81 (0.46) 0.45 (0.18–1.09) 0.077

Grading

▪ G2 0 1

▪ G3 − 0.53 (0.48) 0.59 (0.23–1.52) 0.273

Hormonal receptor
status

▪ positive 0 1

▪ negative 1.48 (0.48) 4.37 (1.72–11.13) 0.002

HER2 Status

▪ 2+ 0 1

▪ 3+ 0.82 (0.54) 2.27 (0.79–6.53) 0.130

Anthracycline
treatment

▪ no 0 1

▪ yes − 0.66 (0.82) 0.52 (0.10–2.56) 0.419

Pertuzumab
treatment

▪ no 0 1

▪ yes 1.00 (0.55) 2.71 (0.93–7.96) 0.069

Type of trastuzumab

▪ RZT 0 1

▪ ABP 980 − 0.28 (0.48) 0.76 (0.30–1.92) 0.558

* stage cT3 and cT4 were combined in one category; CI = confidence
interval; RZT = reference trastuzumab; SE = standard error

Discussion

ABP 980 is a biosimilar of trastuzumab that is, among other indica-
tions, approved for the treatment of early HER2-positive breast
cancer. Results of comparative physicochemical characterization
confirmed the structural and functional similarity between
ABP 980 and RTZ while pharmacokinetic similarity was demon-
strated in a phase I study [31]. The randomized double-blind
phase III LILAC trial found similar efficacy in terms of pCR-rates
when ABP 980 versus RTZ was administered in combination with
an anthracycline and taxane containing NAT to treat early HER2-
positive breast cancer [27]. Safety was assessed in the neoadjuvant
as well as in a subsequent adjuvant phase, and again no differ-
ences were seen. In the current study, we compared ABP 980 and
trastuzumab in a clinical real-world setting and confirmed the re-
sults of LILAC by showing equivalence in pCR rates and safety.

In LILAC, pCR rates of 48% and 41% were found for NAT con-
taining ABR 980 and RZT, respectively. The higher pCR rates of
61% and 63% we found can be explained by differences in patient
characteristics and treatment. Regarding the former a greater pro-
portion of patients were ER/PR negative, fewer patients were node
positive, and more patients had high-grade (G3) tumors in our
analysis as compared to LILAC. Regarding the latter, a large pro-
portion of our patients received dual anti-HER2 blockade with per-
tuzumab. Although we failed to show a significant difference be-
tween pCR rates in patients that were treated with or without per-
tuzumab our results are numerically in line with data from earlier
trials and real-world registries [14, 18, 32, 33]. A decline in LVEF of
> 10% was observed in 4% of our patients, with no differences be-
tween treatment groups. This is in line with other real-world data
but higher than in the LILAC study, in which 0.3–0.9% of patients
suffered a decrease in LVEF [27, 34].

Randomized clinical trials are designed to control variability
and to ensure the quality of the data they generate [35]. However,
because populations may differ from those in clinical practice in
terms of, for example, tumor characteristics, comorbidities, and
prior treatment, the data generated in a traditional clinical trial
may not reflect the real-world situation. Particularly, registration
studies of biosimilars only examine distinct clinical situations and
then transfer the results to additional indications [24]. Other bio-
similars of trastuzumab that have shown similar pCR rates as com-
pared to RZT in neoadjuvant treatment of early HER2-positive
breast cancer are SB3, CT-P6 and PF-05280014 [36, 37, 38]. MYL-
1401O and PF-05280014 were also assessed in metastatic breast
cancer, showing similar objective-response-rates as compared to
RZT [39, 40]. Of note, neither the neoadjuvant nor the metastatic
trials combined trastuzumab treatment with pertuzumab.

Due to the non-randomized use of ABP 980 und RTZ, our study
has several limitations. Both substances were used in a time-de-
pendent manner, and since RZT was used first and ABP 980 later,
the patient populations of the two comparison groups were not
homogeneous. Additionally, pertuzumab is increasingly used over
the last years and therefore more patients in the ABP 980 group
were additionally treated with pertuzumab. To address these lim-
itations, we performed a multivariate regression analysis of predic-
tors of pCR. After adjusting for potential confounders we still
found no difference regarding pCR in patients treated with
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ABP 980 as compared to RTZ. Although a nonsignificant result
does not rule out existing differences, the pCR rates we observed
are in line with those of recent data [18, 32]. In addition to the ex-
isting data from LILAC, this suggests that even with a larger sam-
ple size, it would have been unlikely to show a significant effect of
ABP 980 over RTZ on pCR [27]. Furthermore, the analysis of safety
may be biased by the fact that cardiac adverse events leading to
discontinuation of NAT during the first three cycles were not as-
sessed, as only patients who had received at least four cycles of
NATwere included in our retrospective analysis.

In conclusion we confirmed similarity of ABP 980 as compared
to RZT regarding efficacy and safety. The data supports findings
from previous equivalence studies in a real-world situation where
a large proportion of patients have also received pertuzumab
treatment. The admission of biosimilars increases the accessibility
to highly effective biologicals and offers additional therapeutical
options. Competition between different providers lower the costs
of the applied therapy for health care systems. Consequently, a
larger number of patients could benefit from a well-established,
effective therapy. Real-world data from routine clinical practice
should be collected and evaluated continuously to answer ques-
tions that have not yet been addressed or cannot be addressed in
clinical trials.
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