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ABSTRACT

Purpose Pertuzumab and T‑DM1 are two efficient anti-HER2

treatments for patients with HER2-positive advanced breast

cancer. While pertuzumab is usually given in first-line treat-

ment and T‑DM1 in second-line treatment, standard therapy

options seem to be exhausted up to now after the treatment

of patients with these two therapy options. Therefore, it is im-

portant to have data that describes the therapy situation and

prognosis after T‑DM1 treatment.

Methods The PRAEGNANT metastatic breast cancer registry

(NCT02338167) is a prospective registry for breast cancer pa-

tients with a focus on molecular biomarkers. Patients of all

therapy lines with any kind of treatment are eligible. Collected

data comprises therapies, adverse events, quality of life and

other patient reported outcomes. Here we report on the pa-

tient characteristics and descriptive prognostic data for HER2-

positive patients who have completed a treatment with

T‑DM1. Therapy patterns after T‑DM1 and progression-free

survival are reported as well as overall survival.

Results A total of 85 patients were identified for the study

who were prospectively observed during therapy after the ter-

mination of T‑DM1. The main reason for T‑DM1 termination

was progress. Following T‑DM1, lapatinib, trastuzumab and

chemotherapy were the main therapy choices. Median pro-

gression-free survival was 4.8 months (95% CI: 3.2–6.3) and

median overall survival was 18.4 months (95% CI: 15.5–21.3).

Conclusions Therapy options after T‑DM1 in a real-world set-

ting seem to exhibit a relevant clinical efficacy, supporting the

concept of continuous anti-HER2 treatments in the advanced

therapy setting for breast cancer patients. Novel therapies are

needed to improve the rather short median progression-free

survival.

ZUSAMMENFASSUNG

Ziel Pertuzumab und T‑DM1 sind 2 wirksame Anti-HER2-The-

rapien, die zur Behandlung von Patientinnen mit fortgeschrit-

tenem HER2-positiven Brustkrebs eingesetzt werden. Die Pri-

märtherapie besteht meist aus Pertuzumab und die Second-

Line-Therapie aus T‑DM1. Bisher waren die Standard-Behand-

lungsoptionen erschöpft, nachdem Patientinnen eine Be-

handlung mit diesen beiden Therapieoptionen erhalten hat-

ten. Das Sammeln von Daten über die Therapielandschaft

und zur Prognose nach Abschluss einer T‑DM1-Behandlung

ist daher wichtig.

Methoden Das PRAEGNANT-Brustkrebsregister von Frauen

mit metastasiertem Mammakarzinom (NCT02338167) ist ein

prospektives Register mit einem Schwerpunkt im Bereich mo-

lekularer Biomarker. Daten von Patientinnen über alle Thera-

pielinien hinweg sowie nach allen Behandlungsoptionen wer-

den ins Register aufgenommen. Die gesammelten Daten um-

fassen eingesetzte Therapien, unerwünschte Ereignisse, Le-

bensqualität sowie weitere Patient reported Outcomes. Wir

berichten hier über Patientinnenmerkmale und deskriptive

prognostische Daten von HER2-positiven Patientinnen nach

Abschluss einer Therapie mit T‑DM1. Therapieschemata nach

T‑DM1, progressionsfreies Überleben sowie Gesamtüber-

leben wurden untersucht.

Ergebnisse Es wurden ingesamt 85 Patientinnen für diese

Studie ermittelt, die während der Therapie nach Beendigung

der T‑DM1-Behandlung prospektiv observiert wurden. Der

Hauptgrund für die Beendigung der Therapie mit T‑DM1 war

das Fortschreiten der Erkrankung. Nach T‑DM1 waren Lapati-

nib, Trastuzumab und Chemotherapie die wichtigsten Thera-

pieoptionen. Das mittlere progressionsfreie Überleben war

4,8 Monate (95%-K: 3,2–6,3), und die durchschnittliche Ge-

samtüberlebenszeit betrug 18,4 Monate (95%-KI 15,5–21,3).

Schlussfolgerungen Die Behandungsoptionen nach T‑DM1

in der realen Welt zeigten eine klinisch relevante Effizienz

und stützten damit das Konzept einer fortlaufenden Anti-

HER2-Behandlung als fortgeschrittene Therapie zur Behand-

lung von Brustkrebspatientinnen mit progredienter Erkran-

kung. Neuartige Therapien werden benötigt, um die eher kur-

ze durchschnittliche progressionsfreie Überlebenszeit zu ver-

längern.
Introduction
Over the last few decades, the treatment of patients with HER2-
positive breast cancer (BC) has been highly dynamic. Since the dis-
covery that HER2-gene amplifications were associated with a
Laakmann E et al. Treatment Landscape and… Geburtsh Frauenheilk 2020; 80: 1134–1142 | ©
clearly unfavorable prognosis in patients with metastatic breast
cancer [1,2], the anti-HER2 antibody, trastuzumab, has not only
been introduced for the treatment of metastatic BC [3] but, be-
cause of its efficacy, has also been used in the adjuvant [4,5] and
neoadjuvant [6,7] treatment of BC patients. Subsequent improve-
11352020. The author(s).
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ments of anti-HER2 therapies, like the pertuzumab antibody, were
also first shown to be efficient in patients with metastatic breast
cancer [8] and were then quickly introduced to the neoadjuvant
[9–12] and adjuvant setting [13]. Recently, trastuzumab emtan-
sine (T‑DM1), which has shown an improved disease-free and over-
all survival rate in patients with metastatic BC [14], has also been
shown to improve invasive disease-free survival in patients who did
not respond with a pathological complete response (pCR) after a
standard neoadjuvant treatment with trastuzumab and chemo-
therapy [15]. However, the rapid sequence of these studies in the
metastatic and adjuvant setting presents some challenges con-
cerning the planning of therapies. Up to now, the most frequently
used therapy sequence in the metastatic setting is the combina-
tion of pertuzumab and trastuzumab in first-line treatment and,
subsequently, T‑DM1 therapy in second-line treatment [16]. While
this was reflected in the design of the CLEOPATRA and EMILIA stud-
ies, patients taking part in EMILIA received T‑DM1 without prior
treatment with pertuzumab [14]. However, there is some evidence
that patients in this therapy sequence still gain reasonable clinical
benefits from T‑DM1 treatment after pertuzumab [17–19].

With novel developments and increasing use of pertuzumab
and T‑DM1 in the curative setting, these scenarios will be chang-
ing again. Therefore, it is becoming increasingly important to
learn about therapy patterns after the most recently approved
therapy regimens and to assess their efficacy and safety. Two nov-
el substances (tucatinib and trastuzumab-deruxtecan) have also
shown very promising activity in patients with heavily pretreated
HER2-positive advanced BC [20,21] and have been approved in
the U.S. All the patients had been previously treated with T‑DM1.

This analysis will focus on the patient population after treat-
ment with T‑DM1 in the metastatic setting before tucatinib and
trastuzumab-deruxtecan became available and will present data
from a real-world registry. There is very limited data on this pa-
tient population. In a case study of 20 metastatic BC patients
who stopped T‑DM1 treatment without previous pertuzumab
treatment, 15 received a subsequent therapy, which was either
trastuzumab/lapatinib-based or without anti-HER2 treatment
[22]. The authors conclude that a continued anti-HER2 treatment
is beneficial for patients in this therapy situation, supporting the
concept that a HER2 blockade regimen should be continued be-
yond progression [23].

The aim of this study is to describe the therapy patterns after a
treatment with T‑DM1 in a real-world registry of advanced BC pa-
tients to give an insight into the prognosis of this patient popula-
tion.
Patients and Methods

The PRAEGNANT research network

The PRAEGNANT study (Prospective Academic Translational Re-
search Network for the Optimization of the Oncological Health
Care Quality in the Adjuvant and Advanced/Metastatic Setting,
NCT02338167 [24]) is an ongoing, prospective BC registry with
documentation similar to a clinical trial. The aims of PRAEGNANT
are to assess treatment patterns and the quality of life and to
identify patients who might be eligible for clinical trials or specific
1136 Laakmann E et al. Treatm
targeted treatments [24–27]. Patients can be included at any
time point during the course of their disease. All patients provide
informed consent, and the studies are approved by the respective
ethics committees.

Patients

A total of 2932 patients with advanced or metastatic BC were reg-
istered on the PRAEGNANT study between July 2014 and January
2019 at 52 study sites. Patients were excluded in the following
hierarchical order: patients with an unknown or negative HER2
status (n = 2232), patients with an unknown first-metastasis date,
those with an unknown date of birth, male patients and patients
with no documented therapies (n = 46). This left 654 patients with
confirmed HER2-positive advanced BC. Of those, 221 were docu-
mented to have been treated with T‑DM1, of which 158 patients
had an end of therapy documented. The next therapy line was
documented in 123 patients. For prospective evaluation, 85 pa-
tients were available. Prospective in this context implies that the
first therapy after T‑DM1must not have started later than 90 days
before study inclusion and some follow-up information needed to
be available. The patient flow chart is shown in ▶ Fig. 1.

Data collection

The data was collected by trained staff and documents were
transferred into an electronic case report form [24]. Data was
monitored using automated plausibility checks and on-site moni-
toring. Data not usually documented as part of routine clinical
work was collected prospectively using structured paper ques-
tionnaires. This data was comprised of epidemiological data, such
as family history, cancer risk factors, quality of life, nutrition and
lifestyle and psychological health. Supplementary Table S1 pro-
vides an overview of the collected data.

Definition of hormone receptor, HER2 status,
and grading

The definition of the status and grading of the HER2 hormone re-
ceptors has been described before [25]. Briefly, data about the es-
trogen receptor (ER) status, progesterone receptor (PR) status
and HER2 status and grading was requested for the documenta-
tion of each tumor that had been biopsied. Therefore, there could
be several sources of data – right breast, left breast, local recur-
rence or metastatic site. The biomarker status for ER, PR and
HER2 was determined as follows. If a biomarker assessment of
the metastatic site was available, this receptor status was taken
for this analysis. If there was no information from metastases,
the latest biomarker results from the primary tumor were taken.
Additionally, all patients who had ever been treated with an ET
were assumed to be HR positive and all patients who had ever
been treated with an anti-HER2 therapy were assumed to be
HER2 positive. There was no central review of biomarkers. The
study protocol recommended that the ER and PR status be as-
sessed as positive if ≥ 1% of them were stained. A positive HER2
status required an IHC score of 3+ or a positive FISH/CISH.

Statistical analysis

The primary aim was to describe the patient cohort that started a
treatment after T‑DM1. Patient and tumor characteristics as well
ent Landscape and… Geburtsh Frauenheilk 2020; 80: 1134–1142 | © 2020. The author(s).



Identifying patients who ever received T-DM1221

Identifying patients with documented end of T-DM1 therapy158

Identifying patients with a documented next therapy line123

Identifying patients who have had a therapy following T-DM1

documented prospectively and with available follow-up information

85

Identifying patients with

positive HER2 status

700

Identifying patients with

positive HER2 status

654

Excluding

513 HR positive

482 HR positive

108 patients with unknown

date of first metastasis or

unknown year of birth

26 male patients

23 patients with no

documented therapies

165 HR negative

153 HR negative

22 HR unknown

19 HR unknown

249 TNBC patients through-

out the documentation

269 TNBC patients through-

out the documentation

1424 HR positive,

HER2 negative patients

1515 HR positive,

HER2 negative patients

1784 patients with complete

information on HR and HER2

2125 patients with known

HR status

2232 patients with HER2

negative or HER2 unknown

2932 patients register with

the PRAEGNANT Registry

until January 27, 2019

Excluding patients

with unknown HER2 negativity

341

Excluding patients

with unknown hormone

receptor status

107

▶ Fig. 1 Patient flow chart and patient selection.
as previous and subsequent therapies were described with ade-
quate descriptive methods.

In an exploratory analysis, progression-free survival (PFS) was
assessed in relation to commonly known prognostic factors. PFS
was defined as the period from the start of the treatment to the
earliest disease progression (distant metastasis, local recurrence
or death from any cause) or the last progression-free time point.
Median survival times and survival rates were estimated for the
total cohort as well as for subgroups using the Kaplan–Meier
product limit method.

Similar analyses were performed for overall survival.
Calculations were performed using IBM SPSS software, version

24 (Armonk, New York, USA).
Laakmann E et al. Treatment Landscape and… Geburtsh Frauenheilk 2020; 80: 1134–1142 | ©
Results

Patient and disease characteristics

A total of 85 patients who had had at least one documented ther-
apy after a T‑DM1 therapy were identified for this analysis
(▶ Fig. 1). Patients were, on average, 57 years old and the time
from the first diagnosis to the occurrence of metastases was, on
average, 35 months. 40% of the patients (n = 34) had metastases
at the time of diagnosis. A total of 33 patients (38.8%) had brain
metastases and 45.9% (n = 39) had visceral metastases. Complete
patient and disease characteristics are shown in ▶ Table 1.
11372020. The author(s).



▶ Table 1 Patient characteristics.

Characteristic n or mean % or SD

Age at study entry (years) 56.9 12.8

BMI (kg/m2) 25.7  4.9

Time from diagnosis
to metastases (months)

34.9 46.5

Grading

▪ 1 or 2 34 42.5

▪ 3 46 57.5

▪ Unknown  5

HR status

▪ Negative 25 30.9

▪ Positive 56 69.1

▪ Unknown  4

ECOG

▪ 0 39 48.8

▪ 1 34 42.5

▪ 2  5  6.3

▪ 3  1  1.3

▪ 4  1  1.3

▪ Unknown  5

Metastasis site at study entry

▪ Brain* 33 38.8

▪ Visceral** 39 45.9

▪ Bone only  4  4.7

▪ Other***  9 10.6

Metastasized at time of diagnosis

▪ No 51 60.0

▪ Yes 34 40.0

* Patients in the “brain” category were allowed to have metastases
at any other site.

** Patients were allowed to have metastases at any other site except
the brain.

*** Patients were not allowed any brain, visceral or bonemetastases.

▶ Table 2 Treatment characteristics of T‑DM1 treatment.

Characteristic n or median % or IQR

Duration of T‑DM1 treatment
(years and Interquartile range)

 7.8  5.4–10.3

Therapy line T‑DM1 given

▪ 1  9 10.6

▪ 2 34 40.0

▪ 3 23 27.1

▪ 4 or higher 19 22.4

Previous HER2-treatment
before T‑DM1*

▪ PTZ/TZM 48 56.5

▪ TZM 29 34.1

▪ Lapatinib  9 10.6

▪ Lapatinib/TZM  5  5.9

▪ Any HER2 74 87.1

Reason for T‑DM1 termination

▪ Planned cycles completed  3  3.5

▪ Toxicity  4  4.7

▪ Patientʼs wish  3  3.5

▪ Progress 72 84.7

▪ Unknown  3  3.5

* Multiple choices possible.

▶ Table 3 Treatments reported for the therapy line directly after
termination of T‑DM1. This information was reported for all 85 pa-
tients.

Therapy Frequency %

LAP/Chemo 21 24.7

TZM/Chemo 17 20.0

Chemo 10 11.8

PTZ/TZM/Chemo 10 11.8

LAP/TZM  6  7.1

TZM  4  4.7

Clinical trial  4  4.7

AH  3  3.5

Unknown  3  3.5

LAP/AH  1  1.2

LAP/TZM/Chemo  1  1.2

PTZ/TZM  1  1.2

TDM1/PTZ  1  1.2

TDM1/PTZ/Chemo  1  1.2

TDM1/PTZ/TZM/Chemo  1  1.2

TZM/AH  1  1.2

LAP: lapatibib; TZM: trastuzumab; PTZ: pertuzumab;
AH: anti-hormone therapy

GebFra Science |Original Article
The majority of the patients had received T‑DM1 in therapy
lines two and three with 40% of the patients (n = 34) treated in
the second line and 27.1% (n = 23) treated in the third line. The
vast majority of patients had received a previous anti-HER2 treat-
ment in the metastatic setting (n = 74, 87.1%), with the patients
who had received first-line T‑DM1 (n = 9) forming the majority of
those who had not received any previous anti-HER2 treatment.
The median duration of T‑DM1 treatment was 7.8 months and
disease progression was the main reason for treatment termina-
tion in 84.5% (n = 72) of cases. The treatment characteristics are
summarized in ▶ Table 2.

The treatments documented after T‑DM1 termination showed
broad variability. In the first line of therapy after T‑DM1, most pa-
tients were treated with lapatinib and chemotherapy (n = 21,
24.7%). However, trastuzumab and chemotherapy and chemo-
therapy without an anti-HER2 treatment were seen in 20.0%
1138 Laakmann E et al. Treatment Landscape and… Geburtsh Frauenheilk 2020; 80: 1134–1142 | © 2020. The author(s).
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▶ Fig. 2 Progression-free survival according to therapy line after
T‑DM1 treatment. Median progression-free survival time for pa-
tients up to the 3rd therapy line is 6.1 months (95% CI: 4.5–7.8)
and for patients treated in the 4th or subsequent therapy lines was
3.7 months (95% CI: 2.5–4.9).
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▶ Fig. 3 Progression-free survival according to hormone receptor
status. Median progression-free survival time for hormone receptor
positive patients is 5.1 months (95% CI: 4.1–6.0) and for hormone
receptor negative patients 3.5 months (95% CI: 1.2–5.8).
(n = 17) and 11.8% (n = 10) of cases, respectively. The dual block-
ade with pertuzumab, trastuzumab and chemotherapy was also
seen in 10 cases (11.8%). All documented therapies in the first line
after T‑DM1 are shown in ▶ Table 3. In both the second and third
line after T‑DM1, chemotherapies without anti-HER2 treatments
were the most frequently given therapy (▶ Tables 4 and 5). How-
ever, a broad variability of anti-HER2 treatments were given as
well. Only four, six and two patients from the first, second and
▶ Table 4 Treatments reported for the therapy line two lines
after termination of T‑DM1. This information was reported for
50 patients.

Therapy Frequency %

Chemo 17 34.0

LAP/Chemo  7 14.0

PTZ/TZM/Chemo  5 10.0

TZM/Chemo  4  8.0

AH  3  6.0

AH and CDK4/6i  3  6.0

LAP  2  4.0

LAP/TZM  2  4.0

LAP/TZM/Chemo  2  4.0

Clinical Trial  2  4.0

BEV/Chemo  1  2.0

TZM  1  2.0

TZM/AH  1  2.0

LAP: lapatibib; TZM: trastuzumab; PTZ: pertuzumab;
AH: anti-hormone therapy

Laakmann E et al. Treatment Landscape and… Geburtsh Frauenheilk 2020; 80: 1134–1142 | ©
third line, respectively, were treated with some kind of anti-endo-
crine treatment after T‑DM1. Interestingly, in some cases, a com-
bination therapy with CDK4/6 inhibitors was performed.

The median PFS for the total cohort was 4.8 months (95% CI:
3.2–6.3) (Supplementary Fig. S1). Kaplan–Meier curves for PFS
according to the therapy line and hormone receptor status are
shown in ▶ Figs. 2 and 3.
▶ Table 5 Treatments reported for the therapy line three lines
after termination of T‑DM1. This information was reported for
15 patients.

Therapy Frequency %

Chemo 6 40.0

TZM/Chemo 3 20.0

AH 1  6.7

LAP 1  6.7

LAP/TZM/AH 1  6.7

PTZ 1  6.7

T‑DM1 1  6.7

TZM/AH 1  6.7

LAP: lapatibib; TZM: trastuzumab; PTZ: pertuzumab;
AH: anti-hormone therapy

11392020. The author(s).
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▶ Fig. 4 Progression-free survival according to therapy line after
T‑DM1 treatment. Median overall survival time for patients up to
the 3rd therapy line is 22.3 months (95% CI: 13.7–31.0) and for
patients treated in the 4th or subsequent therapy lines was
14.1 months (95% CI: 9.1–19.1).
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▶ Fig. 5 Overall survival according to hormone receptor status.
Median overall survival time for hormone receptor positive patients
is 18.4 months (95% CI: 16.1–20.6) and for hormone receptor
negative patients 11.7 months (95% CI: 5.3–18.1).
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Median overall survival time was 18.4 months (95% CI: 15.5–
21.3) (Supplementary Fig. S2). The Kaplan–Meier curves accord-
ing to the therapy line and hormone receptor status are shown in
▶ Figs. 4 and 5.
Discussion
We have shown that most patients received a subsequent anti-
HER2 therapy after a T‑DM1 therapy. The median PFS of patients
treated after a previous treatment with T‑DM1 was about five
months and overall survival was about 18 months. The chosen
treatments varied from lapatinib-based therapies to chemothera-
pies without anti-HER2 treatment. Anti-hormone therapies did
not seem to play a major role in the heavily pre-treated HER2-pos-
itive advanced BC patients.

There is limited evidence from similar studies. A case study
with 15 patients who were treated with T‑DM1 before pertuzu-
mab was available reported a reasonable therapy efficacy with a
median therapy duration of 5.5 to 6.4 months [22]. This is similar
to our study, although the patients in this analysis were treated
with pertuzumab and trastuzumab before T‑DM1 in more than
50% of cases. In the previously published study, the authors con-
cluded from the partial response rate of 33% (five out of 15 pa-
tients) and the duration of the therapy, that a previous treatment
with T‑DM1 did not exhaust the potential of subsequent anti-
HER2 therapies [22]. The concept of a continuous anti-HER2 treat-
ment regardless of therapy progression has already been previ-
ously addressed without novel therapies. The “treatment-be-
yond-progression” trial compared the continuation of a treatment
with trastuzumab and one with a changed chemotherapy combi-
nation partner. This early study has proven the concept that anti-
HER2 therapies should be continued after progression [23].
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With novel anti-HER2 therapies that at least in part address
several resistance mechanisms, there is an even greater chance
that the continuation of an anti-HER2 treatment after progression
results in a clinically relevant therapy efficacy. For example, Nera-
tinib, another tyrosine kinase inhibitor, has been approved for the
adjuvant treatment of patients with HER2-positive early BC for an
extended adjuvant therapy and has also been approved in the U.S.
for metastatic BC [28,29]. Afatinib, however, did not show any im-
provement in the outcomes for patients with metastatic BC com-
pared to trastuzumab [30]. Margetuximab has now made a third
novel HER2 antibody available that appears to enhance antibody-
dependent cellular toxicity (ADCC) while at the same time being
well tolerated [31]. Its efficacy and safety are currently being in-
vestigated in the phase III SOPHIA trial in patients with HER2-pos-
itive metastatic BC who have previously been treated with trastuz-
umab, pertuzumab, and T‑DM1 [32]. The HER2CLIMB and DESTI-
NY‑B01 studies have investigated the specific patient population
of HER2-positive advanced BC patients who had previously been
treated with T‑DM1 [20,21]. In a large early phase study, trastuz-
umab deruxtecan demonstrated a PFS of 16.4 months (95% CI,
12.7–not reached) [21]. Tucatinib, in combination with trastuzu-
mab and capecitabine, achieved an improvement in PFS
(+ 2.2 months) and overall survival (+ 4.5 months) compared to
trastuzumab and capecitabine alone [20]. This effect was also
seen in patients with brain metastases [33].

Interestingly, in our study, only a minority of patients had been
treated with a combination of hormone therapies and anti-HER2
treatments. However, there is data from several studies that the
combination of aromatase inhibitors with trastuzumab, for exam-
ple, represents an efficient combination therapy for patients with
HER2-positive hormone receptor positive BC [34,35]. According
to national and international guidelines, the combination of anti-
hormone therapy and anti-HER2 agents is also considered reason-
ent Landscape and… Geburtsh Frauenheilk 2020; 80: 1134–1142 | © 2020. The author(s).



able after the exhaustion of all standard treatments [36,37].
Therefore, the low utilization of these efficient therapies with a fa-
vorable toxicity profile cannot be explained and treating physi-
cians should be aware of these therapy options for patients who
have already been treated with trastuzumab, pertuzumab and
T‑DM1.

With only 85 patients, this study has clear limitations; however,
to our knowledge, no larger cohort of patients in this therapy sit-
uation has yet been described. Furthermore, the 85 patients se-
lected for observation from the beginning of therapy restricted
the study population further, but this emphasizes the value of ex-
tended prospective observation times. The patient population
was identified from a real-world registry, which might mean that
this population is different to the ones in clinical trials. The data
might therefore not be directly comparable with previously pub-
lished data from clinical trials.

In conclusion, our study adds to the evidence that the continu-
ation of anti-HER2 treatments even after T‑DM1 in a population
that has also been pretreated to a high degree with pertuzumab
is associated with a reasonable clinical efficacy. PFS in this popula-
tion is low with a median of five months. Recent clinical trials that
address specific resistance mechanisms have shown successful
prognostic improvements, suggesting the need for further trials
to be conducted in this population with patients who have a high
likelihood of benefitting from further anti-HER2 treatments.
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