
ORIGINAL ARTICLE

A nationwide observational study in heavily pretreated metastatic HER2-positive
breast cancer patients

Asbjørn Duea , Tobias Berga,b , Maj-Britt Jensena, Sophie Yammenic, Lone Volmerd,
Anne Sofie Brems-Eskildsene, Klaus Kaae Andersenf, Saeeda Ranag, Ann Knoopb and Iben K€umlerh

aDanish Breast Cancer Group, Rigshospitalet, Copenhagen University Hospital, Copenhagen, Denmark; bDepartment of Oncology,
Rigshospitalet, Copenhagen University Hospital, Copenhagen, Denmark; cDepartment of Oncology, Aalborg University Hospital, Aalborg,
Denmark; dDepartment of Oncology, Sygehus Lillebælt Syddansk Universitets Hospital, Vejle Sygehus, Denmark; eDepartment of Oncology,
Aarhus Universitet Hospital, Aarhus, Denmark; fAstraZeneca Nordic, Copenhagen, Denmark; gDaiichi-Sankyo Nordics ApS, Munchen,
Denmark; hDepartment of Oncology, Herlev Hospital, Copenhagen University Hospital, Herlev, Denmark

ABSTRACT
Background: Current guidelines in HER2-positive metastatic breast cancer (mBC) recommend the
combination of trastuzumab and a chemotherapeutic agent for 3rd line or later treatments. This study
aims to describe the treatment of HER2-positive mBC in 3rd line or later after previous treatment with
T-DM1 for mBC in a real-world setting.
Material and methods: This observational population-based study included all women diagnosed
with HER2-positive mBC in Denmark, previously treated with T-DM1 in the metastatic setting. Patients
were included on the date of progression leading to initiation of 3rd line treatment if the patient had
received T-DM1 in 1st or 2nd line. If the patient received T-DM1 in 3rd line or later the inclusion was
based on the date of progression on T-DM1. The primary end points were overall survival (OS) and
progression-free survival (PFS).
Results: The study included 272 women with a mean age of 59 (27–86) and a median of 3 (2–11)
treatment lines prior to inclusion. At index, all patients had received T-DM1 and 167 (62%) patients
had received pertuzumab in the metastatic setting. During follow-up 183 patients received chemother-
apy. Of these patients, 120 received chemotherapy combined with trastuzumab, 50 received chemo-
therapy combined with other HER2-targeted therapy, and 13 received chemotherapy as monotherapy.
The remaining 89 patients received either HER2-targeted monotherapy (41), endocrine therapy (31),
experimental treatment (10), or no treatment (7). Median PFS was 5.5months (95% CI, 4.8–6.5) and
median OS was 18.5months (95% CI, 16.2–21.3).
Conclusion: In this real-world study, we found that patients were treated with a wide variety of anti-
cancer agents with modest efficacy. However, patients in this study did not have access to newer
therapies like tucatinib and T-DXd.
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Introduction

Approximately 20% of women diagnosed with breast cancer
show an overexpression or amplification of Human epidermal
growth factor receptor 2 (HER2) [1,2]. HER2-positive breast
cancer has historically been associated with an aggressive
course, a high recurrence rate, and a disposition for brain
metastases [3]. HER2-positive mBC is associated with an
increased risk of developing metastases in the central ner-
vous system (CNS). Previous reports have shown that up to
50% of patients with HER2-positive mBC develop brain meta-
stases during the course of their disease with a median time
from diagnosis to development of CNS metastases of
76.2months [3]. Patients with CNS metastases have been
shown to have a lower median OS than patients without
CNS metastases (20.8 vs 46.7months) [3].

New anti-HER2 targeted therapies have improved clinical
outcome and prolonged survival, with dual blockade

(trastuzumab, pertuzumab) plus a taxane being the standard
1st line treatment and trastuzumab emtansine (T-DM1) being
the standard 2nd line treatment. After receiving 1st and 2nd
line treatment for HER2-positive metastatic breast cancer
(mBC) there is currently no standard treatment for 3rd line.
Danish guidelines recommend continued HER2-targeted ther-
apy (often trastuzumab) combined with chemotherapy. Thus,
the chosen chemotherapeutic agent should be individualized
and based on toxicity and patient preferences.

Commonly used 3rd line therapies include trastuzumab
combined with capecitabine and lapatinib combined with
trastuzumab. These regimens have shown response rates
between 10% to 22% in later lines of treatment [4,5]. The
low response rate in subsequent treatment lines highlights
an unmet need for new treatment options for patients with
disease progression following the failure of the dual block-
ade and T-DM1. Currently, no standard of care treatment in
the 3rd line exists, but results from trials with trastuzumab
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deruxtecan (DESTINY-Breast01 and DESTINY-Breast03), tucati-
nib (HER2CLIMB) and neratinib (NALA) have been promising
[6–9]).

To our knowledge, no real-world, nationwide study has
described how patients are treated in 3rd line or later in the
metastatic setting for HER2-positive breast cancer.
Furthermore, there is a lack of evidence describing outcomes
for different treatment modalities in a nationwide popula-
tion. This Danish observational retrospective real-world study
was conducted to describe patient characteristics, treatment
patterns, and outcomes for patients in 3rd line or later in
HER2-positive mBC. As the landscape of treatment for HER2-
positive mBC is changing rapidly this study provides a clear
view of the effect of present and older treatment modalities
for HER2-positive mBC. Knowledge of the treatment patterns
used by physicians and the efficacy of these treatments are
essential for evaluating new treatment options in the future.
Both economic and efficacy analyses depend on this kind of
real-world data when considering the implementation of
new and often very expensive treatments.

Methods

Study design

The study is observational, nation-wide, and population-
based. The data collection is retrospective and thus non-
interventional including all departments of oncology in
Denmark utilizing the Danish Breast Cancer Group (DBCG)
database.

Patient selection criteria and population
All included patients were diagnosed with HER2-positive
metastatic breast cancer and were previously treated with T-
DM1 in the metastatic setting. The patients were treated in
3rd line or later in the metastatic setting with an index date
between January 1st, 2014 to December 31st, 2019. The
index date is the progression date leading to subsequent ini-
tiation of 3rd-line treatment if the patient received T-DM1 in
1st or 2nd line. If the patient received T-DM1 in 3rd line or
later the index date was the date of progression on T-DM1.

Data source
The nationwide, population-based clinical DBCG database
used in this study includes data on demographics, diagnosis,
treatment patterns, pathology, and follow-up. Prospectively
collected data from clinical practice concerning primary diag-
nosis and treatment was extracted. Retrospectively collected
data concerning metastatic disease included date of disease
progression, location of metastases, treatment modalities
with start and end date, and reason for discontinuation.

Objectives

The study objectives were to describe characteristics at the
index and according to the presence of CNS metastases.

Further, to describe treatment patterns from the index
date, with the six most used treatments in the line following
inclusion and a 7th category for all other treatment modal-
ities being reported. Finally, to describe clinical outcomes
progression-free survival (PFS), time on treatment (ToT), and
overall survival (OS), per treatment line and per treatment
modality, all stratified by the presence CNS metastases.

End points

The primary endpoints were OS and PFS. The time scale
defining the risk set was time since the index date and end
of follow-up was March 1st, 2021. No patients were lost to
follow-up

OS was estimated from the index date until death from
any cause or end of follow-up, whichever occurred first. For
the specific treatment lines, OS was estimated from the start
date of the treatment line.

PFS was estimated from the index date until progression,
death of any cause, or end of follow-up, whichever occurred
first. For specific treatment lines, PFS was estimated from the
start date of the specific line.

ToT was estimated from initiation of the first treatment
after the index until termination of the last (in case of regi-
mens containing two or more compounds), with death as a
competing event. For the specific treatment lines, ToT was
estimated within the specific line.

Statistical analysis

All statistical analyses were done according to a pre-specified
statistical analysis plan

Continuous variables were described by means and
ranges and categorical variables by counts and proportions.
To test for differences between stratified groups at index, an
unpaired t-test was used for continuous variables (age), a
chi2-test was used for categorical variables, and Fischer’s
exact test was used for categorical variables with small cell
counts. OS and PFS were estimated using the Kaplan–Meier
method including 95% confidence intervals and the log-rank
test was used to test for differences between the stratified
groups. ToT was estimated by the cumulative incidence func-
tion accounting for death as a competing risk and a Gray K-
Sample test was used to test for differences between the
stratified groups.

Clinical outcomes (PFS, OS, ToT) were assessed overall,
per treatment line and per treatment modality, stratified by
the presence of CNS metastases. All tests applied a signifi-
cance level of 0.05. All statistical analyses were performed
using SAS Enterprise Guide v. 7.15 (SAS Institute, Inc, Cary,
NC) and RStudio Version 1.2.1335 (RStudio, Inc., Boston, MA).

Approvals

The study is register-based and does not involve contact
with patients. By Danish law, no ethical board approval is
required for this type of study. The study was approved in
the DBCG’s scientific committee for medical oncology. The
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study was registered and approved by the Capital Regions
research overview (P-2020-1124).

Results

Study population

From January 1st, 2014 to December 31st, 2019, 272 women
initiated 3rd line or later treatment for HER2-positive mBC fol-
lowing treatment with T-DM1 in the metastatic setting
(Figure 1). Patient characteristics and demographics are given
in Table 1.

The mean age at inclusion was 59 years. Patients with
CNS metastases were significantly younger with a mean age
of 54 years whereas patients without CNS metastases had a
mean age of 62 (p< .0001, Table 1). At index, visceral meta-
stases were present in 227 (83%) patients. 77 (28%) patients
had CNS metastases with 11 (4%) patients having CNS meta-
stases as the only site. Of 272 patients 71 (26%) were diag-
nosed with primary metastatic breast cancer. At index 194
patients had 3 or more metastatic sites. The population with
CNS metastases had significantly more metastatic sites
(p¼ .001, Table 1). The median number of treatment lines
received at the index was 3 (range 2–11).

Treatment

Prior to inclusion, all patients received T-DM1 in the meta-
static setting with 5 (2%) patients receiving T-DM1 in 1st
line, 125 (46%) in 2nd line, 52 (19%) in 3rd line, 43 (16%) in
4th line and the remaining 47 (17%) in the 5th to 11th line.
Of the 272 included patients, 167 (61%) were treated with
pertuzumab and 269 (99%) with trastuzumab. The popula-
tion with CNS metastases at index were treated more often
with other anti-HER2 (p¼ .04, Table 1), than the population
without CNS metastases.

In the line following inclusion 43 (16%) patients received
capecitabine combined with trastuzumab, 32 (12%) received

a taxane combined with trastuzumab, 26 (10%) received
capecitabine combined with lapatinib, 23 (8%) received T-
DM1 again due to progression caused by CNS metastases
but with continued systemic response to T-DM1 treatment,
21 (8%) received eribulin combined with trastuzumab, 21
(8%) received experimental treatment and 106 (38%)
received 36 different treatment combinations (Table 2).
Across all lines, 159 (58%) patients discontinued treatment
due to progression or adverse events, and 77 (28%) patients
died while on treatment.

The median time on treatment across all lines and all
treatment modalities, with death as a competing risk, was
28.5months (95% CI, 25.3–34.5) for the group without CNS
metastases at index and 21.5months (95% CI, 12.1–59.4) for
the group with CNS metastases at index (Figure 2(A)). Of the
272 patients included in this study, 159 discontinued their
treatment. 77 patients experienced death as a competing
event before discontinuing treatment.

Overall survival and progression-free survival

From inclusion until the end of follow-up, 210 patients died
and 251 experienced a progression or death as the first
event. Median OS across the entire population was
18.5months (95% CI, 16.2–21.3). Figure 2(B) shows that
patients with CNS metastases at index had a significantly
worse outcome compared to patients without CNS metasta-
ses at index, with a median OS of 13.5months (95% CI, 8.6–
17.8) compared to 21.4months (95% CI 18.6–25.8) (p< .001).

Across the entire population, the median PFS in the 1st
line following inclusion was 5.5months (95% CI, 4.8–6.5). The
median PFS was 6.0months (95% CI, 5.2–8.0) for patients
without CNS metastases at index and 4.3 (95% CI, 3.5–6.3)
for patients with CNS metastases at index showing a signifi-
cantly worse outcome for patients with CNS metastases at
index (p< .001, Figure 2(C)).

mBC: metastatic breast cancer, DBCG: Danish breast cancer group 

Patients receiving T-DM1 for their mBC in the 

DBCG database (n=494) 

Excluded patients (n= 222) 
142 had no progression on T-DM1  

56 started T-DM1 treatment after 2019 

16 had progression on T-DM1 after 2019 

6 had progression on T-DM1 before 2014 

1 had local recurrence 

1 received treatment outside Denmark 

Eligible patients (n=272) 

Figure 1. Flow diagram of patient population describing number of patients and reason for exclusion.
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Discussion

In this real-world study, we included all registered patients
with HER2-positive metastatic breast cancer between 2014
through 2019 who were previously treated with T-DM1 and
received 3 or more lines in the metastatic setting. Across the
total population, the median PFS was 5.5months with the
median OS being 18.5months and 28% of the patients had
CNS metastases. For patients with CNS metastases at index
the median PFS was 4.3 (95% CI, 3.5–6.3) and without
6.0months (95% CI, 5.2–8.0) with median OS being
13.5months (95% CI, 8.6–17.8) and 21.4months (95% CI
18.6–25.8) (p< .001), respectively. In Denmark, the standard
treatment of HER2-positive metastatic breast cancer is dual
blockade with trastuzumab and pertuzumab accompanied by
vinorelbine in 1st line followed by TDM-1 in 2nd line (DBCG

guidelines). To our knowledge, no nation-wide real-world
data on post-T-DM1 treatment in the metastatic setting has
been published.

HER2-positive mBC is, as aforementioned, associated with
the development of CNS metastases, none of the standard
treatments used during the inclusion period have shown
noticeable results in treating CNS metastases. New treat-
ments that can treat CNS disease are needed and several of
the new drugs have shown promising results [7].

In our study, the 3rd most used treatment modality in the
line subsequent to inclusion was lapatinib combined with
chemotherapy. A phase III, randomized study examined lapati-
nib combined with capecitabine in pretreated HER2-positive
mBC patients. The median PFS was 8.4months for the 163
patients in the group receiving lapatinib combined with capeci-
tabine and 4.1months for the group receiving capecitabine as

Table 1. Baseline characteristics at index stratified by presence of CNS metastases.

Study population N¼ 272 CNSþ N¼ 77 (28%) CNS� N¼ 195 (72%) p-value

Age (years)
Mean age (min–max) 59 (27–86) 54 (33–78) 62 (27–86) <.0001

Sites of cancer
Visceral 227 77 (100) 150 (77)
CNS as only visceral 11 (14)

Non-visceral 45 0 45 (33)
Disease presentation .37

Primary metastatic BC 71 23 (30) 48 (25)
Recurrence 201 54 (70) 147 (75)

Number of sites .001
1 26 2 (3) 24 (12)
2 52 8 (10) 44 (23)
3þ 194 67 (87) 127 (65)

HER2 status .21
Biopsy metastasis 224 67 (87) 157 (80)
Biopsy primary tumor 48 10 (13) 38 (20)

IHC .002
ISH 2þ 71 8 (10) 63 (32)
IHC 3þ 201 69 (90) 132 (68)

ER status .88
Positive 168 47 (61) 121 (62)
Negative 104 30 (39) 74 (38)

Prior treatment
T-DM1 272
Pertuzumab 167 44 (57) 123 (63) .37
Trastuzumab 269 76 (99) 193 (99) 1.00
Other anti-HER2 44 18 (23) 26 (13) .04
Taxanes 99 30 (39) 69 (35) .58
Hormone 98 28 (36) 70 (36) .94

Other systemic 268 76 (99) 192 (98) 1.00
Number of lines received for mBC
Median (min–max) 3 (2–11) 3 (2–9) 2 (2–11)

CNSþ: CNS metastases at index; CNS�: No CNS metastases at index; BC: Breast Cancer; HER2: human epidermal growth factor receptor 2; IHC:
Immunohistochemistry; IHC3þ: Immunohistochemistry positive; ISH2þ: in situ hybridization positive; ER: Estrogen receptor; Other anti-HER2:
other anti-HER2 drug such as lapatinib; Taxanes: Paclitaxel, Docetaxel; Other Systemic: A variety of different chemotherapy.

Table 2. Number of patients per treatment modality in line one to six after inclusion.

Line following index 1st 2nd 3rd 4th 5th 6th

Total no. patients 272 (%) 196 (%) 137 (%) 92 (%) 54 (%) 31 (%)
Capecitabinþ Trastuzumab 43 (16) 15 (8) 10 (7) 4 (4) 1 (2) 2 (6)
Taxaneþ Trastuzumab 32 (12) 24 (12) 16 (12) 11 (12) 6 (11) 6 (19)
Capecitabinþ Lapatinib 26 (10) 17 (9) 4 (3) 1 (1) 1 (2) 0 (0)
T-DM1 23 (8) 8 (4) 2 (1) 1 (1) 0 (0) 0 (0)
Eribulinþ Trastuzumab 21 (8) 22 (11) 20 (15) 16 (17) 3 (6) 2 (6)
Experimental 21 (8) 7 (4) 2 (1) 1 (1) 2 (4) 2 (6)
Othera 106 (38) 103 (52) 83 (61) 59 (64) 41 (75) 19 (63)
aThe remaining patients grouped into one category were treated with the following treatments: CEF, Vinorelbine, Gemcitabine, Epirubicine,
CMF, EC, Carboplatin, Caelyx, Tamoxifen, Letrozol, Anastrazol, Exemestan, Fulverstrant, Trastuzumab, Lapatinib, Neratinib, Pertuzumab.
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Figure 2. (A) Cumulative incidence in % describing time on treatment of patients across all lines stratified by presence of CNS metastases at index. (B) Kaplan–
Meier estimates of overall survival (%) according to time since index date, including all patients stratified by presence of CNS metastases at index. (C) Kaplan–Meier
curve of progression-free survival (%) according to time since index date, including all patients stratified by presence of CNS metastases at index.
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monotherapy [10]. Compared to the patient population in our
study, that showed a median PFS of 5.5months, the median
PFS was longer, but the patient population differs on several
characteristics. In our study, the patient population was heavily
pretreated in the metastatic setting and had received a median
of three lines before inclusion, whereas the population receiv-
ing lapatinib combined with capecitabine in the randomized
study had received only trastuzumab as anti-HER2 therapy.
Furthermore, only 2% of the patients in the randomized study
had CNS metastases compared to 28% in our study.

Despite our study population having a larger percentage
of CNS metastases (28%) and being considerably larger, the
outcomes remained similar. Another real-world, multicenter
study [11] analyzed a population of 325 patients. It showed a
median age of 59 years with a median line of post-T-DM1
treatments of four. The median PFS was 6.1months (95% CI,
5.3–6.7) and the median OS was 23.7 (95% CI, 20.7–27.4).
Compared to our study the results are similar without notice-
able differences in outcomes. Other studies with similar
design showed no real difference in outcome in comparison
to our study [12,13].

A large number of trials have been conducted to identify
the effect of new drugs, such as trastuzumab-deruxtecan,
neratinib, and tucatinib, that might be potential third-line
treatment options in the near future. Due to the potential
difference in study populations, comparing cross-study/trials
should be done with caution, but it is nevertheless important
to evaluate both real-world studies and RCTs when approv-
ing or assessing the new possible standard of care options
for mBC.

Trastuzumab-deruxtecan (T-DXd) was studied in the
two-part, open-label, single-arm, multicenter, phase 2
DESTINY-Breast01 study in 2020. The trial included 184
patients previously treated with T-DM1. The median number
of lines received prior to inclusion was six and the patients
were previously treated with trastuzumab (100%), pertuzu-
mab (65.8%), and other HER2 targeting therapies (54.3%). In
our real-life nationwide population, the patients had received
a lower number of median lines, (3), prior to inclusion, and
only 16% received other HER2 targeting treatment compared
to 54.3% in the DESTINY-Breast01 study. Across the entire
population in the DESTINY-Breast01 study the median PFS
was 16.4months (95% CI, 12.7–NE) and among the 24
patients with CNS metastases the median PFS was
18.1months (95% CI 6.7–18.1). At the latest data cutoff (15
January 2021) the median OS was 28.4months (95% CI,
24.6–37.2) with 91 (49.5%) OS events [8,9]Our study showed
a median PFS of 5.5months (95% CI, 4.8–6.5) across the
entire population and 4.3 (95% CI 3.5–6.3) for the patients
with CNS metastases, thus the patients in DB01 obtained a
longer PFS compared to our study. Worth noting is that T-
DXd resulted in a longer PFS compared to our study consid-
ering how heavily pretreated the T-DXd population in the
DESTINY-Breast01 study was, having received median six
prior lines compared to the population in our study with a
median of three lines. However only 13% of the patients had
CNS metastases compared to 28% in our study, and this may
play a role in the difference of outcome as patients with CNS

metastases are shown to have a worse outcome in general
[3,14]. Of reported adverse events (AE) 99.5% had at least
one AE with 57.1% having an AE of grade 3 or higher, with
the most common AEs being neutropenia 19.6%, nausea
7.6%, and anemia 8.2%. Worth noting is that 13.6% experi-
enced interstitial lung disease of any grade [8].

Furthermore, the effect of T-DXd was studied in DESTINY-
Breast03. The study compared T-DXd and T-DM1 in 524
patients in 2nd line, previously treated with trastuzumab and
a taxane. Besides trastuzumab and a taxane, 62.1% had
received Pertuzumab before receiving T-DXd, and 60.1% had
received pertuzumab in the T-DM1 group. The median PFS
by BICR (blinded independent central review) was not
reached (95% CI, 18.5–NE) in the T-DXd group and 6.8 (95%
CI, 5.6–8.2) months in the T-DM1 group. The hazard ratio for
disease progression or death from any cause was 0.28 (95%
CI, 0.22–0.37) (p< .001). The confirmed ORR showed a signifi-
cant difference between the treatment arms with 79.7% ORR
(95% CI, 74.3–84.4) in the group receiving T-DXd and 34.2%
ORR (95% CI, 28.5–40.3) in the group receiving T-DM1. The
drug-related AEs of any grade was 98.1% with T-DXd and
86.6% in T-DM1, with the most common AEs being nausea
(72.8%), fatigue (44.7%), and vomiting (44%). The incidence
of these AEs was lower in the T-DM1 group (27.6%, 29.5%,
and 5.7%) respectively [15]. Given the results of the DESTINY-
Breast01 and 03, it is anticipated that TDX-d will be offered
as a standard of care in the near future provided the
National Medicines Councils are willing to approve the drug.

The NALA study was conducted to examine neratinib
combined with capecitabine versus lapatinib combined with
capecitabine in patients previously treated with two or more
HER2-targeted treatments. The study enrolled 621 patients
with 303 receiving neratinib combined with capecitabine,
311 receiving lapatinib combined with capecitabine, and 7
receiving no study drug. The study found that PFS for the
group treated with neratinib was significantly improved (HR,
0.76; 95% CI, 0.63–0.93) [16]. Median PFS was 5.6months
(95% CI, 4.9–6.9) and 5.5months (95% CI, 4.3–5.6)for the ner-
atinib group and lapatinib group respectively but with no
significant benefit in OS 24.0months (95% CI 22.1–25.9) and
22.2 (95% CI 20.4–24.0) respectively.

The HER2CLIMB study examined the effect of tucatinib
combined with trastuzumab and capecitabine in patients
treated with trastuzumab, pertuzumab, and trastuzumab
emtansine. The patient population was stratified according
to the presence or absence of CNS metastases. 612 patients
were enrolled in the study to receive either tucatinib or a
placebo. It showed a benefit with a median PFS of
7.8months (95% CI, 7.5–9.6) for the tucatinib group and
5.6months (95% CI, 4.2–7.1) for the placebo group in the
entire population. Among the patients with CNS metastases,
the study showed a median PFS of 7.6months (95% CI, 6.2–
9.5) for the tucatinib group and 5.4months (95% CI, 4.1–5.7)
for the placebo group. The median OS was 21.9months
(95% CI, 18.3–31.0) for the tucatinib group and 17.4months
(95% CI, 13.6–19.9) for the placebo group. Common AEs in
the tucatinib group included diarrhea, palmar–plantar eryth-
rodysesthesia syndrome, nausea, fatigue, and vomiting.
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Diarrhea (12.9%) and elevated aminotransferase (5.4%) levels
of grade 3 or higher were more common in the tucatinib-
combination group than in the placebo-combination
group [17].

A tyrosine kinase inhibitor was used as an experimental
drug in both the NALA and HER2CLIMB studies. In the
HER2CLIMB study, 47.5% of the patients had CNS metastases
compared to 28% in our study. When comparing our study
to the HER2CLIMB study, the patient group in the
HER2CLIMB study receiving tucatinib obtained a longer
median PFS but no improved median OS. The patient group
receiving neratinib in the NALA study obtained both a longer
PFS and OS, but compared to the population of our study,
only 16.6% had CNS metastases at baseline compared to
28% in our study. Comparing the HER2CLIMB and NALA
study to one another it may seem, that the higher percentile
of patients with CNS metastases, HER2CLIMB 47.5% and
NALA 16.6%, at inclusion plays a negative role in the out-
come, with the NALA study both showing improved PFS and
OS compared to our study and the HER2CLIMB only showing
a longer PFS. The rapidly expanding market for HER2-positive
mBC raises a question as to when to use these new drugs
and for whom. Furthermore, increasing costs of new drugs
might force regulatory instances to consider whether to
apply special considerations as to who to treat and when.

The strength of this study is that it is conducted within a
nation-wide study cohort, ensuring the outcomes and char-
acteristics are representative for an entire nation’s population
and not biased toward the clinical practices of the major
hospitals. There are limitations to the study as the retrospect-
ive design and as with every retrospective observational
study, the data collected relies on the treating physician’s
record-keeping as well as the data collector’s precise entry of
data. Another limitation is that a large proportion of the
patients treated with T-DM1 did not progress and were thus
not treated in the next line. This could cause a bias in the
analysis of prognosis after T-DM1 treatment.

Conclusion

In this real-world study, patients were treated with a wide
variety of anti-cancer agents in 3rd line or later in HER2-posi-
tive mBC with modest efficacy. However, patients in this
study did not have access to newer therapies like tucatinib
and T-DXd. Data from the studies have shown good results
and thus improvement in PFS and OS is anticipated with the
introduction of these agents. New treatment options are rap-
idly evolving for HER2-positive breast cancer. However, these
treatments are very expensive and may not be offered in
countries with limited health care resources. Thus, it is
important to know the efficacy and treatment patterns of
existing treatments to help ensuring the best treatments and
optimal use of health resources.
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