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ABSTRACT

Objective: To determine the characteristics and prognosis of brain metastasised HER-2 positive breast cancer (BC) patients.
Study Design: Descriptive study.
Place and Duration of Study: Ankara Oncology Training and Research Hospital, Turkey between 2000 and 2019.

Methodology: HER-2 positive BC patients were analysed retrospectively and 105 patients were included in the study. Age 18
years and over, HER-2 positive BC, with BM (brain metastases) were the inclusion criteria. Patients with secondary malignan-
cies, those with missing data, and irregular follow-up were excluded from the study. The age, type of treatment, Eastern Cooper-
ative Oncology Group Performance Status (ECOG PS) score, BM date, and the last contact date of the patients were obtained
from the hospital records. The Kaplan-Meier method was used to determine the time to BM and OS. Independent factors
affecting OS and time to BM were determined using the Cox regression model.

Results: Patients with ECOG PS score of 0-1 at the time of the BM had 19 months median overall survival (0S), while patients
with ECOG PS score of 2 had 8 months (p <0.01). Median OS after BM was 32 and 14 months for patients with one BM and
patients with multiple BM, respectively (p <0.01). Multivariate cox regression analyses revealed that time to progression of BM
was shorter in patients with high-grade tumors compared to patients with low-grade tumors (p= 0.048), and in patients with de-
novo metastasis compared to patients without de-novo metastasis (p= 0.003).

Conclusion: Tumor grade and de-novo metastasis (extracranial metastasis at the time of diagnosis) are independent predictive
factors that may cause the earlier occurrence of BM and affect mortality in BC patients.
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INTRODUCTION In recent years, the life expectancy of BC patients with BM
increased withthe use of HER-2 targeted therapies.™ A prospec-
tive study revealed that survival rates of BC patients with BM
who were treated with trastuzumab, were increased signifi-

cantly.® After trastuzumab, HER-2 positive BCpatients have

Breast cancer (BC) is the most frequently diagnosed cancer in
womengloballyanditisageneticallyand pathologically heteroge-
neous disease." Pathologically, BC is categorised into four
subgroups, according to estrogen receptor, progesterone

receptor, and human epidermal growth factor receptor 2 (HER-2)
basis.” The metastasis potential of different BC subgroups to
different locations differs. BC can metastasise into bone, lungs,
liver and brain. Brain metastasis (BM) is commonly seen in triple
negative (25-75%) and HER-2 positive subgroups (11-20%);
whereas, itis seen in 8-15% luminal BC patients.** BM is common
during the course of HER-2 positive metastatic BC.>** Thisleads to
poorsurvivaland worse quality of life.”
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started touse lapatinib, pertuzumaband TDM1. In phase 3 Cleo-
patra clinical trial,”* taxane was used with trastuzumab or
pertuzumab, and it improved the overall survival (OS) and
progression-free survival (PFS) significantly. Moreover, novel
trastuzumab deruxtecan and tucatinib agents, which have
been shown to have positive results, have started to be usedin

anti-HER2-based treatments."*® With this result, taxane use
was approved for the firstline treatment of HER-2 positive
metastatic BC."***In addition, taxane was shown to delay BM."
There is limited data on the prognosis, incidence, treatment,
risk factors and complications of BC patients with BM because
mostclinicaltrials excludedthese patients.

In light of the current literature, the aim of this study was to
determine the characteristics and prognosis of brain metasta-
sized HER2-positive BC patients.
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METHODOLOGY

it was a descriptive study conducted at Ankara Oncology
Training and Research Hospital, Turkey between 2000-2019;
3,100 patients were analysed retrospectively and 105 patients
met the criteriaforinclusioninthe study. Age 18 yearsand over,
HER-2 positive BC, and presence of BM were the study inclusion
criteria. Patients with secondary malignancies, those with
missing data and irregular follow-up were excluded from the
study. Age, type of treatment, Eastern Cooperative Oncology
Group performance status (ECOG PS) score, BM date, and last
contact date of the patients were obtained from the hospital
records, retrospectively. Ethics Committee approval was
obtained before the study (No. 2020/87).

Statistical analyses were performed using SPSS version 20.0
software (SPSS, Chicago, IL, USA). Qualitative data were given
as frequencies and percentages (IQR: 25th percentile-75th
percentile). Survivalwas analysed by Kaplan-Meier method and
comparison between groups was performed by the log-rank
test. Prognostic factors that affect survival were determined by
Cox proportional hazards model multivariate analyses. A p-
valueunder0.05 was considered as statistically significant.

RESULTS

One hundred and five HER-2 positive BC patients whose BM
occurred during the course of the disease, were retrospectively
examined. The median age of the patients was 48 (IQR
41.5-54.5) years. Forty-one (39%) patients were hormone
receptor (HR) negative, while 61 (58.1%) patients were HR-posi-
tive. HR status of 3 patients could not be found from theirrecords.
Nine (8.6%) participants had BM at the time of the diagnosis;
whereas, 26 (24.8%) patients had metastasis to organs other
than the brain at the time of the diagnosis. Overall, 35 (33.3%)
patients had de-novo metastasis (metastatic disease at the time
ofdiagnosis).

Patients were given first and second line treatment after metas-
tasis (1-5). As the first line of the treatment, 54 (51.4) patients
used taxane and trastuzumab, 19 (18.1%) patients used capec-
itabineandlapatinib, 7 (6.7%) patientsusedvinorelbineandtras-
tuzumab, 4(3.8%) patients used pertuzumab, trastuzumab, and
taxane, and 3 (2.9%) patients used TDM-1 therapy. All patients
were able to get trastuzumab treatment; whereas, 26 (24.8)
patients were given TDM-1 treatmentand 4 (3.8%) patients used
dualanti-HER-2 treatment with pertuzumab and trastuzumab, at
any stage ofthetreatment.

Ninety-two (87.6%) of the 105 retrospectively examined
patients died. Median OS was found to be 50 months (95% Cl =
39.6-60.4) in all patients. Median OS was 43 months (35.5-50.5)
for HR-negative patients, while it was determined to be 59
months (44.5-73.5) inthe HR-positive patients (p = 0.035, Figure
1a). In addition, median OS was 31 months (25.1-36.9) and 66
months (52.2-79.8) for patients with de-novo metastasis
(metastatic disease atthe time of diagnosis) and patients with no
metastasis at the time of the diagnosis, respectively (p <0.001,
Figure 1b). The median OS between 25 patients with one BM and

80 patients with multiple BM was found to be 90 months
(65.6-114.4) in the first-mentioned group and 45 months
(38.4-51.6) in the latter group (p= 0.003, Figure 1c). Moreover,
median OS was 90 months (62.6-117.4) for patients who under-
went surgery for BM whereas it was 47 months (41-53) for
patients who did not undergo surgery for BM (p= 0.034). Also,
median OS was determined to be 50 months (37.7-62.3) and 47
months (25.5-68.5) for patients who were given cranial radio-
therapy and patients who did not receive cranial radiotherapy,
respectively (p=0.885, Tablel).
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Figure 1: (a) Median overall survival forhormonereceptorstatus positive
and negative. (b) Median overall survival for de novo metastasisand non-
metastatis at the diagnosis time. (c) Median overall survival for single
and multiple brain metastasis.
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Figure 2: Median time to progression of BM for de novo metastasis and
non-metastasis patients.

In all patients, the median time to BM was 22 months
(17.02-26.97). Median time to occurence of BM was 15 months
(9.2-20.8) for patients with extracranial metastatic disease at the
time of diagnosis, while it was 35 months (23.3-46.7) for patients
with no metastasis at the time of the diagnosis, (p=0.001, Figure
2). The time to brain metastasis in the whole patient population
was 19 months (14.2-23.8) inthe high grade group and 31 months
in the low grade group.(12.1-49.9) (p=0.06). The time to brain
metastasis in the receptor positive group was 26 months
(16.6-35.4) while it was 20 months in the hormone receptor nega-
tivegroup(15.9-24.1, p=0.136). Multivariate cox regression anal-
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yses revealed thattime to occurence of BM was shorterin patients
with high-grade tumors compared to patients with low-grade
tumors (HR: 1.64, 95% CI: 1.0-2.7) p=0.046), and in patients with
de-novometastasis comparedto patients withoutde-novo metas-
tasis (HR:0.44,95%Cl:0.2-0.8,p=0.006).

Tablel: Trial populationmedianoverallsurvival (0S).

Median OS

Patients (n) (months) p-value

Hormon receptor status

Positive 41 (39%) 59

Negative 61 (58.1%) 43 0.035

Unknown 3(2.9%) -
Metastatic type

De-novo metastatic | 35 (33.3%) 31

De-novo brain

metastatic 9(8.6%) <0.001

Non De-novo o

metastatic 70 (66.7%) 66
Brain metastatis

Single 25 (23.8%) 90

Multiple 80 (76.2%) 45 0.003
Cranial RT

Recieved 93 (88.6%) 50 0.885

Not recieved 12 (11.4%) 47 )

Table II: Multivariate analysis of the effect of ECOG PS, number of brain
metastasis, surgery of brainmetastasis.

| HR (95%CI) | p-value
ECOG PS
0-1 Reference <0.001
2 2.42 (1.49-3.91)
Number of brain metastasis
1 Reference 0.001
>1 3(1.52-5.89)
Surgery of brain metastasis
No Reference 0.493
Yes 0.71 (0.26-1.91)
ECOG PS: Eastern cooperative oncology group performance status.

Median OS was determined to be 15 (12.4-17.6) months for all
patients with BM after the occurrence of the metastasis. Patients
with Eastern Cooperative Oncology Group performance status
(ECOG PS) score of 0-1 at the time of the BM had 19 months
(12.3-25.7) median OS, while patients with ECOG PS score of 2 at
thetime ofthe BMhad 8 months (5.7-10.3) median OS (p< 0.001).
Median OS after BM was 32 months (3.9-60.1) and 14 months
(11.5-16.5) for patients with one BM and patients with multiple
BM, respectively (p=0.001). In addition, median OS after BM was
determined to be 64 months (23.9-104.1) for patients who under-
went brain surgery and it was found to be 14 months (11.6-16.4)
for patients who did not undergo brain surgery (p = 0.010).
Further, median OS after BMwas 31 months (8.6-53.4) for patients
with only BM and it was 13 months (11.1-14.9) for patients with
metastasis to an organ other than the brain in addition to BM (p=
0.018).

ECOG PS score and the number of BM were accepted as indepen-
dent predictive factors for median OS during multivariate Cox
regression analyses. A worse prognosis was observed in patients
with ECOG PS score of 2 compared to patients with betterPSandin
patients with multiple BM compared to patients with solitary BM
(Tablell).

DISCUSSION

In this study, it was found that tumor grade and de-novo metas-
tasis (extracranial metastasis at the time of diagnosis without
brain metastasis) affected the occurrence of BM. On the other
hand, it was showed that the number of BM and ECOG PS score
werethefactors, which affected OS.

It is known that HER-2 positive or triple negative BC patients
have a high rate of BM.>** In addition, tumor grade and HR
status are the risk factors for central nervous system metas-
tasis.***Inthis study, the median OS for all patients was found to
be 50 months, for HR-positive patients it was found to be 59
months and for HR-negative patients, it was 43 months. There
aredifferentresultsintheliterature regarding OS. Theseresults
on OS seem to be better compared to most studies in the litera-
ture.” This finding might be the result of that 33.3% of patient
population had de-novo metastasis and 8.6% of patient popula-
tion had BM at the time of the diagnosis. A study performed by
Honda et al. found that the median OS for HR and HER-2 positive
patients was 37 months.”® Difference between this study and
aforementioned study regarding median OS could be due to the
factthat there were more BC patients with multiple BM, median
ECOG PS score was worse in their patient population and the
number of recruits was smallerin Honda et al. study.” In parallel
with the literature, this study revealed that HR-positive patients
had a better prognosis compared to HR-negative patients.
Besides, different OS lengths between different studies might
be the result of the number and size of BM of patients and
changing local treatments for metastasis among
studies.””***"*° Despite the relatively low number of patients,
who underwent surgery for metastasis removal in our study,
these patients had better OS compared to patients who did not
have surgery (median OS were 90 and 47 months, respec-
tively). There was no statistically significantdifference between
the median OS for patients treated with cranial radiotherapy
and patients who did not. This result might due to the low
numberof patients whodid notreceive cranial radiotherapy.

Median time to occurence of BM in this study was 22 months. A
previous study reported that high tumor grade was an indepen-
dent predictive factor affecting the time for the occurrence of
BM." It was found the same result, as well. In addition, this study
showed that de-novo metastasis was also an independent
predictive factor affecting the time for the occurrence of BM. It
was also found that HR-negative patients had a worse prognosis
compared to HR-positive patients, like the mentioned study.

Previous studies found that median OS after BM varies between
6.4 and 12 months.”*** Median OS after BM in the present study
was 15 months. The finding of better median OS after BM might
be due to the low number of recruited patientsin some previous
studies and inclusion of patients with bad prognosis who were
given multiple step treatmentbefore BMin some others.

Similarto a previous study, this study found a better median OS
for patients with only BM compared to patients with other organ

metastasis, in addition to BM.** The mentioned study reported
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worse median OS compared to our study (median OS for
patients with only BM was 13.7 months). This finding might be
the result of the recruitment of patients other than HER-2 posi-
tive patients in that study. Moreover, this finding supported the
claimthatanti-HER-2 treatmentsimprove OS for HER-2 positive
BC patients. When examined the factors affecting OS in this
study, it was found that patients with worse ECOG PS score,
multipleBMorinoperable BM had a worse prognosis.

There are several potential limitations to this study. First, the
studyisaretrospective single-centrestudy; anditisnotideal for
early-period patients to have access to anti-HER-2 treatments
due to the long inclusion process. Additionally, there is no
official approval of pertuzumab due to no health insurance
payment in Turkey afteruse TDM-1

CONCLUSION

This study indicated that tumor grade and de-novo metastasis
(extracranial metastasis at the time of diagnosis) are indepen-
dent predictive factors that may cause the earlier occurrence of
BM, and affect mortality in BC patients. After the occurrence of
BM, lower ECOG PS scoreand multipleBMatthetimeofthediag-
nosis affected median OS as poor prognosticfactors.
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