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Abstract

Purpose: Brain metastases are a common sequelae of breast cancer. Survival varies widely based
on diagnosis-specific prognostic factors (PF). We previously published a prognostic index (Graded
Prognostic Assessment [GPA]) for patients with breast cancer with brain metastases (BCBM),
based on cohort A (1985-2007, n= 642), then updated it, reporting the effect of tumor subtype in
cohort B (1993-2010, n7=400). The purpose of this study is to update the Breast GPA with a
larger contemporary cohort (C) and compare treatment and survival across the 3 cohorts.

This work was presented at the 2019 Annual Meeting of the American Society of Clinical Oncology in Chicago, Illinois on June 2,
2019.

Supplementary material for this article can be found at https://doi.org/10.1016/j.ijrobp.2020.01.051.
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Methods and Materials: A multi-institutional (19), multinational (3), retrospective database of
2473 patients with breast cancer with newly diagnosed brain metastases (BCBM) diagnosed from
January 1, 2006, to December 31, 2017, was created and compared with prior cohorts.
Associations of PF and treatment with survival were analyzed. Kaplan-Meier survival estimates
were compared with log-rank tests. PF were weighted and the Breast GPA was updated such that a
GPA of 0 and 4.0 correlate with the worst and best prognoses, respectively.

Results: Median survival (MS) for cohorts A, B, and C improved over time (from 11, to 14 to 16
months, respectively; P< .01), despite the subtype distribution becoming less favorable. PF
significant for survival were tumor subtype, Karnofsky Performance Status, age, number of
BCBMs, and extracranial metastases (all £#<.01). MS for GPA 0 to 1.0, 1.5-2.0, 2.5-3.0, and 3.5-
4.0 was 6, 13, 24, and 36 months, respectively. Between cohorts B and C, the proportion of human
epidermal receptor 2 + subtype decreased from 31% to 18% (P < .01) and MS in this subtype
increased from 25 months (P < .01).

Conclusions: MS has improved modestly but varies widely by diagnosis-specific PF. New PF
are identified and incorporated into an updated Breast GPA (free online calculator available at
brainmetgpa.com). The Breast GPA facilitates clinical decision-making and will be useful for
stratification of future clinical trials. Furthermore, these data suggest human epidermal receptor 2-
targeted therapies improve clinical outcomes in some patients with BCBM.

Summary

For patients with breast cancer brain metastases, new prognostic factors are identified and
incorporated into an updated Graded Prognostic Assessment (Breast GPA). Over decades,
treatment patterns have changed and survival has improved. Median survival for patients in the
best prognostic group now exceeds 3 years. Furthermore, these data suggest human epidermal
receptor 2—targeted therapies improve outcomes for these patients. The Breast GPA facilitates
clinical decision-making, end-of-life care, and appropriate stratification of future clinical trials.

Introduction

In 2019, there will be an estimated 270,000 patients diagnosed with breast cancer in the
United States and more than 2 million patients diagnosed with breast cancer worldwide.!
Although the relative mortality rate from breast cancer has dropped by 40% from 1989 to
2016, more than 42,000 deaths are expected this year from the disease in the United States
alone.? Brain metastases (BM) are a serious sequelae of breast cancer, occurring in up to
half of patients with metastatic human epidermal receptor 2 (HER2)-positive breast cancer
and up to 25% to 46% of patients with metastatic triple negative breast cancer.3-> The
incidence of brain metastases (BCBM) is increasing, likely owing to improvements in
systemic therapy, and the resulting decrease in overall mortality puts more patients at risk for
the development of this common problem.5.”

Clinical management is complicated by the fact that survival in patients with BM varies
widely based on diagnosis-specific prognostic factors (PF). We previously published a series
of articles defining and updating the graded prognostic assessment (GPA), a prognostic
index for BM patients with cancers of the breast,8 lung,® kidney,10 gastrointestinal tract,1!
and melanoma.12 The original Breast GPA was based on cohort A (1985-2007, /7= 642) and
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found only Karnofsky Performance Status (KPS) to be an independent prognostic factor. It
was later updated with the addition of age and tumor subtype in cohort B (1993-2010, n=
400) as additional prognostic factors.13:14

Some of the 21 reports that have independently validated the GPA include those of Villa et
al, 1 Gilbride et al, 16 and Laakman et al.1” Some have suggested modifications of the Breast
GPA. Ahn et al (7= 171) proposed that the presence or absence of extracranial metastases
(ECM) should be added to the Breast GPA.18 Zhuang et al (7= 282) suggested extracranial
disease progression, as opposed to the presence or absence of extracranial metastases, as an
independent prognostic factor.1® Ahluwalia et al (7= 371) also suggested the addition of
ECM and control of the primary tumor and leptomeningeal involvement.2® More recently,
Subbiah et al (7= 1552) suggested the addition of the number of brain metastases based on a
study of 1552 patients.2! The purpose of this study is to further refine the Breast GPA based
on a larger contemporary cohort (C) and to track changes in patterns of care and survival
from 1985 to today.

Patient population

Our multinational (3), multi-institutional (18) consortium created an institutional review
board—approved retrospective database of 2473 evaluable patients with newly diagnosed
BCBM treated between January 1, 2006, and December 31, 2017.

All patients had newly diagnosed brain metastases, which we arbitrarily defined as those
receiving treatment within 2 months of the diagnosis of BCBM. Patients with recurrent
BCBM and those with leptomeningeal metastases were excluded.

Statistical analysis

Associations were analyzed between survival and prognostic factors (PF, Table 1) and
treatment. In addition to reported factors, 9 molecular markers (BRCA1, BRCA2, ATM,
CDH1, CHEK2, NBN, NF1, PALB2, PTEN, STK11, p53) and body mass index (BMI) were
collected, but owing to the extent of incomplete data, only germline BRCAL status is
reported. Median survival (MS) estimates were calculated in months from date of BCBM
diagnosis using the Kaplan-Meier method. Survival curves were compared between the
current cohort (C) and prior cohorts (A and B) using standard log-rank tests, overall and
separately for the 4 tumor subtypes. Time from primary diagnosis to brain metastasis
(TPDBM) was described by percentiles (median and interquartile range) and compared
using Wilcoxon rank-sum tests.

Multiple Cox regression was used to initially select and weight variables to be included in
the new Breast GPA. The model was stratified by institution. Continuous variables were
divided into quartiles to allow for nonlinear effects. Missing observations were included as
an unknown category. Factors initially considered were age, sex, ethnicity, race, histology,
subtype, number of BCBM, KPS, presence of extracranial metastases, and BMI. Sex was
99% female and not prognostic, and so was dropped from the model. Histology, BMI, and
race were not prognostic, so they were dropped from the model. Continuous variables were

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2021 June 01.
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divided into quartiles to allow for nonlinear effects. The updated Breast GPA was designed
such that a GPA of 0 and 4.0 correlate with the worst and best prognosis, respectively, as in
all of the prior GPA studies. Factor weights were refined using metrics, such as the
concordance index and R-squared. The final GPA was chosen as a balance of performance
metrics and simplicity. Analysis was performed using R software, including packages rms
and survival. The free online application (brainmetgpa.com) to facilitate calculation of the
GPA was updated based on these data.

Table 1 shows patient characteristics and survival for the entire cohort. Notable findings
include the following: median age was 55 years; the frequency of tumor subtype was 31%,
24%, 21%, and 17% in ER-pos/Her2-neg, ER-neg/HER2-neg, ER-pos/HER2-pos, and ER-
neg/HER2-pos, respectively; the number of BM was 1 in 35%,< 5 in 73% and >10 in 18%;
more than 62% had KPS 80 to 100; and 81% had ECM. Only 4.5% (115 of 2473) of patients
presented with BCBM synchronous with the diagnosis of primary breast cancer. The tumor
subtype distribution for these patients was 41 out of 115 (37%), 28 out of 115 (25%), 19 out
of 115 (17%), and 22 out of 115 (22%) for ER-pos/HER2-neg, ER-neg/HER2-neg, ER-pos/
HER2-pos, and ER-neg/HER2-pos, subtypes respectively. Male breast cancer represented
1% (25 out of 2473) of the current cohort.

Table 1 shows that TPDBM varied by age, subtype, and ECM. TPDBM was shorter in
younger patients (28 months in women <46 years of age compared with 40, 44, and 51
months for patients who were 46-54, 55-63, and 64-92 years of age, respectively). The
hormone receptor—negative subtypes had the shortest TPDBM (27 months) compared with
ER-pos/HER2-pos (46 months) and ER-pos/HER2-neg (54 months). Table 2 compares the
distribution of tumor subtype, survival, and TPDBM between treatment era. The TPDBM
was shorter (22 months) for patients without ECM than for patients with ECM (45 months).
There was no difference in TPDBM between cohorts B and C.

Figure 1 shows the overall median survival for cohorts A, B, and C were 11, 14, and 16
months, respectively (P=.01). Table 2 shows that between cohorts B and C, MS has
improved significantly for 3 of the 4 subtypes: ER-pos/HER2-pos (21-27 months, £ =.03),
ER-neg/HER2-pos (18-25 months, P<.01) and ER-neg/HER2-neg (6—9 months, £<.01).

Updated Breast GPA

Table 3 shows the definition of the updated Breast GPA in a practical, easy-to-use worksheet
format based on the significant prognostic factors and the assigned scoring criteria. It also
shows the median survival by GPA. The MS for these 4 groups was 6, 13, 24, and 36
months, for Breast GPA 0to 1.0, 1.5t0 2.0, 2.5 t0 3.0, and 3.5 to 4.0, respectively. This
represents significant improvement in MS compare with cohort A (6, 9, 17, 19 months,
respectively) and cohort B (3, 8, 15, 25 months, respectively). Figure 2 shows the Kaplan-

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2021 June 01.
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Meier curves for survival by GPA with clear separation between each subgroup (each P
<.001). Figure E1 (available online at https://doi.org/10.1016/}.ijrobp.2020.01.051) shows a
comparison of survival by tumor subtype between cohorts B and C.

Treatment patterns by era

Table 4 shows survival by era and primary treatment for our 2 prior cohorts (cohort A, n=
642, 1985-2007; cohort B, n= 400, 1993-2010) and the current cohort (cohort C, n= 2473,
2006-2017). The use of whole brain radiation therapy (WBRT) has decreased from 75% to
67% to 47% in cohorts A, B and C, respectively. The use of stereotactic radiosurgery (SRS)
alone has increased from 22% to 29% to 34% in cohorts A, B and C, respectively. The
combined use of WBRT plus SRS was 19%, 22%, and 4% in cohorts A, B and C,
respectively, showing a dramatic decrease in this approach in the current cohort. The use of
craniotomy has remained stable (16%-20%) in all 3 cohorts. Table E1 (available online at
https://doi.org/10.1016/j.ijrobp.2020.01.051) shows a summary of systemic therapies used
before, after and both before and after the diagnosis of BCBM.

Multivariable model

Table E2 (available online at https://doi.org/10.1016/j.ijrobp.2020.01.051) shows the
multivariable model for survival used to derive the updated Breast GPA with the hazard ratio
for each variable for each prognostic factor. PF significant for survival were tumor subtype,
age, KPS, number of BM and ECM (all <0.001). KPS and subtype had the largest effects,
with a mortality hazard ratio of 3.4 for KPS < 60 versus KPS = 100 and a hazard ratio of 2.8
for HR-neg/HER2-neg relative to HR-pos/HER2-pos. To compare predictive discrimination
of the revised and original Breast GPAs, we calculated the c-index (concordance
probability). The c-index for the original GPA was 0.648, which improved to 0.669 using the
revised GPA. The latter estimate, however, was made with the sample that was used to
derive the model, and a true comparison requires an independent cohort.

BRCA status

BRCAL1 status was known in 474 patients and present in 57 of 474 (12%). Among those
with BRCA1 present, 33 of 57 (58%) had ER-neg/HER2-neg tumor subtype. There was no
significant difference in MS (16 vs 19 months) or TPDBM (37 vs 36 months) in patients
with present versus absent BRCA1 mutations (Table 1).

Discussion

Three current evidence-based guidelines?2-24 assert the primary role of local therapies
(craniotomies, SRS, and WBRT) with or without hippocampal avoidance in the management
of patients with BM. These primary therapies are supported by multiple landmark
prospective randomized clinical trials, which have changed the standard of care.25-33
Regarding systemic therapy specifically in BCBM, an American Society of Clinical
Oncology Clinical Practice Guideline Update recommended that patients with HER2-
positive breast cancer and brain metastases receive appropriate local therapies (craniotomy,
SRS, WBRT) and HER2-targeted therapies, making it clear that local therapies remain the
mainstay of management for most patients with brain metastases, especially on initial

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2021 June 01.
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diagnosis, although the guideline acknowledges an increasing role of systemic therapy in the
options for patients with central nervous system (CNS) progression after initial local
therapy.34

Each of these guidelines emphasize the importance of understanding prognosis to optimally
individualize management of patients with BCBM. This study, the largest reported series of
BCBM, refines our understanding of prognosis and identifies 5 PF. The updated Breast GPA
offers a more accurate method to estimate survival. Such information will guide clinical
decision-making, patient choice, and end-of-life care. It will be useful in the stratification of
future clinical trials to ensure the arms of those trials are comparing truly comparable
patients.

We observed a significant decrease between cohorts B and C in the proportion of patients
with HR-neg/HER2-pos subtype; although a similar decrease was not observed in the HR-
pos/HER2-pos subtype. The reduction in the percentage of HR-neg/HER2-pos patients in
Cohort C could be driven by an overall decrease in the risk of distant recurrence among
patients presenting with early breast cancer (resulting from improvements in adjuvant
therapy) or by a decrease in the risk of brain metastases among patients with established
HER2-pos metastatic breast cancer.3>36 Although no adjuvant regimen has been shown to
reduce the risk of CNS as the first site of relapse, an overall reduction in the risk of distant
metastases reduces the pool of patients at risk for subsequent CNS events.3” Our study
cannot directly distinguish between these possibilities, although the lack of change in
TPDBM would favor the former explanation. The proportion of tumor subtypes was similar
to recent reports by Leone et al38 and Miller et al.3% Leone et al reported a retrospective
series of patients (= 740) with BCBM at the time of the initial breast cancer diagnosis, in
which 47% were Luminal A and 14% were HER2 compared with 37% and 22% in our
series, respectively. In our series, only 4.5% received a diagnosis of BCBM at the time of
primary diagnosis.

MS has improved significantly overall between each era (cohort Ato B and B to C) and in 3
(HER2-positive and HR-neg/HER2-neg) of the 4 tumor subtypes subtypes (Tables 2 and 3).

Our data are very similar to the SEER data“ in terms of overall survival by subtype. This is
noteworthy because the SEER is population-based, whereas our data are from academic
centers. This observation allays the concern that our data may not represent the general
population. Of note, the SEER data reflects only patients who had brain metastases at the
time of initial diagnosis of breast cancer (de novo brain metastases), whereas our data
includes patients with newly diagnosed brain metastases either at the time of primary breast
cancer diagnosis or subsequent to the primary diagnosis. The similar survival in our data and
the SEER data suggests our data can be applied regardless of whether the brain metastases
are diagnosed de novo or subsequent to primary diagnosis.

Our data also provide a unique opportunity to compare survival and treatment patterns
across 3 eras (cohorts A, B, C). Survival has improved despite the shift toward a less
favorable tumor subtype distribution. The overall MS has improved to 16 months and for
patients in the best prognostic group (Breast GPA 3.5-4.0), the MS is how 36 months.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2021 June 01.
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Furthermore, in the HER2 subtype, median survival improved from 18 to 25 months
between cohorts B and C for this subtype. Although our data set has limitations, in light of
the frequent exclusions of patients with brain metastases in prospective clinical trials, and
the inclusion only of de novo stage IV patients in the population-based SEER registry, we
believe our observations represent perhaps the most persuasive evidence to date of effect of
advances in local and systemic therapy upon the outcomes of patients with HER2-positive
BCBM.

However, overall survival for patients with breast cancer with brain metastases is still poor,
with half of all patients dying by 16 months. The percentage of patients alive at 1, 2, 3, 4,
and 5 years is 60%, 37%, 23%, 17%, and 12%, respectively. The percentage of patients alive
atl, 2,3, 4 and 5 years by subtype were HR-neg/HER2-neg (41%, 20%, 11%, 7%, and 6%);
HR-neg/HER2-pos (72%, 51%, 33%, 24%, and 17%); HR-pos/Her2-neg (54%, 31%, 18%,
12%, 9%); and HR-pos/HER2-pos (78%, 54%, 39%, 30%, and 22%), respectively.

Our study showed a TPDBM of 27 months for both HR-neg/HER2-neg and Her2-pos
subtypes compared with 46 months for HR-pos/HER2-pos and 54 months for HR-pos/
HER2-neg. This is consistent with other literature, which show BCBM occur later in the
disease in patients with HR-pos/HER2-neg patients than other subtypes.*! One observation
is that TPDBM was shorter in patients without ECM compared with those with ECM,
suggesting that some patients may have occult CNS metastases at presentation of early-stage
breast cancer (and not adequately treated with adjuvant systemic therapy) or a more brain-
metastatic tumor phenotype.

Table E1 (available online at https://doi.org/10.1016/j.ijrobp.2020.01.051) shows a summary
of systemic therapies and timing of those therapies. There are currently no drugs approved
by the Food and Drug Administration for use in patients with BCBM, although several
regimens have now gained endorsement by the National Comprehensive Cancer Network
Neuro-Oncology guidelines committee.#2 In particular, multiple HER2-directed regimens
have been reported to result in clinically relevant response rates in the CNS.%3 For example,
Freedman reported a phase Il trial (7= 49) with a CNS objective response rate of 49% in
HER2-positive BCBM when treated with neratinib plus capcitabine.*4

Mounsey et al (7= 123) reported HER2-positive patients who received HER2-targeted
therapy (trastuzumab, lapatinib, pertuzumab, or T-DMI) after the diagnosis of BCBM had a
MS of 2.1 years compared with 0.65 years in patients who did not receive such therapy.*®
Duchnowska et al reviewed the evidence for tyrosine kinase inhibitors (lapatinib, neratinib,
afatinib, and tucatinib) in HER2-positive patients, alone and in combination with hormonal
therapy and chemotherapy (capcitabine), and concluded their role in BCBM at present is
unknown.46

The aforementioned suggestion that HER2-targeted therapy benefits HER2-positive patients
with BCBM begs scrutiny of the HR-pos/HER2-neg subtype regarding whether hormonal
therapy offers a similar benefit. Bergen et al reported continuing hormonal therapy after the
diagnosis of BCBM resulted in improved median survival compared with patients who did
not continue hormonal therapy after the diagnosis of BCBM (15 vs 4 months).4’ Our data

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2021 June 01.
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show improvement in MS from 10 to 14 months between cohort B and C but no change in
TPDBM (54 months in both cohorts). Although hormonal therapy may have a similar effect
in hormone-positive patients, it may be masked by the greater magnitude of effect seen in
the HER2-positive patients.

Others have reported there is no difference in outcome for patients with 2 to 4 versus 5 to 15
brain metastases when treated with SRS.484 Table E2 (available online at https://doi.org/
10.1016/j.1jrobp.2020.01.051) shows the hazard ratios, which confirm there is not much of a
survival trend among patients with more than one brain metastasis. Accordingly, the Breast
GPA uses the cutoff of 1 versus more than 1. In our study, patients with HR-neg/HER2-neg
subtype are most likely to harbor BRCA1 mutations (21%). This is consistent with a meta-
analysis of 16 studies with 46,870 patients.>0

This study has limitations. The data are retrospective with inherent selection bias, so they
cannot be used to prove one treatment is better than another. The type, timing, combination,
and sequence of immunotherapy, targeted therapies and chemotherapy, both before and after
the diagnosis of brain metastases, varied widely so any conclusions regarding the effect of
these interventions warrant cautious interpretation as this may represent bias by reverse
causation and thus such conclusions require phase Il confirmation. Comparison of survival
between eras may suffer from lead-time bias, but we doubt this is a major factor because
MRI/CT screening, which could result in earlier detection, is not standard of care. The years
of the cohorts overlap somewhat, which could reduce the magnitude and likelihood of
detecting a difference between the cohorts; nonetheless the aforementioned differences were
found.

Conclusions

Treatment patterns have changed and survival has improved but varies widely by diagnosis-
specific prognostic factors. New prognostic factors are identified and the updated Breast
GPA is defined. Patients in the best prognostic group (GPA 3.5-4.0) can now expect to live
more than 3 years. The GPA facilitates clinical decision-making and stratification of clinical
trials. A free app to calculate the GPA is available at brainmetgpa.com. Beyond the updated
Breast GPA, these data suggest but do not prove a benefit for systemic therapy. Many
questions remain and prospective trials are needed to further improve outcomes for patients
with breast cancer with brain metastases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Kaplan Meier Curve for Survival by Era.
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