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Background: There is a concern that HER2-directed systemic therapies, when
administered concurrently with stereotactic radiosurgery (SRS), may increase the risk of
radiation necrosis (RN). This study explores the impact of timing and type of systemic
therapies on the development of RN in patients treated with SRS for HER2+ breast cancer
brain metastasis (BCBrM).

Methods: This was a single-institution, retrospective study including patients >18 years of
age with HER2+ BCBrM who received SRS between 2013 and 2018 and with at least 12-
month post-SRS follow-up. Presence of RN was determined via imaging at one-year
post-SRS, with confirmation by biopsy in some patients. Demographics, radiotherapy
parameters, and timing (“during” defined as four weeks pre- to four weeks post-SRS) and
type of systemic therapy (e.g., chemotherapy, HER2-directed) were evaluated.

Results: Among 46 patients with HER2+ BCBrM who received SRS, 28 (60.9%)
developed RN and 18 (39.1%) did not based on imaging criteria. Of the 11 patients
who underwent biopsy, 10/10 (100%) who were diagnosed with RN on imaging were
confirmed to be RN positive on biopsy and 1/1 (100%) who was not diagnosed with RN
was confirmed to be RN negative on biopsy. Age (mean 53.3 vs 50.4 years, respectively),
radiotherapy parameters (including total dose, fractionation, CTV and size target volume,
all p>0.05), and receipt of any type of systemic therapy during SRS (60.7% vs 55.6%,
p=0.97) did not differ between patients who did or did not develop BRN. However, there
was a trend for patients who developed RN to have received more than one agent of
HER2-directed therapy independent of SRS timing compared to those who did not
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develop RN (75.0% vs 44.4%, p=0.08). Moreover, a significantly higher proportion of
those who developed RN received more than one agent of HER2-directed therapy during
SRS treatment compared to those who did not develop RN (35.7% vs 5.6%, p=0.047).

Conclusions: Patients with HER2 BCBrM who receive multiple HER2-directed therapies
during SRS for BCBrM may be at higher risk of RN. Collectively, these data suggest that,
in the eight-week window around SRS administration, if HER2-directed therapy is
medically necessary, it is preferable that patients receive a single agent.

Keywords: breast cancer, brain metastasis, stereotactic radiotherapy, systemic therapy, radiation necrosis

INTRODUCTION

Breast cancer is the most common malignancy diagnosed in
women and the second leading cause of cancer-related mortality
among women worldwide (1). Increased survival has been
observed in breast cancer patients due to advances in early
diagnosis/screening methods and improved treatments.
However, long-term survival is complicated by increased
prevalence of breast cancer brain metastasis (BCBrM), which is
associated with poor prognosis and decreased quality of life (2).
Specifically, breast cancer is the second most common primary
origin of BrM, with 15-30% of patients estimated to develop BrM
during the course of advanced disease (3, 4).

Human epidermal growth factor receptor 2-positive (HER2+)
breast cancer is a subtype of breast cancer with a predilection for
BrM (5). As many as 30% of patients with advanced, metastatic
HER2+ breast cancer will develop BrM (6). Current standard of
care options for HER2+ BCBrM include radiation therapy
(stereotactic radiosurgery [SRS] or whole brain radiation
therapy [WBRT]), brain permeable systemic therapies, and/or
neurosurgical resection when appropriate (7). A multimodal
approach combining these different treatment modalities has
improved the overall survival and functional outcomes of
patients with BCBrM. Specifically for radiation therapy, SRS is
a highly effective form of radiation therapy that offers meaningful
control of BrM (8). Because the vast majority of patients who
present with BrM have both intracranial and extracranial disease,
most of them will also receive systemic treatment.

Radiation-induced injury is one of the most significant
complications of brain tumor irradiation (9). One of the
important adverse effects associated with SRS is radiation
necrosis (RN), which is a late complication of radiation injury
and occurs in about 5-25% of treated patients (10, 11). RN often
significantly impacts quality of life; for example, it often presents
with neurological deficits such as headaches, nausea and seizures
(12, 13). The mechanism of RN remains unclear, but the
pathology involves inflammation and angiogenesis in a region
of coagulative necrosis associated with breakdown of the blood-
brain barrier. resulting in perilesional edema and heterogeneous
contrast enhancement (14, 15). RN commonly occurs 3-12
months after radiotherapy (16, 17), though it can be observed
as late as several years post radiosurgery, in our experience.
Because the likelihood of RN depends on factors such as timing
of radiation therapy, total dose, dose per fraction and volume

irradiated (18-20), efforts to decrease the rate of RN have focused
on controlling these radiotherapy parameters. However, recent
studies have shown that rates of RN are higher in patients who
received both SRS and immunotherapies or targeted therapies
compared to those who received SRS alone (21, 22). This
association is significant because most BCBrM patients receive
concurrent systemic therapy as part of their treatment regimen.
This study explores the impact of timing and type of systemic
therapies on the development of RN in patients with HER2+
BCBrM treated with SRS.

METHODS

This was a single-institution, retrospective study (approved by
the Institutional Review Board) of patients >18 years of age with
HER2+ BCBrM who received SRS between 2013 and 2018 with
at least 12-month post-SRS follow-up. Demographics and
baseline characteristics including age at the time of SRS, race,
location of irradiated BrM, and number of BrM were collected.
Relevant systemic and radiation treatment details were also
recorded. Presence of RN was determined via magnetic
resonance (MR) imaging one-year post-SRS (see details below).
The rate of RN was also determined using biopsy reports of brain
lesions if they were available at any time after SRS (i.e., not
restricted to within one-year post-SRS). Patients with incomplete
follow-up data and/or who were deceased within one-year post-
SRS were excluded. Demographics and lesion characteristics
considered included age at the time of SRS, race/ethnicity, time
to SRS from date of brain metastasis, and location of
brain metastasis.

Brain Metastases

Location of irradiated BrM was categorized as follows: frontal,
parietal, temporal, occipital, cerebellar, midbrain/brainstem, and
multiple. The number of BrM was considered as a binary variable
(single or multiple).

Imaging and Pathological Criteria for
Radiation Necrosis

MR imaging was used to diagnose RN within 12 months of receipt
of SRS. For a given area, the diagnosis of RN was determined by:
1) the degree of hyperintensity on T2-weighted image and
enhancement on contrast-enhanced T1-weighted image and
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2) assessment and confirmation by neuroradiologists. For biopsy-
confirmed cases with associated pathology reports, pure (tumor
absent) and mixed (tumor present) RN were all considered as RN.

Radiotherapy Parameters

The total administered dose (in grays) and the number of fractions
were collected. Other relevant radiotherapy parameters considered
were clinical target volume (CTV), gross tumor volume (GTV),
conformity index (CI), and volume receiving 12 gray (V12Gy). For
V12Gy, only single-fraction SRS was considered.

Systemic Therapy

Types of systemic therapy included HER2-directed therapy (T-
DM]1, trastuzumab, pertuzumab, lapatinib), mitosis inhibitors
(taxanes, vinca alkaloids, eribulin), DNA synthesis inhibitors
(capecitabine, platinum, anthracycline, pemetrexed,
cyclophosphamide, doxorubicin, gemcitabine), and other (all
other systemic treatments). Timing of systemic therapy with
regard to radiotherapy was defined as a binary variable as
follows: 1) systemic therapy “during” radiotherapy meant the
systemic therapy was administered within 4 weeks prior to Day 1
of SRS treatment through 4 weeks post-SRS Day 1; 2) “not
during” radiotherapy meant systemic therapy was administered
outside the 8-week window surrounding SRS. Number of
systemic therapy agents overall, number of HER2-directed
therapies, and use of T-DM1 were also considered.

Statistical Analysis

Categorical variables were summarized with frequencies and
percentages and analyzed using Pearson’s Chi-squared test
with Yates’ continuity correction. Continuous variables were
summarized with means/standard deviations and medians/
minimum and maximum and analyzed using the Wilcoxon
rank sum test with continuity correction. Statistical significance
was assessed at level alpha = 0.05. All statistical analyses were
conducted using both SAS 9.4 (SAS Institute Inc., Cary, NC,
USA) and R (RStudio, Inc; Boston, MA).

RESULTS

An initial sample of 386 adult patients who were diagnosed with
BCBrM were identified between 2013 and 2018. From this
sample, 264 patients were excluded as they did not have
HER2+ BCBrM. 68 patients were further excluded as they did
not receive systemic therapy and/or SRS at our institution.
Finally, seven patients who were deceased within one year
following SRS were excluded. A final cohort of 46 patients
remained after applying these exclusion criteria (Figure 1).

Patient Demographics and Lesion
Characteristics

Among 46 patients with HER2+ BCBrM who received both SRS
and systemic therapies, the mean age at time of SRS was 52.1
years and the cohort was predominantly white (76.1% vs 23.9%
non-white). A majority of patients had a single treated BrM
(63%) vs multiple (37%).

Original patient cohort who are > 18 years of age and
diagnosed with BCBrM between 2013-2018
(n=386)

.

Adult patients with HER2+ BCBtM
(n=122)

.

Adult patients with HER2+ BCBrM who received
systemic therapy and SRS
(n=54)

Patients deceased within one year of
receipt of SRS

(n=7)

Patients who did not have HER2+
BCBrM
(n=264)

Patients who did not receive systemic
therapy and/or SRS at our institution
(n=68)

Final patient cohort for analysis
(n=46)

FIGURE 1 | Consort diagram of selection of patient cohort. Inclusion and
exclusion criteria applied for derivation of final sample cohort.

In this cohort of 46 patients, 28 (60.9%) developed RN and 18
(39.1%) did not based on imaging parameters. Of the 11 patients
from whom tissue biopsy samples were obtained (average date of
biopsy was 1.5 years after SRS), 10/10 (100%) patients who were
diagnosed with RN on imaging were confirmed to have RN on
biopsy (with 4 of those reported as pure RN and 6 as mixed RN/
recurrence) and 1/1 (100%) patient who was determined to not
have RN on imaging was confirmed to not have RN on biopsy.
Age at time of SRS did not differ between those who developed RN
and those who did not (mean 53.3 vs 50.4 years, respectively;
p=0.54). There was a higher, though not statistically significant,
percentage of African Americans in the RN group (28.6% vs
11.1%, p=0.24). Although there was no statistically significant
difference between the anatomic location of BrM irradiation
between the two cohorts, more patients who developed RN had
a single BrM lesion (78.6%) as opposed to multiple BrM lesions
(21.4%) (p=0.016). Conversely, more patients who did not develop
RN had multiple BrM (61.1%) compared to those with a single
lesion (38.9%) (p=0.016). The results are summarized in Table 1.

Radiation Treatment

Opverall, the mean total dose of SRS administered was 21.9 + 4.10
Gy. 60.9% of the patients underwent single-fraction SRS. The
mean values for the measured radiotherapy parameters were as
follows: CTV of 9.15 = 13.0 cc, GTV of 5.39 £ 7.51 cc, CI of
1.32 + 0.27, and V12Gy (for single-fraction only) of 7.14 + 6.28
cc. When we compared the two groups, there were no significant
differences in the total dose, fraction (1 vs 5), and all measured
radiotherapy parameters (all p>0.05) as shown in Table 2.
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TABLE 1 | Demographics and lesion characteristics.

Variable No RN (n=18)
Age at time of SRS, years

Mean (SD) 50.4 (13.0)
Median [Min, Max] 51.5[28.0, 74.0]
Race, n (%)

White 16 (88.9)
Black 2(11.1)
Other 0(0)
Location of irradiated brain metastasis, n (%)

Frontal 3(16.7)
Parietal 1(5.6)
Temporal 0(0)
Occipital 0(0)
Cerebellar 3(16.7)
Midbrain/Brainstem 0(0)
Multiple 11 (61.1)
Number of brain metastasis (binary), n (%)

Single 7 (38.9)
Multiple 11 (61.1)

RN (n=28) Total (n=46) p-value
0.54
53.3 (11.7) 52.1 (12.1)
55.0 [33.0, 78.0] 53.0 [28.0, 78.0]
0.24
19 (67.9) 35 (76.1)
8 (28.6) 10 (21.7)
1(3.6) 1.2
0.14
4 (14.3) 12 (26.1)
4 (14.3) 5(10.9)
2(7.1) 2(4.3)
2(7.1) 2 (4.9
9 (32.1) 12 (26.1)
1(3.6) 1.2
6 (21.4) 17 (37.0)
0.016
22 (78.6) 29 (63.0)
6 (21.4) 17 (37.0)

RN, radiation necrosis; SD, standard deviation; SRS, stereotactic radiosurgery. Significant p values (p<0.05) in bold.

Systemic Treatment

In the entire cohort, 58.7% of patients received any type of
systemic therapy (i.e., HER2-directed therapy, mitosis inhibitors,
DNA synthesis inhibitors, others) during SRS. Specifically, 43.5%
received a HER2-directed therapy, 2.2% received a mitosis
inhibitor therapy, 8.7% received both HER2-directed and
mitosis inhibitor therapy, and 4.3% received other
systemic therapy.

Receipt of any systemic therapy during SRS did not differ
between patients who did or did not develop RN (60.7% vs
55.6%, p=0.97) (Table 3). However, patients who developed RN
more commonly received more than one agent of HER2-directed

therapy, independent of SRS timing, compared to those who did
not develop RN (75.0% vs 44.4%, p=0.08). A significantly higher
proportion of those who developed RN received more than one
agent of HER2-directed therapy during SRS compared to those
did not develop RN (35.7% vs 5.6%, p=0.047).

DISCUSSION

In our cohort of 46 patients with HER2+ breast cancer and BrM
who received SRS, 60.9% of them were determined to have RN
on imaging. Of the 11 patients with RN who had a BrM biopsy

TABLE 2 | Radiation parameters.

Variable No RN (n=18) RN (n=28) Total (n=46) p-value
Total dose (Gy) 0.19
Mean (SD) 22.9 (3.52) 21.3 (4.37) 21.9 (4.10)

Median [Min, Max] 22.5[18.0, 30.0] 20.0[10.0, 27.5] 20.0 [10.0, 30.0]

Fractions >0.95
1 11 (61.1%) 17 (60.7%) 28 (60.9%)

5 7 (38.9%) 11 (39.3%) 18 (839.1%)

CTV (co) 0.86
Mean (SD) 8.21 (11.3) 9.75 (14.2) 9.15 (13.0)

Median [Min, Max] 5.74[0.312, 44.9] 4.19[0.104, 54.1] 5.15[0.104, 54.1]

Missing 2 (11.1%) 3(10.7%) 5(10.9%)

GTV (cc) (single-fraction only) 0.84
Mean (SD) 4.72 (5.81) 5.82 (8.51) 5.39 (7.51)

Median [Min, Max] 3.27 [0.138, 21.5] 2.60 [0.0264, 34.8] 2.63 [0.0264, 34.8]

Missing 2 (18.2%) 2 (11.8%) 4 (14.3%)

Cl 0.55
Mean (SD) 1.30 (0.240) 1.34 (0.29) 1.32 (0.27)

Median [Min, Max] 1.23[1.03, 1.84] 1.29 [1.03, 2.35] 1.25[1.03, 2.35]

Missing 2 (11.1%) 3(10.7%) 5(10.9%)

V12Gy (cc) 0.59
Mean (SD) 6.55 (6.74) 7.49 (6.20) 7.14 (6.28)

Median [Min, Max] 3.96 [0.947, 20.2] 5.23 [1.66, 23.1] 5.18 [0.947, 23.1]

Missing 2 (11.1%) 3(10.7%) 5 (10.9%)

Cl, conformity index; CTV, clinical target volume; GTV, gross tumor volume; Gy, gray; SD, standard deviation; VV12Gy, volume receiving 12Gy.
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TABLE 3 | Systemic therapy and SRS.

Variable No RN (n=18) RN (n=28) Total (n=46) p-value
Time to first SRS from date of BrM (mo) 0.84
Mean (SD) 4.65 (6.63) 4.33 (7.64) 4.46 (7.19)

Median [Min, Max] 1.03[0.131, 22.0] 0.986 [0, 28.5] 1.00 [0, 28.5]

Agents of systemic therapies, n (%) >0.95
<4 11 (61.1%) 18 (64.3%) 29 (63.0%)

>4 7 (38.9%) 10 (35.7%) 17 (37.0%)

Systemic therapy during SRS, n (%) 0.97
No 8 (44.4%) 11 (39.3%) 19 (41.3%)

Yes 10 (565.6%) 17 (60.7%) 27 (58.7%)

Type of systemic therapy received during SRS, n (%) 0.62
No systemic therapy 8 (44.4%) 11 (39.3%) 19 (41.3%)

HER2-directed inhibitors 6 (33.3%) 14 (50.0%) 20 (43.5%)

Mitosis inhibitors 1(5.6%) 0 (0%) 1(2.2%)

HER2-directed inhibitors + mitosis inhibitors 2 (11.1%) 2 (7.1%) 4 (8.7%)

Other 1(5.6%) 1(3.6%) 2 (4.3%)

HER2-directed inhibitor during SRS, n (%) 0.59
No 10 (565.6%) 12 (42.9%) 22 (47.8%)

Yes 8 (44.4%) 16 (67.1%) 24 (52.2%)

Number of HER2-directed inhibiting agents during SRS, n (%) 0.047
0-1 17 (94.4%) 18 (64.3%) 35 (76.1%)

2 1(5.6%) 10 (35.7%) 11 (23.9%)

SRS, stereotactic radiosurgery; SD, standard deviation; T-DM1, trastuzumab emtansine. “During” SRS defined as 4 weeks prior to through 4 weeks after Day 1 of SRS (an 8 week window).

Significant p values (p<0.05) in bold.

specimen to evaluate, 10/10 who were diagnosed with RN on
imaging were positive for RN on biopsy and 1/1 (100%) who was
not diagnosed with RN on imaging was negative for RN. While
the radiation treatment parameters did not differ significantly
between those who did and did not develop RN, patients with
RN were more often treated with more than one agent of HER2-
directed therapy during SRS, as defined by 4 weeks prior to or
after radiosurgery.

Challenges in Diagnosing Radiation
Necrosis

There is no single best imaging modality used to diagnose RN.
However, in current practice, MR imaging is the most common
modality used to explore RN. Because it is often difficult to
distinguish between RN and recurrence, surgical resection
remains the best way to establish the histopathological
diagnosis of RN along with providing relief from any
symptomatic effects. Depending on the method of assessing
RN, the rate of RN can vary widely from 7% (biopsy-proven)
to 24% (imaging based) (20, 23). Hence, it is possible that our
high rate of RN (60.9%) observed in our study could have been
overestimated based on our primarily imaging-based diagnosis
of RN. Biopsy was available for 10 of the 28 of those diagnosed
with RN, of which all 10 were confirmed. If the rate of RN was
calculated from biopsy-proven RN only, the rate would have
been 21.7% which is still higher than those reported for biopsy-
proven series (24, 25).

Although our ability to make a definitive diagnosis of RN
versus recurrent tumor is currently based on histopathology,
the pathology results can be limited by the variability of
surgical site sampling which can give confounding results in
the presence of both RN and tumor. To augment the current
diagnostic capacity, attention has been focused on identifying

the features and techniques that are important for making the
distinction between RN and recurrence. For example, various
imaging modalities using different sequences have been
studied. Magnetic resonance spectroscopy, diffusion-
weighted imaging, diffusion tensor imaging, and positron
emission tomography (PET), among others, have surfaced as
promising candidates for improving the current diagnostic
rates (26, 27). Specifically for PET, fluciclovine is an amino
acid radiotracer that has recently demonstrated good initial
results for distinguishing RN from recurrent tumor among
patients with brain metastases who were treated with SRS
(28, 29). Furthermore, there also have been efforts to use
radiomics and data mining to develop models that can
effectively differentiate tumor from RN (30).

Significance of the Use of SRS and HER2-
Directed Therapy on RN

BCBrM remains a significant challenge in the current era of
improved extracranial disease control, owing to the lower efficacy
of many systemic therapies in the brain (31). Given that HER2-
driven cancers seem to preferentially metastasize to the brain,
and the apparent brain-penetrance of some therapies (32, 33), we
focused on the HER2-directed therapies. The effect of
combination of HER2- directed therapies and SRS on overall
survival/local control and RN is still unclear. For example,
numerous studies have illustrated the benefit of concurrent use
of lapatinib and SRS on overall survival and RN. Parsai et al.
demonstrated that the use of lapatinib at any time of SRS
administration was associated with improved overall survival
(27.3 vs 19.5 months, p=0.03) with a lower risk of RN (1.3% vs
6.3% at 12 months, p<0.01) compared to those who received SRS
without lapatinib in patients with HER2+ BCBrM (34). Miller
et al. also showed that concurrent use of lapatinib/HER2-
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directed antibody treatment with SRS was associated with a
lower 12-month cumulative incidence of RN (1.3% vs. 6.3%,
p=0.001) compared to those who only received SRS.
Furthermore, Kim et al. reported that the use of concurrent
lapatinib with SRS did not increase the risk of RN compared to
those who underwent SRS only (1.0% vs 3.5%, p=0.13) (35). On
the other hand, the outcomes for T-DMI are suboptimal.
Carlson et al. showed in their case series that the overall rate
of clinically significant RN among the patients in the treatment
group who received SRS and T-DM1 was 57% (36). Geraud et al.
also reported that RN was observed in 50% of patients who
received T-DM1 concurrently with SRS compared to those who
received T-DM1 sequentially to SRS (37). Thus, prior studies
suggest that different agents (i.e. lapatinib as a tyrosine kinase
inhibitor vs T-DM1 as an antibody drug conjugate) within the
same class (HER2-directed) may have different risks on
development of RN. While the current study was unable to
assess differences between specific agents due to low numbers,
this is a question warranting further exploration in future
larger studies.

Although previous studies have looked into the effect of a
specific therapy on the rate of RN for patients undergoing SRS,
they have not considered the effect of different types or the
number of systemic therapies (particularly HER2-directed
therapies) on the development of RN during/following SRS.
We found that a higher number (2 or more) of HER2-directed
agents administered during SRS may increase the risk of
development of RN. This result can be interpreted in two
ways: 1) the toxicity of the HER2-directed therapies increases
when used in combination and concurrently with SRS or 2) use
of more HER2-directed therapies leads to longer survival and the
observed higher rate of RN is a result of time bias. That is, there is
an increased risk for RN in patients who live longer after their
SRS treatment, allowing more time to observe the natural
progression of RN (38). This is further supported by the
observation that the diagnosis of RN was not made in the
patients who deceased before their one-year follow-up.
Nevertheless, our results suggest that timing and number of
HER2-directed therapies matter when considering SRS for this
patient population. These findings may be used to identify the
group of patients with HER2+ BCBrM:s with the highest risk for
RN who would be candidates for preventative strategies in
the future.

Limitations

Our study is limited by its retrospective design which is subject to
selection and misclassification bias. Some patients with HER2+
BCBrM who received SRS and systemic therapy might not have
been included in our cohort if they received their treatment
outside of our institution and were screened out in the initial
phase. Also, the seven patients who were diagnosed with RN via
imaging only could have been misclassified because the
difference between RN and local recurrence is difficult to
discern with conventional imaging techniques. There could
also be confounding factors that may be present that were not
accounted for which could have affected the statistical

significance of the results. Furthermore, our cohort is largely
homogenous with regards to race which is predominantly
Caucasian. Hence, the results may not be applicable to the
greater population. Finally, the small sample size and diversity
of treatment histories (e.g., the wide variety of systemic agents)
contributed to the lack of power to detect statistical difference in
the measured outcomes. The lack of adequate sample size also
made it difficult to draw meaningful conclusions through logistic
regression modeling.

CONCLUSION

Patients with HER2+ BCBrM who receive multiple agents of
HER2-directed therapy during SRS for BCBrM may be at higher
risk of RN. These data suggest during the eight-week window
around SRS administration, if HER2-directed therapy is
medically necessary, use of a single HER2-directed agent may
lead to lower RN rates. Further investigation of next generation
HER2-directed therapies, particularly comparing specific agents,
in a larger cohort of patients will help refine best practices to
minimize RN.
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