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Abstract 

In improved therapeutic capabilities, late progression of locally advanced HER2 positive breast cancer (BC) is increasingly diagnosed 

after complex treatment by expression of late solitary brain metastasis (BM). We present a 35-year-old woman with left invasive ductal 

BC /pT2N1M0, grade G3 with positive estrogen, progesterone and HER2 receptors expression. Complex treatment was carried out, 

including radical mastectomy with axillary dissection followed by adjuvant treatment- chemotherapy (Ch), radiotherapy (RT), targeted 

therapy (TT) with trastuzumab and endocrine therapy with LHRH agonist plus tamoxifen. After 8 years a single brain metastasis has 

been found, extirpated and histologically verified. Postoperative whole-brain radiotherapy (WBRT) up to total dose (TD) 25 Gy with 

daily dose (DD) 2,5 Gy and boost in brain metastasis up to biologically effective dose/BED 49,5Gy was conducted. August-October 

2020 after 1 year of WBRT, against the background of complex treatment with 2 targeted agents/ trastuzumab/pertuzumab and 

endocrine therapy, CT visualized elevated vasogenic peritumor edema with the progress of the mass effect. The only therapeutic 

alternative was re-irradiation of brain metastasis by hypofractionated radiosurgery (HFRS). The purpose of this article is to present the 

efficient healing combination of targeted therapy and HFRS re-irradiation in late solitary BM from HER2 positive BC, not only in 

terms of local control but also on prolonged survival. 
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Introduction 

Improved overall survival rates among patients with brain 

metastases (BM) have led to higher rates of salvage re-irradiation 

in patients with local failure [1]. Large BM can be defined 

according to their diameter or volume, with lesions measuring 

either ≥2 or ≥3 cm in diameter or ≥ 4 cm3 [2-5]. Postoperative 

whole brain radiation therapy (WBRT) should be considered to 

reduce the risk of tumour recurrence for patients who have 

undergone resection of a single brain metastasis [6]. Radiosurgery 

(RS) is increasingly becoming the preferred treatment for BM, not 

only for its efficacy in providing good local control (LC), but also 

for its limited long term toxicity profile, especially regarding 

neurocognitive function when compared to WBRT [7-9]. Post 

operatively, cavities can easily have a diameter >3–4 cm, 

rendering a RS treatment difficult. Larger cavities are thus usually 

treated with a hypo fractionated treatment with doses ranging 

from 24 Gy in 3 fractions to 36 Gy in 6 fractions [10-12]. The 

purpose of this article is to present the efficient healing 

combination of targeted therapy and hypo fractionated 

radiosurgery (HFRS) re-irradiation in late solitary BM from 

HER2 positive breast carcinoma (BC), not only in terms of LC, 

but also on prolonged survival.  

Clinical Case 

We present a 35-year-old woman diagnosed in 2011 with invasive 

ductal left BC/pT2N1M0, grade G3 with positive estrogen, 

progesterone and HER2 receptors expression. Complex treatment 
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was carried out, including radical mastectomy with axillary 

dissection, followed by adjuvant treatment /chemotherapy (Ch), 

radiotherapy (RT), targeted therapy (TT) with trastuzumab and 

endocrine therapy with LHRH agonist plus tamoxifen. In 2015 

the patient has carried out surgical excision of a package 

increased left supraclavicular lymph nodes with histopathological 

result lymphatic metastases from invasive ductal carcinoma. 

Complex treatment is continued with Ch, bilateral adnexectomy, 

TT with herceptin and perjeta and endocrine arimidex therapy. In 

2017 clinical remission has been achieved. In February 2019, a 

headache appeared, and CT and MRT visualized data for a 

solitary brain metastasis (Figure 1). 

 

Figure 1: A / CT of the brain; B / MRI of the brain / February 2019 - Heterogeneous contrast-cumulative periventricular lesion, measuring 5cm / 3 

cm with calcificates, surrounded by vasogenic edema and mass-effect. 

 

Figure 2: Intensity modulated whole-brain radiotherapy (WBRT) by the VMAT method up to TD 25 Gy with daily dose (DD) 2.5 Gy and boost in 

brain metastasis and lateral brain ventricles with DD 2 Gy up to biologically effective dose/BED 49,5Gy. 

In April 2019, partial tumor resection was performed. 

Intraoperative: Line skin incision parasagittal on the right, 5 cm. 

front and 4 cm. behind the skull coronal seam. Sinus sagittalis 

superior (SSS) is visualized. Dura mater opened arched with a 

base to the middle line. Multiple bridge veins draining to the SSS 

were found, hampering interhemispheric access. The right frontal 

lobe is separated and in depth the two arteries cerebri anterior are 

dissected along the corpus callosum. A callosotomy was 

performed. It reached the left lateral ventriculus and located 

foramen Monroe. It came across an intraaxial tumor formation 

touching the lateral wall of the left lateral ventricle. During the 

months May-June 2019, whole-brain radiotherapy (WBRT) was 

conducted up to total dose (TD) 25 Gy with daily dose (DD) 2.5 

Gy and boost in brain metastasis (BM) and lateral brain ventricles 

with DD 2 Gy up to biologically effective dose/BED 49,5Gy 

(Figure 2). 

RT is combined with TT /herceptin 600mg. and perjeta 840 mg. 4 

months after the WBRT with boost of brain metastasis, the brain 

CT establishes a reduction in its size, visibly reduced mass effect 

and reduced perifocal edema on the left (Figure 3). 

After 3 months, the brain CT from February 2020 reported an 

increase left perifocal vasogenic edema. In August 2020 the 

patient had a headache and the CT visualized progression of 

vasogenic edema and frontoparietal mass-effect, causing 

compression and dislocation on the middle line to the right. In 

October 2020 there was a progression of vasogenic edema and 

parietal growth of the mass- effect (Figure 4). 
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From 2019 until October 2020 the patient was treated with TT 

with herceptin and pertuzumab and a daily dose of 4 mg. 

Dexamethasone. After consulting with neurosurgeons, the solitary 

brain metastasis was assessed as an inoperabile, and we decided 

that the only alternative treatment approach was HFRT despite 

the previous WBRT with boost in BM. In January 2021 we 

conducted a HFRT with 3 dose fractions of 6 Gy for three 

consecutive days. For planning target volume (PTV) definition, a 

margin of 1 mm around the contrast-enhancing MRI metastasis 

volume (GTV) was used. In α / β 10 for metastasis, the 

biologically effective dose BED was 28, 8 Gy and the equivalent 

dose (EQD2) was 24 Gy (Figure 5). 

 

Figure 3: CT of the brain A/ 4 months after the WBRT with boost/ October 2019 October 2019 -A reduction in metastasis size, visibly reduced mass-

effect and reduced perifocal edema on the left; В/ 7 months after the WBRT with boost / February 2020- An increase left perifocal vasogenic edema. 

 

Figure 4: CT of the brain A / August 2020- Progression of vasogenic edema and frontoparietal mass-effect causing compression and dislocation on 

the middle line to the right; B / October 2020 with progression of vasogenic edema and parietal growth of the mass- effect. 

 

The total equivalent dose EQD2 for BM from the two RT stages: 

WBRT with boost in BM 49.5 Gy + 24 Gy from HFRT = 73, 5 

Gy. The patient continued her treatment with TT/ herceptin and 

pertuzumab. Three months after radiosurgery, the brain MRI of 

April 2021 reported brain lesion to left to falx cerebri with central 

necrosis, annularly contrasted with vasogenic edema in left 

hemisphere and mass -effect on left lateral brain ventricle (Figure 

6). 

MRI from August 2021 was without dynamics (Figure 7). 

From August 2021 to February 2022, TT continues with herceptin 

and lapatinib. Currently, the patient is in a good overall condition, 

without headaches, with daily maintenance dose 4 mg 

dexamethasone, with difficulty in speaking, without deviations in 

neurological status. 

Discussion 

Brain metastases (BMs) are the most frequent brain tumors, and, 

throughout disease course, 20–40% of cancer patients will 

develop a BM [13]. Surgical excision should be considered for 

patients with good performance status, minimal or no evidence of 

extracranial disease, and a surgically accessible single brain 

metastasis amenable to complete excision [6]. After surgery, 

adjuvant whole-brain radiotherapy (WBRT) allows to 

significantly reduce local and brain recurrence rates, as well as 

the risk of death from neurological cause [6,14,15]. Although 

different fractionation schedules of WBRT do not influence 

survival, it appears that escalating the dose to the metastatic 

lesions increases intracerebral control as well as OS, compared to 

WBRT alone [17,18]. WBRT with 3D conformal boost is a 

feasible technique which improves the quality of life (QOL) of 

patients with a reduced number of brain metastases, regardless of 

the fractionation regime or the total dose administered to the 
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metastatic lesions [19]. HFRS is an efficient treatment option for 

patients with operated BM [20]. Brain metastases larger than 3 cm 

in diameter or producing more than 1 cm of midline shift are 

typically not considered acceptable candidates for single fraction 

radiosurgery (RS) due to an insufficient volume response and an 

increased risk for cerebral edema following RS [21-23].  

 

Figure 5: Hypofractionated radiosurgery (HFRS) with 3 dose fractions of 6 Gy for three consecutive days. For planning target volume (PTV) 

definition, a margin of 1 mm around the contrast-enhancing MRT metastasis volume (GTV) was used. In α / β 10 for brain metastasis, the biologically 

effective dose BED is 28,8Gy and the equivalent dose (EQD2) is 24 Gy. 

 

Figure 6: The brain MRI / April 2021 - The brain lesion to left to falx cerebri with central necrosis, annularly contrasted with vasogenic edema in left 

hemisphere and mass -effect on left lateral brain ventricle. 

A possible advantage of WBRT over HFRS in the post-operative 

setting is the risk of leptomeningeal disease. The rate of 

leptomeningeal spread to meninges and cerebrospinal fluid in 

patients treated with WBRT is 5–12% vs. 14–28% [24-26]. In the 

presented clinical case, postoperative WBRT was required, due to 

the fact that partially operated brain metastasis was localized 

immediately adjacent to the wall of the lateral ventricle, which 

increased the risk of liquid and leptomeningial metastases. For the 

same reason, we also conducted the boost in metastasis and left 

lateral ventricle to biologically effective dose BED 49,5 Gy. After 

7 months from the completion of the WBRT with boost in BM, a 

brain CT found a reduction in BM, as well as the mass-effect, but 

increased periofocal vasogenic edema. In August 2020, the 

patient has a headache. CT reported progression of vasogenic 
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edema and a front-parietal mass-effect, causing compression and 

dislocation of the brain middle line. In October 2020 a 

progression of vasogenic edema with parietal growth of the mass- 

effect was clearly diagnosed. The patient has a strong headache, 

despite the intake of dexamethasone / 3 x 4 mg. and anti-edema 

therapy with mannitol. Due to the axial tumor localization with 

high surgery risk, the only therapeutic alternative was to realize 

HFRS with three 6 Gy fractions for three consecutive days. In α / 

β 10 for metastasase, the biologically effective dose BED is 

28,8Gy and the equivalent dose (EQD2) is 24 Gy. The total 

equivalent dose EQD2 for metastasis from the two RT stages: 

WBRT with boost in brain metastasis 49.5 Gy + 24 Gy of HFRT 

= 73,5 Gy. Data exist concerning the re-irradiation of brain 

tumors to a median cumulative BED (biological equivalent dose 

in 2Gy fractions) of 200Gy, with at least one year between the 

two treatments. Longterm complications related to the retreatment 

were seen in patients with a BED2>204Gy (α:β=2 Gy) [27].  

 

Figure 7: The brain MRI / August 2021 - 8 months after HFRS- the MR image without substantial dynamics with slightly increased vasogenic edema. 

Re-irradiation is frequently undertaken for isolated brain relapses. 

A meta-analysis of brain re-irradiation found no cases of necrosis 

if the total dose (TD) lower than 100Gy (2 Gy daily fraction dose; 

α:β = 2 Gy) was [28]. In humans, there is evidence that the risk of 

myelopathy is low at radiation doses up to a median cumulative 

BED 135Gy, when the time interval between reirradiation is not 

shorter than six months and the dose for each course is <98 Gy 

BED2 [29]. The stereotactic re-irradiation or WBRT was the only 

factor associated with an increased risk of developing a radiation 

necrosis (p < 0.001, Fisher exact test). Among patients that 

received HFRS exclusively, the rate of radiation necrosis at the 

end of follow-up was 6.9% and among the 7 patients treated with 

stereotactic re-irradiation in the surgical cavity, 4 (57%) presented 

with a radiation necrosis [20]. In the presented clinical case after 

8 months of the cerebral metastasis re-irradiation with a HFRT up 

to total equivalent dose EQD2 73.5 Gy, MRI reported annular 

contrasted brain lesion to the left falx cerebri with central 

necrosis, vasogenic edema in left hemisphere and mass -effect on 

the left lateral ventricle. At present, the patient is in a good overall 

condition and quality of life, no headache, a daily maintenance 

dose of 4 mg of dexamethasone, with difficult speeches, and no 

deviations in neurological status. We believe that the difficulty in 

speaking is due to violations of the corpus calosum during the 

partial surgery as well as the subsequent necrosis in metastasis 

due to HFRS. It is known that the two hemispheres in the human 

brain are connected by a thick bundle of nerve fibres called the 

corpus callosum that ensures both sides of the brain can 

communicate and send signals to each other. We observe the so-

called disconnection syndrome that occurs, when the connection 

between the two hemispheres is disrupted, either as a result of 

brain surgery, stroke or trauma. 

Conclusion 

Later-performing solitary brain metastases in locally advanced 

HER2 positive breast cancer are diagnosed as a disease 

progression, despite prolonged complex treatment, including 

surgery, chemotherapy, radiotherapy, hormone therapy and 

targeted therapy. In the case of inoperable brain metastasis, 

locally applied to the brain ventricles, it is necessary to allocate 

WBRT with a boost in metastasis in order to prevent liquid and 

leptomeningial metastases. Radiotherapy should be combined 

with targeted therapy, which needs to continue during the period 

after its completion. In a new progression of brain metastasis, 

after 6 months of previous radiotherapy, it is possible to conduct 

HFRS re-irradiation up to a median cumulative BED 135 Gy. The 

remarkable in this clinical case is that as a result of complex 

treatment, including radiotherapy and targeted therapy, we have 
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achieved a 3-year survival after diagnosis of solitary radical 

nonperabile brain metastasis. 
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