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Abstract 

 

Summary 

 
Leptomeningeal disease (LMD), also known as leptomeningeal 

carcinomatosis, is a rare solid cancer complication, in which 

malignant cells infiltrate the layers of the central nervous 

system (CNS), known as meninges. The presented clinical case 

is in a woman with HER 2 positive invasive breast cancer with 

manifestation of late leptomeningeal metastases, 10 years after 

long-term complex treatment. Whole-brain radiotherapy 

(WBRT) and CNS boost-RT of a linear accelerator with the 

Volume Modulated Arc Therapy (VMAT) method was 

conducted. During the radiotherapy, the patient continued her 

treatment with Kadcyla (transtuzumab emtansine) at a 
therapeutic dose of 3.6 mg/kg body weight, administered as an 

intravenous infusion every 3 weeks (21-day cycle). In this 

article, we present the significant reduction of CNS 

leptomeningeal metastatic cells in HER 2 positive breast cancer 

(BC) after whole-brain radiotherapy (WBRT) followed by 

boost-RT combined with Kadcyla targeted therapy (TT). For 

the first time in the world medical literature in English, MRI 

imaging presents the significant effect on leptomeningeal cells 

from BC, 4 months after WBRT combined with Herceptin and 

3 months after self-conducted targeted therapy. In breast cancer 

LMD through the above RT combined with targeted therapy 
we achieved six months of asymptomatic survival with a very 

good quality of life. 
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Introduction 

 
Сentral nervous system (CNS) metastasis occur somewhat 

commonly in breast cancer (BC), and may present long after 

treatment of the primary cancer [1]. In BC, aggressive 

chemotherapy (Ch) has resulted in improved outcomes for 

individuals with advanced disease [2]. The majority of CNS 

metastasis is due to parenchymal brain metastases (BM), with 

leptomeningeal metastatic disease (LMD) comprising a much  

 

 
 

 

smaller number [3]. LMD is common in lung, breast, and renal 

cell cancers and melanomas, and is one of the most devastating 
metastatic disease scenarios [4]. There is currently no generally 

accepted standard of care in the treatment of breast cancer 

LMD [3]. In this article we present the treatment results after 

whole-brain radiotherapy (WBRT) combined with targeted 

therapy (TD) in leptomeningeal metastatic disease of HER 2 

positive invasive ductal BC. 

 

Clinical Case 

 
It concerns a female patient of 48 years of age diagnosed with a 

10-year-old invasive intraductal carcinoma of the right 

mammary gland/рТ2N0M0, G2, positive estrogen and 

progesterone receptors, HER2/+++. Estrogen receptor (ER) and 

human epidermal growth factor receptor-2 (HER2) status were 

determined based on primary breast tumor samples; patients 

with ≥ 1% of nuclear immunohistochemistry staining were 
considered ER positive and HER2 status was defined according 

to current American Society of Clinical Oncology criteria [5]. 

Surgery (quadrantectomy with axillary dissection), adjuvant 

chemotherapy (Ch), radiotherapy (RT) of right breast with 

operative scarring to total dose (TD) 50 Gy, endocrine therapy 

(ETh), targeted therapy (TT) with Herceptin was conducted. 

Two years after the diagnosis et treatment, local relapse is 

manifested, surgically removed by a simple mastectomy with 

subsequent systemic chemotherapy (SCh), Нerceptin and ETh. 

In the next 8 years, a consistent solitary liver and pulmonary 

metastases are diagnosed and surgically removed. The patient 
continues SCh and TT. On the occasion of an epileptic seizure, 

after the CT of the brain with venous contrast, the infratentorial 

metastases in the cerebrum are established. In April 2020, MRI 

of the neuroaxis revealed leptomeningeal brain metastases, 

mainly infratentorial in the cerebellum and medulla oblongata, 

with mild compression of the brainstem. The spinal axis has no 

visible pathological changes (Fig.1, Fig.2). 
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Figure 1:  SAG T1 FLAIR+C, AX T1 FLAIR+C, COR T1 FLAIR+C MR postcontrast images showing hyperintense contrast-

enhancing leptomeningeal brain lesions, mainly infratentorial in the cerebellum and medulla oblongata, with mild compression 

of the brainstem. 

 

 
 

Figure 2: SAG T2 and SAG T1+C postcontrast MR images of the spinal column without leptomeningeal metastases in the 

spinal cord 
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Linear accelerator whole brain radiotherapy (WBRT) with the 

Volume Modulated Arc Therapy (VMAT) to total dose (ТD) 

40 Gy with daily dose (DD) 2 Gy, was conducted (Figure 3), 

after which CNS boost-RT in the cerebellum, medulla 

oblongata, cerebral ventricles and retrobulbar areas bilaterally 

up to ТD 50 Gy with DD 2 Gy (Figure 4). During the 

radiotherapy, the patient continued her treatment with Kadcyla 

(transtuzumab emtansine) at a therapeutic dose of 3.6 mg/kg 

body weight, administered as an intravenous infusion every 3 

weeks (21-day cycle). 

 

 
 

   Figure 3: Linear accelerator whole brain radiotherapy with the VMAT method up to ТD 40 Gy with DD 2 Gy 

 

 
 

Figure 4: Linear accelerator CNS boost- RT with the VMAT method in the cerebellum, medulla oblongata, cerebral ventricles 

and retrobulbar areas bilaterally up to ТD 50 Gy with DD 2 Gy 
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After the completion of the radiotherapy, the targeted therapy 

continues. After 2 months of RT in a month June 2020, a 

control MRI was performed, which revealed a significant 

reduction in leptomeningeal metastases. Residual lesions are 

predominantly in the cerebellum, but metastatic involvement of 

the spinal axis / cervical region is already reported. (Figure 5, 

Figure 6).  

 

 
 

          Figure 5: COR T1 FLAIR+C, SAG T1 FLAIR+C, AX T1 FLAIR+C MR postcontrast images after 2 months of RT 

 

 
Figure 6: SAG T1 FLAIR+C MR postcontrast images of cervical spinal axis after 2 months of RT - leptomeningeal       

metastatic involvement of the spinal axis/cervical region 
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After 4 months of RT and 3 months of targeted therapy alone, a 

control MRI was performed, which showed a reduction in 

leptomeningeal metastases in the cerebellum with persistence 

of lesions in the cervical spinal cord (Figure 7-Figure 11). To 

date, the patient continues targeted therapy and has a good 

quality of life. After the RT described above, combined with 

targeted therapy, we achieved a six-month survival in LMD of 

breast cancer. 

 

 
 

Figure 7: AX T1 FLAIR+C postcontrast and AX T2 MR images after 4 months of RT and after 3 months of targeted therapy 

alone 

 

 
       Figure 8: AX T1 FLAIR+C MR postcontrast images after 4 months of RT and after 3 months of targeted therapy alone 
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Figure 9: SAG T1 FLAIR Fat Sat +C MR postcontrast images of cervical spinal axis after 4 months of RT and after 3 months 

of targeted therapy alone 

 

 
     Figure 10: COR T1 FLAIR+C MR postcontrast images after 4 months of RT and after 3 months of targeted therapy alone 
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Figure 11: SAG T1 FLAIR+C MR postcontrast images after 4 months of RT and after 3 months of targeted therapy alone 

 

Discussion 
 

Leptomeningeal metastases (LM) result from metastatic 

infiltration of the leptomeninges by malignant cells originating 

from an extrameningeal primary tumor site that may be 

extraneural (most common) or intraneural (less common) [6]. 

Furthermore, there is evidence of increasing incidence rates of 
central nervous system (CNS) metastases, including brain 

parenchyma and possibly leptomeninges, in metastatic breast 

cancer [7,8]. Although any cancer can metastasize to the 

leptomeninges, breast cancer (12-35%), lung cancer (10-26%), 

melanoma (5-25%), gastrointestinal cancer (4-14%), and 

cancers of unknown primary (1-7%) are the most common 

causes of solid-tumor-related LM [6]. Overall, LMD likely 

comprises about 11-20% of CNS metastasis [9,10]. Today, it is 

known that LMD occurs in~5% of all cancer patients [11-13]. 

Pathophysiological mechanism of leptomeningeal metastasis in 

breast cancer -The hematogenous metastatic dissemination 
(HMD) of breast cancer cells applies to the choroidal plexus 

localized in the entire ventricular system of the brain, given the 

relatively high cerebral inflow of blood (5 times higher than 

that in the brain parenchyma) and the porous endothelium of its 

capillaries [14,15]. One of main reasons for HMD is that the 

blood brain barrier (BBB) makes the CNS a perfect sanctuary 

for tumor cells. The BBB consisting of endothelial cells, a 

basement membrane, and astrocyte foot processes, is a barrier 

that selectively chooses molecules to enter the CNS [16]. 

Multimodality treatment-There is currently no generally 

accepted standard of care in the treatment of breast cancer LM. 

Surgery (for hydrocephalus), radiation therapy (RT), and 

systemic or intra-cerebrospinal fluid (CSF) chemotherapy (Ch) 

may be considered [3]. With combined treatments, the median 

survival of patients with LM averages several months. Specific 

treatment of LM typically combines systemic and intrathecal 

(IT) chemotherapy and site-specific RT [6]. Molecular 

therapeutic strategies are likely to play an increasingly 
important role in the treatment of breast cancer LM. Although 

the OS of patients with HER 2-positive breast cancer has 

improved substantially in the trastuzumab (T-DM1) era [17-

19], in recent years the incidence of brain metastases among 

these patients has been increasing. Individual case reports and 

case series have shown that IT-trastuzumab may have some 

activity in HER-2 positive breast cancer LM, is potentially 

well-tolerated [6, 20-23] and is associated with significantly 

improved overall survival (OS) [24]. Although retrospective 

studies suggest that systemic treatment may improve the 

survival of BC with LM [25,26], but a number of prospective 

trials of systemic treatments, such as temozolomide, have not 
demonstrated convincing clinical efficacy [27]. The BEEP 

regimen entailed a 21-day cycle of bevacizumab (15 mg/kg) on 

day 1, followed by cisplatin and etoposide (both 70 mg/m2) on 

day 2, then etoposide (70 mg/m2) only on days 3 and 4 [28]. A 

clearer understanding of the role of systemic regimens, 

especially BEEP, in LM is needed to improve the management 
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and prognosis of breast cancer with LM [24]. Radiotherapy 

(RT) is especially important to consider in cases with bulky 

leptomeningeal disease, as the penetration of IT-chemotherapy 

is poor in these instances [29]. Combination chemotherapy and 

RT may be considered in breast cancer LM, especially those 

without active systemic disease or concurrent brain metastasis 

[3]. RT has a positive impact on the quality of life due to the 
alleviation of neurological symptoms [30]. The eradication 

radiation doses required to achieve remission in LMD are 

different and depend on the histology of the tumor, the volume 

of leptomeningeal infiltration and the proximity to critical brain 

structures such as medulla oblongata, pons, chiasm and others. 

In the most common medulloblastoma leptomeningeal disease 

it is necessary to irradiate the entire craniospinal axis up to 

tolerant brain and spinal structures radiation doses, which is TD 

36-40Gy. In adulthood medulloblastoma LMD, after re-

craniospinal RT (in the spinal cord up to TD-24 Gy; cauda 

equina up to TD-28 Gy; in cerebellum up to TD-24 Gy; the two 

hemispheres up to TD-26 Gy and paraventricular up to TD-30 
Gy with DD-1.8 Gy), we achieved complete remission due to 

the extreme radiation sensitivity of medulloblastoma cells [31]. 

In the presented clinical case the patient develops late LMD 

after 10 years of diagnosis and the complex treatment of 

invasive intraductal carcinoma/pT2N0M0, G2, positive 

estrogen and progesterone receptor status and positive 

HER2/+++/. The disease progresses with hematogenous 

metastasis in the lung and liver, despite repeated courses of 

SCh and TT. Patients with cerebral LMD involvement typically 

receive whole brain radiotherapy (WBRT), which is planned to 

involve all neural tissue from the retro-orbit to the upper 
cervical vertebrae [32]. Due to massive leptomeningeal 

metastases in the presented clinical case, whole-brain 

radiotherapy was performed up to TD 40 Gy, and in the places 

of concentrated amount of tumor cells up to TD 50 Gy. The 

radiation dose was overdose due to the higher radioresistance 

of invasive ductal breast carcinoma compared to 

medulloblastoma. During the radiotherapy, the patient 

continued her treatment with Kadcyla (transtuzumab 

emtansine) at a therapeutic dose of 3.6 mg/kg body weight, 

administered as an intravenous infusion every 3 weeks (21-day 

cycle). The unfavorable in the presented clinical case is the 
manifestation of LMD in the cervical part of the spinal cord 

after two months of WBRT and their progression after 4 

months of RT, against the background of self-targeted therapy. 

This means that the initial hematogenous overcoming of BBB 

is followed by the spread of tumor cells along the CSF from the 

cerebral ventricles to the spinal axis. The patient needs to 

discuss spinal RT of the entire spinal axis up to 45 Gy. As a 

result of the combined treatment [whole-brain RT with Kadcyla 

(transtuzumab emtansine)], we achieved an asymptomatic six-

month survival with a very good quality of life. 

 

Conclusions 
 

1. Brain and spinal cord MRI with contrast-enhancement is 

required in the diagnosis of late LMD in the case of 

extracranial solid neoplasms. 

2. LMD breast cancer RT has a different target volume and 

necessary radiation doses, depending on the histological 

appearance of tumor cells, as well as on the volume and 

localization of leptomeningeal metastases. 

3. For the first time in the world medical literature in 

English, MRI imaging presents the significant effect on 

leptomeningeal cells from BC, 4 months after WBRT 

combined with Kadcyla (transtuzumab emtansine) and 3 

months after self-targeted therapy. 
4. In breast cancer LMD through combined with targeted 

therapy the whole-brain radiotherapy up to 40 Gy and 

boost-RT in the places of concentrated amount of tumor 

cells up to 50 Gy, we achieved an asymptomatic six-

month survival with a very good quality of life. 
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	Summary
	Leptomeningeal disease (LMD), also known as leptomeningeal carcinomatosis, is a rare solid cancer complication, in which malignant cells infiltrate the layers of the central nervous system (CNS), known as meninges. The presented clinical case is in a ...
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