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ZUSAMMENFASSUNG 
 
Herausfordernde Paradigmen und Überschreiten der Grenzen definieren Innovation. Innovation selbst hängt 

vom Wissen ab. Trotz vieler etablierter Therapiemöglichkeiten für Hirnmetastasen bietet die chirurgische 

Resektion eine enorme Entlastung der Krankheitslast. Selbstverständlich bleibt die Rolle der Neurochirurgie 

ein wesentlicher Bestandteil einer interdisziplinären Arbeit. Trotz neurochirurgischer Behandlung erleidet 

ein erschreckend hoher Anteil an Patienten trotzdem eine lokale Progression. Insbesondere wird Alter über 

65 Jahren oftmals als prognostisch ungünstiger Faktor angesehen. Diese Dissertation analysiert daher das 

chirurgische Ergebnis von älteren Patienten über 64 Jahren gemessen am progressions-freien und 

Gesamtüberleben. Als ein weiterer potentieller prognostischer Marker wurde die 5-Aminolävulinsäure-

basierte Fluoreszenz (5-ALA) von zerebralen Metastasen untersucht. Im Rezidivfall haben multimodal 

vorbehandelte Patienten oft eingeschränkte Therapieoptionen, so dass oftmals nur noch die Operation als 

Behandlungsmöglichkeit bleibt. Daher wurde die Prognose von Patienten mit chirurgischer Therapie einer 

Rezidivmetastase bestimmt.  

 

Die vorliegende retrospektive Arbeit zeigte, dass in unserer Patientenpopulation am UKD die lokale 

Progressionsrate bei Patienten > 65 Jahren nach Resektion einer zerebralen Metastase über 25% lag, dass der 

Nachweis von Resttumor im frühen postoperativen MRT der einzige Risikofaktor für ein Lokalrezidiv war 

und dass das mediane Überleben nach Metastasenresektion mit 13 Monaten vergleichbar mit bisher 

publizierten Serien jüngerer Patienten war. In der gesamten Patientenpopulation ohne Alterslimit war zwar 

die 5-ALA-Fluoreszenz von zerebralen Metastasen ein günstiger prognostischer Marker, hatte aber keinen 

Einfluss auf das Ausmaß der Resektion. Nach erneuter Resektion eines Lokalrezidivs konnte eine 

vollständige Metastasenresektion – gemessen am führen postoperativen MRT in ca. 30% der Fälle 

besprochen. Eine definitive Tumorkontrolle konnte nach weiterer Therapie aber in über 90% erreicht werden.  

 

Die Prognose von Patienten mit einzelnen zerebralen Metastasen hat sich in den letzten Jahren zwar 

verbessert, allerdings ist die lokale Progression ein immer noch vollständig gelöstes Problem. Mit 

multimodalen Therapieansätzen und mehrfachen Operation kann allerdings schlussendlich in über 90% eine 

lokale Kontrolle erzielt werden. Die Identifikation von prognostischen Faktoren hilft in der Einschätzung und 

Therapie von zerebralen Metastasen. Unserer Arbeit zeigt, dass die 5-Aminolävulinsäure-basierte 

Fluoreszenz von zerebralen Metastasen zwar keinen Einfluss auf den Operationserfolg hat, aber ein 

unabhängiger prognostischer Marker ist. Alter kann per se nicht als ungünstiger prognostischer Marker 

angesehen werden. 

 

Diese These versucht, unsere Wahrnehmung dieser Pathologie in eine objektive Realität zu verbessern.  
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SUMMARY 
 
Challenging paradigms and pushing the limits defines innovation. Innovation itself depends on knowledge. 

Despite many established therapeutic options for cerebral metastases, surgical resection offers a tremendous 

relief in the burden of disease. Needless to say, the role of neurosurgery still remains a crucial part of an 

interdisciplinary work. However, a high number of patients have a recurrence after surgical resection of a 

cerebral metastasis. Particularly in neuro-oncology, age above 65 years is still defined as a negative 

prognostic factor. This thesis focuses on surgical outcome in patients above 65 years of age after resection of 

cerebral metastases, as well as progression-free- and overall-survival. Additionally, the role of 5-

aminolevulinic acid as a prognostic factor was analyzed. Furthermore, patients with recurrent disease after 

multimodal therapy and relatively reduced therapeutic options, that may only rely on another surgical 

resection were studied. The prognosis of this subpopulation after a second operation was evaluated. 

 

Our retrospective analysis shows a local recurrence rate of about 25% after metastasectomy in patients above 

65 years of age. The only risk factor accountable for local in-brain recurrence was tumor-remnant in early 

postoperative MRI. Mean overall survival was 13 months and comparable with recent studies from younger 

patients. Without an age-classification in cerebral metastases surgery, was 5-aminolevulinic acid a positive 

prognostic factor, however it showed no fluorescence-guided resection benefit. Gross-total resection after a 

second metastasectomy was achieved in about 30% of the patients according to an early postoperative MRI, 

and a definitive tumor-control was attained in over 90% of the patients. 

 

Although the prognosis in patients with a single cerebral metastasis has been slightly improved, recurrence 

still remains a challenge. Multimodal therapy and multiple operations may attain a tumor-control in over 90% 

of the patients. Moreover, identification of newer prognostic factors will help in the assessment and therapy 

of cerebral metastases. Age per se is not a negative prognostic factor.  

 

This thesis tries to enhance our perception of this pathology into an objective reality.  



 

 III 

Abkürzungen/ Abbreviations 
 
CNS   central nervous system 
LM   leptomeningeal metastases 
BM   brain metastases 
BBB   blood-brain barrier 
CSF   cerebrospinal fluid 
CT  computer tomography (from the head, unless otherwise specified) 
MRI   magnetic resonance imaging (from the head, unless otherwise specified) 
MRS   magnetic resonance spectroscopy (from the head, unless otherwise specified) 
fMRI   functional magnetic resonance imaging (from the head, unless otherwise specified) 
DTI   diffusion tension imaging 
FDG-PET  fluorodeoxyglucose-positron emission tomography (from the head, unless 

otherwise specified) 
SPECT  single photon emission computer tomography (from the head, unless otherwise 

specified) mg: milligrams  
NSCL   non-small-cell lung carcinoma 
SCL   small-cell lung carcinoma 
CALLA  common acute lymphoblastic leukemia antigen 
CDX2   caudal-type homeobox transcription factor 2  
CEA   carcinoembryonic antigen  
CGA   chromogranin A  
AFP   alpha-fetoprotein  
CK   cytokeratin 
GCDFP-15  gross cystic disease fluid protein 15  
Hep Par-1  hepatocyte paraffin 1 marker  
MART-1  melanoma antigen recognized by T-cells-1  
MFTP   microphthalmia transcription factor protein  
NCAM   neural cell adhesion molecule  
PAP   prostatic acid phosphatase  
PSA   prostate specific antigen  
RCC   renal cell carcinoma marker 
SYN   synaptophysin 
TTF-1   thyroid transcription factor 1  
WT1   Wilm’s tumor 1 transcription factor 
SRS   stereotactic radiosurgery 
WBR   whole-brain radiation therapy 
KPS   Karnofsky performance scale/status 
RPA   recursive partitioning analysis for the Radiation Therapy Oncology Group 
GPA   graded prognostic assessment 
DS-GPA  disease-specific graded prognostic assessment 
GA   geriatric assessment 
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Preface 

 

Cancer still represents one of the leading causes of death in the world. [1] Nonetheless, the 

prognosis has changed over the years because of the advances of therapeutic strategies, surgical 

and non-surgical, and especially considering the early and higher quality of detection methods. The 

clinical course and prognosis of each patient depends on many factors e.g. age, location of the 

tumor, its histological type and subtype, benign or malignant neoplasia, as well as loco-regional or 

distant spread of the disease i.e. metastases.  

 

Incidence of primary tumors is well defined in men and women. The most common cancer in men 

is prostatic, followed by lung and colon (including rectum). In women breast cancer is the most 

significant, also followed by lung and colon. [2] Possible risk factors for the development of 

neoplasias involve environmental factors, age, acquired predisposing condition, genetic 

predisposition and its interaction with the environment.  

 

All malignant neoplasias are capable of metastasize, however, the frequency of each is different. 

Few inherent characteristics of the tumor, such as lack of differentiation, aggressive local invasion, 

rapid growth and size could probably dictate the likelihood of the tumor to metastasize. Exceptions 

do occur. [3] Prevailing sites for metastases involve bone, lung, liver and the brain. A metastatic 

disease implies a great reduction in the probability of cure. In almost 30% of the patients, a 

metastasis will be present at the time of diagnosis of a primary neoplasia. [4-6,3,7-9]  

 

Brain metastases represent the most frequent intracranial neoplasia, and as a result of improved 

detection and efficacy in controlling the extra-cerebral or extra-axial disease, the incidence of brain 

neoplasias may be increasing. It is well described, that surgery is essential for the proper treatment 

of brain metastases along with an adjuvant radio-oncological therapy.[10-12] Despite an adequate 

treatment, surgical and non-surgical, many patients still present with a local recurrence of the 

resected metastasis. Data on the incidence and risk factors for an in-brain recurrence are lacking. 

Furthermore, due to the advances in treatments of primary tumor and their increased efficacy, no 

information is available regarding risk factors that alter the survival rate or even data on survival 

rate alone in this subgroup of patients. More important, no data is available regarding patients with 

an in-brain local recurrence. 
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Additionally, age is still thought of as a determinant factor for treatment and prognosis in this 

pathology. [13]  

 

There are still many controversies and unresolved issues regarding the optimal line of treatment 

regarding cerebral metastases. 

 

Three publications from the field of neuro-oncology for the treatment of cerebral metastases are 

summarized in this thesis. These publications represent original research from the author and his 

co-workers. 

 

This thesis will provide a brief review of the current literature regarding cerebral metastases, 

followed by a shortened and revised version of the original publications. The original articles are 

annexed within this thesis.  
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1. Introduction and Background 
 

1.1 Definition 
 

Metastasis is defined as the dissemination of neoplastic cells of a primary tumor to another location 

that is not directly next to or connected with the primary neoplasia. As benign neoplasias do not 

metastasize, every metastatic disease is generally considered distinctly malignant. [3]  

 

Central nervous system (CNS) metastatic disease results from the spread of tumors cells originating 

outside the CNS to brain parenchyma, spinal cord, dura, leptomeninges, skull base, cranial nerves, 

peripheral nerves and dural sinuses. [14,15] For the purposes of this study, only metastases in brain 

parenchyma, dura, leptomeninges, skull base and dural sinuses will be included.  

 

Leptomeningeal metastases (LM), also known as carcinomatous meningitis or neoplastic 

meningitis, refers to a desolating complication of an advanced cancer. Even though most remain 

undiagnosed or asymptomatic [16-22], it occurs in up to 5% of all metastatic diseases. [23,24] Its 

survival, in spite of every available or possible therapy, averages three to four months. [25] 

 

1.2 Epidemiology 
 
In order to understand the natural course of brain metastases (BM) or secondary brain tumors, a 

previous analysis of possible primary tumors has to be performed. Table 1 shows the incidence of 

primary tumors, as well as the estimated incidence of metastases to the brain, dura or 

leptomeninges.  

 

Table 1.  
Primary 
Tumor 

Men 
% 

Women 
% 

Mortality Primary 
Tumor Men 

% 

Mortality Primary 
Tumor Women 

% 

Incidence of Brain 
Metastases 

% 
Melanoma 

(skin) 
51 41 N/A N/A 72 

Oropharynx 41 N/A N/A N/A 0.43 

Lung 141 131 281 261 16-202 

Breast N/A 291 N/A 151 52 

Liver 31 N/A 51 31 0.94 
Kidney 51 31 31 N/A 7-102 

Colon & 
Rectum 

81 81 81 91 1-22 

Urinary 
Bladder 

71 N/A 41 N/A 15 
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Prostate 261 N/A 91 N/A 0.7-56 

Leukemia 41 31 51 41 *107 

Non-Hodgkin 
Lymphoma 

51 41 41 31 77 

Uterus N/A 71 N/A 41 1.18 
Thyroid N/A 61 N/A N/A 19 

Pancreas N/A 31 71 71 <110 

Others 201 211 281 301 N/A 
Table 1. Shows the estimated incidence and mortality for primary tumors according to sex, as well 
as incidence of brain metastases from a primary neoplasia. 
N/A: no data/not applicable;  *Leptomeningeal spread 
1: [26]; 2: [27,28]; 3: [29,30]; 4: [31]; 5: [32]; 6: [33,34]; 7: [35]; 8: [36]; 9: [37]; 10: [38] 
 

In descending order, the most common origin of metastasizing neoplasias to the brain are as 

follows: lung, breast, skin, kidney and gastrointestinal tract. [39,40] As previously stated, prostatic 

cancer represents the prevailing cancer in men, however they rarely metastasize to the brain. 

[33,41,42] Although a proper distinction between the incidence of a primary tumor and their BM 

has to be made, the primary tumor histological type dictates generally the frequency and pattern of 

BM. [43]  (See Table 2) A precise incidence of BM from all primary neoplasias is not known. 

Current literature presents many limitations and biases and represents mostly clinical-series or 

autopsy-series. Only a few population-based epidemiologic studies regarding BM are reported in 

the literature and are relatively old. Incidence rates in these studies range from 2.8-14.3 per 100.000 

habitants. [28,44-50,27] Furthermore, cancer registries may also lack information regarding BM. 

As a result, only estimations can be made, although a statistically significant trend of increasing 

incidence of BM has been reported. [28] Some other factors that might explain this increase are the 

aging patient population, as well as the longer survival rates of patients with cancer, and obviously 

an increase in the incidence of primary tumor per se. [43] 

 

Table 2.  
Primary Tumor Localization Incidence of Primary Tumor (%) Cases of BM (%) 

Lung 14 30-60 

Breast 29 10-30 

Melanoma 4 5-21 

Others 53 <5 

Table 2. Shows the distribution of all cases (as a percentage) of BM according to primary tumors 
and their incidence.  
[51-72,26] 
 

BM can occur at any age, but predominantly in adults between the fifth to seventh decade of life. 

Nevertheless, there is some distribution according to age group. Until the age of 15 years, the most 
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significant cause of BM is considered to be hematopoietic. Between 15 to 21 years of age, BM are 

commonly produced by germ-cell tumors. After the second decade of life, the incidence remains 

constant as previously stated. [73,74,51,75-78,52,7,79,80]  

 

BM are not gender selective with a probable exception in melanoma patients, where a male 

predominance exists. [81,82,51] Interestingly, melanoma represents the most capable primary 

tumor to metastasize to the CNS. [83,63,84] This is possibly a result of their shared embryological 

origin, differentiated function and same signaling molecules of both melanocytes and 

central/peripheral nervous tissue. [85] 

 

LM most commonly arise in patients with breast cancer (12-35%), followed by lung (10-26%), skin 

(5-25%) and gastrointestinal malignancies (4-14%), as well as neoplasias of unknown origin (1-

7%). They have a tendency of coinciding with BM in up to 80% of the patients. [86,24,35,23,87-

91] It has also been proposed, that surgical resection of BM, especially piece meal resection or 

incomplete resection, might have an influence on the development of distant BM and LM as a result 

of neoplastic cell spreading. [92-95,40,96] 

 

1.3 Physiopathology 

1.3.1 Basic molecular biology 
 
Parenchyma and reactive stroma are the two key components present in every tumor, they classify 

and even dictate their biologic behavior. [3,97-99] Parenchyma is composed of neoplastic cells, 

whereas reactive stroma has multiple components: various cells originating from the immune 

system, blood vessels and connective tissue. [100,3,101,102,98,99] In general, malignant 

neoplasias are characterized by anaplasia or lack of cell differentiation, although other forms of 

morphological attributes may be present, such as: pleomorphism, abnormal cell nucleus, rate of 

mitoses, loss of polarity and necrosis.[3] As soon as metaplasia or dysplasia ensues and the 

basement membrane is penetrated, it becomes an invasive neoplasia. 

 

As previously mentioned, there are a series of factors playing a crucial role in the cancer risk. Some 

pathological states, such as chronic inflammation, precursor lesions or immunodeficiency could 

also predispose the development of primary neoplasias. [3,97,99] 
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Malignant neoplasias do not differentiate well from the normal surrounding tissue and do not 

present a homogenous, well-defined plane. Some malignant tumors develop a pseudo-capsule, 

which histologically shows an infiltrating pattern to the contiguous tissue i.e. rupture or breach of 

the margin by malignant cells. [3] 

 

Carcinogenesis begins with a mutation or initial damage to the genetic components possibly caused 

by inheritance, environmental factors or spontaneous changes. Furthermore, a clonal expansion of 

these damaged cells ensues. These neoplastic-associated mutations activate proto-oncogenes, 

down-regulate or alter tumor suppressor genes, as well as apoptosis-regulating genes and DNA-

repair-genes. As a result, a genomic instability also referred to as “mutator phenotype” occurs and 

represents the first step to malignancy. Malignant neoplasias also evolve and can also change their 

behavior following therapy. Moreover, epigenetic aberrations i.e. DNA methylation and histone 

modifications may dictate the differentiation of normal or neoplastic cells. Epigenetic alterations 

might be reversible and are currently being investigated as a goal-directed therapy. [3,103-

105,97,99]  

 

It is important to mention that chromosomal abnormalities clearly lead to genetic changes and some 

of these adjustments are greatly associated with specific cancers. [97,99] Table 3 synthetizes the 

accepted cellular development or change distinctive of malignant neoplasia. 

 

Table 3.  

Action Characteristic 

Growth Signals: self-sustaining 

(Proto-oncogenes, Oncogenes 

and Oncoproteins) 

• Proto-oncogenes present multiple actions causing self-sustaining 

abilities: growth factors, growth receptors, signal transducers, 

transcription factors, cell-cycle constituents 

• Promotion of limitless cell growth without any signals 

• Oncoproteins linked to accelerators of cell replication and DNA 

Growth Inhibition: unresponsive 

(tumor suppressor genes) 
• Alteration or suppression of tumor suppressor genes 

functionality 

• Normal cell cycle progression, DNA repair, 

senescence/quiescence and apoptosis compromised 

• Overexpression of growth factors 

Altered Cellular Metabolism 

(Warburg effect) 

• Biochemical alteration in glucose pathways 

• Cell autophagy 
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Apoptosis • Mitochondrial pathway i.e. intrinsic apoptotic pathway 

inactivated 

• Extrinsic pathway might be altered 

Limitless Replication • Cell senescence avoided 

• Elusion of mitotic crisis 

• Self-regeneration of cancer stem cells 

Angiogenesis • Overexpression of inducing signals triggered by hypoxia 

• Loss of inhibiting factors 

Invasion and Metastasis • Interaction with extracellular matrix 

• Selected degradation of extracellular matrix 

• Coupling with extracellular matrix components 

• Cancer cell dissociation and invasion after degrading basement 

membrane 

Evasion Immune Response • Immunoediting i.e. alteration of tumor cell immunogenic 

characteristics 

• Oncogenic viruses’ capacity of production of tumor antigens 

• Overexpression of oncofetal antigens/proteins 

• Modification of cell membrane  

• Diminished or loss of MHC-molecules expression 

• Expression of immunosuppressive factors  

• Regulatory T-cell development causing immunoevasion 

Table 3. Describes the cellular hallmarks of cancer and their characteristics. 
[103,104,3,105,97,106,99] 
 

After creating a favorable and suitable environment for development on the primary organ, 

malignant neoplasia usually continues its path. 

 

1.3.2 Spreading and predisposing localization 
 
Gavrilovic et al. [107] proposed a series of steps, how BM develop. At the primary organ, as 

mentioned before, the cell of origin undergoes an alternate malignant transformation involving 

genetic change, growth, angiogenesis and invasion. After completing this initial development, it 

continues the process with transportation. An intravasation into the blood or lymph vessels occurs 

entering the circulation until it is detained in a small capillary bed, where the neoplastic cell 

extravasates. Then a period of dormancy ensues, promoting angiogenesis and growth. 
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The hematogenous route is the preferred way of spreading by most neoplasias. As a result, the 

anatomical distribution of most BM will follow the distribution of the greater artery i.e. middle 

cerebral artery in the brain. [108] Additionally, the distribution of blood flow to the brain also 

explains the localization of BM (hemispheres 80%, cerebellar 15%, brainstem 5%). [109,107] For 

years it has been taught that the interface between the grey and white matter represents a 

predisposed location for BM because of the characteristic reduced diameter of the arteries at this 

junction, where neoplastic cells get trapped. [108-110] This anatomical or mechanical hypothesis 

is partially discouraged, as this does not happen the same way in every organ. Based on this, the 

seed and soil hypothesis proposed by Paget [111], postulated that neoplastic cells seek (seed) or 

find specific hosts (soil or receptors) and continue the process, which serve as an alternate route of 

spreading.  

 

Neurotropic factors could be responsible for the passage through the blood-brain barrier (BBB) and 

the direct interaction with neural structures. At this site, the preexisting endothelial cells promote 

angiogenesis and proliferation of the neoplastic cells supported by tumor cell vascular endothelial 

growth factor. [112-114] 

 

Other mechanisms of neoplastic cell distribution other than arterial include: (1) spread via Batson’s 

plexus, (2) patent foramen ovale, and (3) centripetal growth. [110,115-117,7,39,60,118,119]    

 

Primary neoplasias present different tendencies in producing single or multiple BM depending on 

their provenance and histopathological features. The three most common metastatic neoplasias (i.e. 

lung, breast and skin) have a tendency of producing multiple metastases. On the other hand, renal 

and gastrointestinal BM are in more than 50% of the cases single BM. [108] Patients presenting a 

miliary pattern of BM (e.g. miliary metastases or carcinomatous encephalitis) most commonly have 

a lung neoplasia as a primary tumor. [120] Interestingly, the most frequent type of metastases to 

the choroid plexus arises, for still unknown reasons, from a renal origin. Furthermore, BM from 

renal or dermatological origin, as well as choriocarcinoma and to a lesser extent pulmonary origin 

are the most vascularized metastases and represent, in some cases, a surgical challenge due to the 

bleeding provoked. A reactive astrocytosis may also be seen by these BM. [108,121,122] Posterior 

fossa BM seem to arise mostly from pelvic or abdominal primary tumors, as well as breast tumors. 

[109,123] 
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1.3.3 CNS barriers 
 
There are three different barriers that control the passage of substances between the blood, neural 

tissue and fluid spaces: (1) BBB formed by the continuous cerebrovascular lining of the endothelial 

cells between blood and interstitial fluid, (2) the epithelium of the choroid plexus between 

ventricular cerebrospinal fluid (CSF) and circulating blood, and (3) the arachnoid epithelium 

between subarachnoid CSF and circulating blood. (See Figure 1) [124] 

 

The BBB is the largest area of exchange between blood and the brain and therefore, controls most 

of the interaction. [125] It represents a highly selective and specialized neurovascular unit, which 

protects all of its contents from the circulating noxa in the blood. [126,43,127]  

 

Different cells form the neuroprotective barrier and produce a special microenvironment, so that 

only selected substances can cross. These cells are capillary endothelial cells and their basement 

membrane, neuroglial membrane, pericytes, neurons and the projections of the astrocytes from the 

neuroaxial side of the membrane, known as glial end feet. [128,127,43] 

 

The specialized microenvironment known as neurovascular unit, transports different substances in 

diverse ways by electrochemical and concentration forces: (1) simple and (2) facilitated diffusion, 

(3) via aqueous channels or aquaporins, and (4) via protein carriers through active transport. 

[43,127,126,129-131]  The BBB differs from other barriers in the body by having tighter junctions 

and having a predisposition for lipid-soluble molecules. [43,128] These junctions form a fascia 

occludentes with one another, decreasing the paracellular transport. [127,132,133] Endothelial cells 

in the BBB have rather few pinocytotic vesicles producing an almost exclusive receptor-mediated 

transport. [127,130]  
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Figure 1.  

 
Figure 1: Shows the three different CNS barrier-sites: (1) BBB or functional neurovascular unit, 
(2) arachnoid epithelium, and (3) choroid plexus epithelium. 
Adapted and with permission from [124].  
 

Several chemical substances in the circulating plasma or produced by cells can cause a dysfunction 

or modification of the BBB. Pathological states can also disrupt the BBB. Table 4 shows the most 

common substances and pathological states that alter the BBB. 
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Table 4.  
Agents Pathology 

• Glutamate, Serotonin, Bradykinin, Histamin 

• Adenosine Diphosphate, Adenosine Triphosphate, 

Adenosine Monophospate, Glutamate 

• Adenosine, Platelet-Activating Factor, Thrombin 

• Phospholipase A2, Arachidonic Acid, Prostagladins, 

Leukotrienes 

• Free Radicals, Nitric Oxide, Endothelin-1 

• Interleukins: IL-1alpha, IL-1beta, IL-6 

• Tumor Necrosis Factor alpha, Macrophage-Inhibitory 

Proteins 1 and 2 

• Steroids, Cyclic Adenosine Monophosphate, 

Adrenomeduline, Noradrenergic Agents 

• Glial-derived Neurotrophic Factor 

• Basic Fibroblastic Growth Factor 

• Polyunsaturated Fatty Acids 

• Transforming Growth Factor-Beta 

• Compliment Derived Polypeptide: C3a-desArg 

• Stroke 

• Trauma 

• Infectious or Inflammatory Diseases 

• Multiple Sclerosis 

• HIV 

• Alzheimer’s Disease 

• Parkinson’s Disease 

• Pain 

• Epilepsy 

• Brain Tumors including metastases 

Table 4. Shows the most common substances and pathological states that alter the blood-brain-
barrier (BBB).  
Modified and adapted from [43,124,134-137] 

 

1.4 Clinical Presentation  
 

Most of the patients with a BM develop symptoms as tumor mass grows causing subsequent 

shifting or disruption of neighboring parenchyma. Peritumoral edema might also ensue creating 

even more disruption. As a result, most of the signs and symptoms tend to be sub-acute or 

chronically progressive. Symptoms might also occur acutely as a result of intratumoral hemorrhage, 

non-communicating hydrocephalus or emboli, resulting in a stroke-like symptoms. [138]  

 

Signs and symptoms in patients with LM occur rather acutely and might be present as multiple 

manifestations, specific and/or unspecific, as every part of the nervous axis could be involved. 

[139,21,19,73,22] 

 

There are specific and unspecific manifestations. These can also be classified according to the 

localization of the metastases, as well as the initiation of the symptoms.  
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Regarding parenchymal BM, headache is the most common symptom affecting around 50% of 

these patients and is usually worse in the morning or even awakens patients from their sleep. 

Cephalalgia can progressively become more critical and commonly associated with nausea, 

vomiting and drowsiness, as a sign of increased intracranial pressure. Focal neurological deficits 

prevail in almost 40% of the patients. Altered mental status, cerebellar signs and seizures are 

present in approximately 30%, 20% and 16%, respectively. [140,141,138] Interestingly, 

papilledema presents in only 10% of the patients. [14]  

 

Patients with skull base metastases normally develop symptoms as the tumor grows and disrupts 

the surrounding structures. Cranial neuropathy, also known as craniofacial pain, is the most 

common presenting symptom in patients with a skull base metastasis (28%). According to the 

location affected, specific clinical syndromes may ensue. The most prevalent in descending order 

are sellar and parasellar syndromes (29%), middle fossa syndromes (6%) and jugular foramen 

syndromes (3.5%).  [142-144] 

 

With regard to dural metastases, the most usual symptoms are headache, cranial neuropathies, 

visual disturbances, altered mental status and seizures, as a consequence of compression or invasion 

of inherent structures, elevation of the intracranial pressure or traction of the dura itself. [145,146] 

 

Spinal cord metastases are a rarity and cause a paresis in almost 90% of the patients. Not uncommon 

symptoms also include back pain, radicular pain, sensory deficits and sphincter dysfunction, as well 

as incomplete spinal cord syndromes. [147,148] 

 

Clinical features of LM are varied, usually multifocal and depend on the affected anatomic location. 

Headache, altered mental status, nausea, vomiting or cerebellar signs are frequently seen with 

cerebral involvement. Cranial nerve affection normally is associated with visual deficits, 

hypoacusis, dysgeusia, dysphagia, hoarseness and facial paresis. Spinal cord affliction presents 

with motor or sensory deficits, pain and sphincter disturbances. [149,150] 

 

Clinical characteristics and their involvement in the patients’ ability to perform his daily/common 

activities have been proposed as predictors on prognosis, which will be discussed later on. 
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1.5 Diagnosis 
 

After completing a thorough history and physical examination of the patient, complimentary 

diagnostic testing has to be attained. Initially, radiological imaging is to be performed, as it will 

detect or diagnose an intracranial tumor. It will also aid on how to proceed with the pathology at 

hand, and secondarily, it will help with the post-interventional evaluation and/or subsequent follow-

up evaluations. Although radiological imaging allows a highly accurate detection and clarification 

of diagnosis, an ultimate diagnosis is achieved only after examining a tissue sample e.g. after 

surgical therapy and histopathological testing. 

 

Nowadays, whole-body scans are performed in some centers on patients with a newly diagnosed 

systemic neoplasia, although no neurologic symptoms are present. As a result, a BM will be present 

in almost 30% of the patients at the time of diagnosis of a primary neoplasia, as previously stated. 

[4-6,3,7-9] Clinical diagnosis of a BM could be challenging in about 10% of the cases, as they 

remain asymptomatic. [140] However, BM may also be the featuring presentation in approximately 

10% of the patients. [151,110] Nonetheless, the central nervous system should be newly screened, 

if a patient with a primary neoplasia presents with new neurological signs and/or symptoms. 

 

Current imaging modalities for the detection, diagnosis and clarification of BM involve contrast-

enhanced computer tomography (CT), gadolinium-enhanced magnetic resonance imaging (MRI), 

magnetic resonance spectroscopy (MRS), functional MRI (fMRI), diffusion tension imaging (DTI) 

for tractography, single-photon emission computer tomography (SPECT) and fluorodeoxyglucose-

positron emission tomography (FDG-PET). [43,152] Of these, gadolinium-enhanced MRI remains 

the imaging modality of choice for the detection and characterization of a BM. 

[153,154,152,155,156] However, clinical status, timing of presenting symptoms and the necessity 

to make an immediate treatment decision are all factors that determine which imaging modality is 

to be chosen. Non-enhanced CT will rule out moderate to severe complications such as hemorrhage, 

hydrocephalus or herniation [156,157] and plays a critical role in unstable patients or in those with 

an acute onset of symptoms.  

 

If a patient presents a contraindication for an MRI, a contrast-enhanced CT will be the imaging of 

choice. Generally, metastatic disease is shown as a well-circumscribed enhancing lesion associated 
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with moderate to severe peritumoral edema at the grey-white matter junction. In some cases, 

multifocality exists. [157,107-110] However, imaging morphology of BM in non-enhanced CT 

ultimately depends on the histological origin. [158]  

 

Cha [156] describes the limitations of contrast-enhanced CT: (1) subtle intraparenchymal changes 

(infiltrative and non-enhancing tumor) are not shown because of the poor soft-tissue contrast 

uptake; (2) a three-dimensional representation of the tumor, especially concerning resolution, 

multiplanes and physiology-based techniques are suboptimal; and (3) it involves the use of ionizing 

radiation and iodinated enhancement agent. These issues are of no concern with the use of 

gadolinium-enhanced MRI, in fact, are opposite. 

Although the history of a patient usually involves a primary neoplasia, some intracranial tumors 

are radiologically difficult to differentiate and subsequent imaging-tests will be needed in order to 

reinforce or discard the diagnosis. There are several entities that could mimic BM radiologically. 

These include primary brain tumors, lymphoma of the CNS, abscesses, encephalitis, hemorrhagic 

stroke, progressive multifocal leukoencephalopathy, demyelinating disease and radiation necrosis. 

[15,14] In some instances, its nature remains unclear until the tissue examination has been 

completed. 

 

1.5.1 Gadolinium-enhanced MRI and physiology-based imaging  
 
As previously stated, MRI remains the imaging of choice for the detection, diagnosis and further 

differentiation of a brain tumor. [153,154,152,155,156] Although different protocols are being 

employed, the most standardized protocol for this pathology uses pre- and post-gadolinium-

enhanced T1-weighted sequences, T2-weighted sequence and Fluid Attenuated Inverse Recovery 

(FLAIR) sequence. [15,14,156,157]  

 

Early postoperative MRI (within 72hr following surgical resection of brain tumors) has also been 

established as part of the protocol in some of the neuro-oncological centers across Europe to assess 

the degree of surgical resection. [159-163] Furthermore, detection of partial or incomplete surgical 

resection of a BM in early postoperative MRI has been associated with a high incidence of local 

recurrence [159] and therefore augmenting its importance. [162] 

 

One of the main distinguishing diagnostic advantages of gadolinium-enhanced MRI T1-sequence 

is to show the typical BBB disruption of BM and should always be analyzed in conjunction with 
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the non-enhanced T1-sequence in order to discard other possible differential diagnoses. Once the 

BBB disruption has been delimited it is safe to assume an inflammatory reaction of the brain, 

manifested as profound vasogenic edema and mostly apparent in the T2-sequence. [156,157] 

 

When evaluating a newly diagnosed neoplasia of the CNS, utmost care has to be taken to 

diagnose/search for a diffuse or multifocal pathology, as well as the leptomeningeal space. 

Considering the previously stated CNS barriers and spreading hypothesis, the hematogenous route 

could easily produce a distribution of neoplastic cells within the subarachnoid space and into the 

leptomeningeal space, and then transported through the CSF to the entirety of the CNS. 

[15,164,73,14] Most of the radiological features of LM are manifested in the ventricular system 

and peripheral CNS. Findings include: nodular patterns of leptomeningeal growth, thickening of 

the leptomeninges, ependymal-cells, tentorium, cortical and basal cisterns enhanced with 

gadolinium, and hydrocephalus. [157,14,164,139,165] However, almost 50% of the patients with 

LM present no radiological characteristics for a LM. [139] In order to confirm the spread of 

malignant cells through the leptomeningeal space, a lumbar punction with cytopathological 

analysis has to be performed. [73,23,162] 

 

1.5.2 Further diagnostic testing? 
 
Nowadays, there are many additional imaging diagnostic tools, yet their usefulness in BM remains 

unclear and may only aid in the characterization of a brain tumor.  [156] MRS, SPECT and FDG-

PET represent molecular imaging tools, which detect all major brain metabolites and correlate their 

biochemistry accordingly to many CNS pathologies. [166] Basically, this procedure differentiates 

biochemical markers in a region of interest, evaluating the type of tissue at hand. [156] Their most 

important roles are to differentiate between recurrence and treatment effect, as well as to analyze 

the response of the neoplasia to therapy. [167-169] As a result, their utility as an initial diagnostic 

tool remains uncertain and it is not part of the basic work-up for BM. 

 

fMRI exemplifies an important characterization of brain activation. [170] Preoperative knowledge 

about the functional surroundings of a brain neoplasia may represent an important development in 

order to achieve a complete resection of the tumor without causing any surgical damage. [171] This 

non-invasive diagnostic tool, combined with DTI for tractography, characterizes, localizes and 

differentiates specific functions of the brain, as well as the important fiber tracts surrounding the 

neoplasia. [170,172] Although they might serve as convenient and useful instruments, fMRI and 
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DTI still deal with some patient-dependent, as well as, tool-dependent limitations.  Patient 

compliance continues to play a key role in performing these tests, but also technical or tool-

dependent difficulties are still being optimized in order to produce the best results possible. 

[172,170,173-183] In addition, intraoperative anatomical variations due to brain shifting could 

further reduce the accuracy of the preoperative diagnostic fMRI or DTI. [184,185] Knowledge of 

the functional anatomy is fundamental and its correlation with intraoperative physiological 

monitoring is by far a more reliable diagnostic and therapeutic tool. 

 

1.5.3 Unknown primary tumors  
 
By definition, BM are secondary brain neoplasias and might be diagnosed as a synchronous, 

metachronous or even as a first presentation of a systemic pathology. Almost 80% of the patients 

have a metachronous presentation. [7] Regarding a first presentation, a thorough history and 

physical examination have to be performed, as well as a CT scan of the thorax, abdomen and pelvis 

to localize the primary tumor, determine the extent of disease and define a therapeutic plan.  

 

Nowadays, PET scan also plays a characteristic role as a staging tool [186,187], but it has not been 

able to demonstrate to be superior to CT scans [188,189] and should only be recommended if CT 

scans showed negative results. [162] In some cases, mammography, bone scan or even serum 

markers could also be useful to determine a primary tumor. Despite all possible diagnostic tools, 

histopathological and immunohistochemical testing, a primary tumor remains unknown in up to 

20% of the patients in autopsy series[190].  

 

1.5.4 Histology 
 
“In no area of surgical pathology, possibly even in all diagnostic histopathology, does the 

pathologist play a more important and crucial role than in the diagnosis of tumors”. [191]  

 

Although BM usually maintain the features of the primary tumor, some may present as poorly 

differentiated metastases, consequently further diagnostic studies have to be performed and, in 

some cases, the primary tumor site still remains unknown.  
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In order to make a proper classification, a sub-classification i.e. an immunoprofile from each tumor 

has to be confirmed. (See Table 5) This profiling has a special importance in patients with an 

unknown primary tumor. 

 

Table 5.  

Tumor + ± or + in a subset - 
Non-Small-Cell Lung 
Carcinoma (NSLC) 

 

CK7, TTF-1*  CK20 

Small-Cell-Lung 
Carcinoma (SCL) 

TTF-1*, CGA, SYN, 
CD56 (NCAM) 

CKs CK7, CK20 

Breast Carcinoma CK7 ER*,PR*, HER2, GCDFP-
15, S-100, mammaglobin 

CK20 

Prostatic Carcinoma PSA, PAP  CK7, CK20 
Renal Cell Carcinoma CD10 (CALLA), RCC  CK7 

Melanoma S-100, HMB-45, Melan-A 
(MART-1), MTFP*, 
tyrosinase 

  

Gastroesophageal 
Carcinoma 

 CDX2*, CK7, CK20, CEA  

Colorectal Carcinoma CK20, CDX2*, CEA  CK7 

Ovarian Carcinoma WT1* CK7, CK20, CA125  
Endometrial Carcinoma CK7, CA125 (MUC16) Mammaglobin CK20 

Hepatocellular Carcinoma Hep Par-1, AFP, CEA, 
CD10, CD13** 

 CK7 

Thyroid Carcinoma TTF-1*, thyroglobulin  CK20 

Squamous Cell 
Carcinoma 

CK5/6, p63* TTF-1* (only in lung) CK7, CK20 

Table 5. Shows metastatic epithelial/epitheloid malignancies and their common immunoprofiles. 
* Nuclear Staining. ** Canalicular pattern of staining 
CALLA, common acute lympphoblastic leukemia antigen; CDX2, caudal-type homeobox transcription factor 2; CEA, 
carcinoembryonic antigen; CGA, chromogranin A; AFP, alphafetoprotein; CK, cytokeratin; GCDFP-15, gross cystic disease fluid 
protein 15; Hep Par-1, hepatocyte paraffin 1 marker; MART-1, melanoma antigen recognized by T-cells-1; MFTP, microphthalmia 
transcription factor protein; NCAM, neural cell adhesion molecule; PAP, prostatic acid phosphatase; PSA, prostate specific antigen; 
RCC, renal cell carcinoma marker; SYN, synaptophysin; TTF-1, thyroid transcription factor 1; WT1, Wilm’s tumor 1 transcription 
factor. 
Adapted with permission from [108]  
 

Histological and immunohistochemical characteristics are correlated with the chemo-

radiosensitivity of a secondary neoplasia and could anticipate the response to the treatment options. 

The histological type and subtype could also represent an indicator on the survival/prognosis of 

each patient. Table 6 shows a list of tumors and their sensitivity to radiotherapy and chemotherapy. 
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Table 6.  

Radiosensitive Chemosensitive 

High 

• Small-Cell Lung Carcinoma (SCLC) 

• Germ-cell tumor 

• Choriocarcinoma 

• Lymphoma 

 

Intermediate   

• Non-Small-Cell Lung Carcinoma (NSLC) 

• Breast cancer 

• Colon cancer 

 

Minimal 

• Renal cell carcinoma 

• Melanoma 

• Sarcoma 

 

• SCLC 

• Lymphoma 

• Germ-cell tumors 

• Breast cancer 

 

Targeted Therapies 

• NSLC 

• Breast cancer 

• Melanoma 

Table 6. Shows the sensitivity of some tumors regarding radiotherapy or chemotherapy.  
[43,192,193] 

 

1.6 Therapy 
 

BM require an interdisciplinary approach and as Chamberlain [110] precisely describes it, 

treatment is a continuum. Regardless of whether the patient is treated conservatively (i.e. 

medically), surgically, with radiation therapy or combined, each patient has to be individualized. 

Not every brain neoplasia is treated surgically, so that all therapy modalities are presented here. It 

is important to mention that less than 30% of the patients with a brain tumor will die as a direct 

consequence of the CNS pathology, but rather from the sequelae of systemic disease. [110,194]  

 

1.6.1 Medical 
 
Initial treatment is symptomatic and the ultimate therapy should be planned according to the 

history, physical examination and diagnostic testing. Each patient needs to be individualized and 

treated accordingly [110], even more crucial, the patient’s wishes for each therapy or therapy in 

general, has to be taken into account. 
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As previously mentioned, most of BM cause a moderate to severe peritumoral vasogenic edema, 

explaining most of the patient’s symptoms. Once diagnosed, initiation of steroids remains the 

mainstay of medical therapy. [110,195-197,14,15] Dexamethasone is the steroid of choice. Its rapid 

onset of action, administration and less side effects make this drug preferential. [197,110,195,15] 

Vecht et. al. [197] showed that a higher dosage does not necessarily mean better results. A dosage 

of 4 milligrams (mg) dexamethasone per day was as effective as 16mg per day in patients with no 

imminent signs of brain herniation and consequently the secondary effects were less. [197] So far, 

no evidence-based data about the dose-response relationship has been determined. [110] The 

quality of life might be reduced due to the side effects of dexamethasone, usually occurring after 

prolonged administration (longer than 3 weeks of therapy). [197,110] 

 

Antiepileptic therapy should only be administered in patients with seizures and not as a 

prophylactic measure. [198,199,15,162] 

 

1.6.2 Chemotherapy 
 
Most chemotherapeutics against systemic cancers are non-lipid-soluble with a large molecular 

weight making the passage through the BBB almost impossible. Although BM cause a disruption 

of the BBB, the use of steroids theoretically restitutes the BBB adding to the impossibility of 

passage of these molecules. Furthermore, patients taking medication which influence the hepatic 

P450 system (via enzyme induction or inhibition) have to be closely monitored since the 

bioavailability of these drugs and/or the chemotherapeutics can be greatly altered. [110,200,14] 

Table 7 shows a partial list of inhibitors and inducers of the hepatic cytochrome P450 i.e. mixed-

function oxidases. 

 

Table 7.  

Inducers Inhibitors 

• Barbiturates 

• Benzo(a)pyrene (tobacco smoke) 

• Carbamazepine 

• Corticosteroids 

• Efavirenz 

• Ethanol 

• Isoniazid 

• Amiodarone 

• Azole Antifungi 

• Chloramphenicol 

• Cimetidine 

• Clarithromycin 

• Cyclosporine 

• Diltiazem 
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• Omeprazole 

• Phenytoin 

• Pioglitazone 

• Primidone 

• Rifampin 

• Eryhromycin 

• Fluoroquinolones 

• Grape fruit juice 

• HIV protease inhibitors 

• Isoniazid 

• Macrolides 

• Metronidazole 

• Omeprazole 

• Quinine 

• Selective Serotonin Reuptake Inhibitors 

• Tacrolimus 

• Zafirlukast 

• Zileuton 

Table 7. Partial list of inducing/inhibiting agents of the mixed-function oxidases system i.e. hepatic 
cytochrome P450.[201] 
 

Needless to say, intrinsic tumor sensibility to the chemotherapeutic medication represents an 

additional factor, as the optimal systemic therapy usually differs from the chemotherapy passing 

through the BBB, resulting in skepticism in the role of chemotherapy in the treatment of BM. 

Therefore, chemotherapy for BM is usually limited to patients in whom radiotherapy was refractory 

or where salvage-therapy is needed, as well as an initial treatment for chemosensitive tumors (see 

Table 6), and is not considered a standard therapeutic approach for every BM. [110,13,162] 

Nevertheless, if the need for intrathecal chemotherapy as a salvage therapy arises, certain 

medications with unclear effect are available. [14] 

 

Newly targeted therapies, such as epidermal growth factor receptor (Erlotinib and Genfitinib) or 

anaplastic lymphoma kinase (crizotinib), both tyrosine kinase inhibitors, appear to have some 

activity against BM, but their use is still controversial and usually combined with radiotherapy. 

[202-212,13] As for Bevacizumab and Temozolomide, which have shown some activity against 

primary brain tumors, the results for BM in combination with radiotherapy are also uncertain. 

[213,214,13] The use of intracavitary carmustine wafers remains also controversial, although some 

results suggest an improvement in local control. [215] 
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1.6.3 Radiotherapy 
 
Radiation therapy, its variants and their indications have been evolving over the past decades. 

Nowadays, radiation therapy is either used as an adjuvant therapy after surgical resection or as 

primary approach as stereotactic radiosurgery (SRS). Whole brain radiation therapy (WBR) alone 

is performed only in specific indications. In order to understand the current radiation therapy 

approach and its indications, a short review will be given.  

 

Goal of every conservative oncological treatment has been to alleviate symptoms, reduce tumor-

mass, prolong the survival, and most important preserving or improving the quality of life. 

Radiation therapy is not the exception. Most of the reported literature since the 1950’s describe a 

decrement in the symptoms i.e. symptom alleviation after radiation therapy. [216-219] 

Unfortunately, not all primary tumors including their secondary brain counterparts are 

radiosensitive and thus represent a difficulty in tumor mass reduction. [220,221] As for survival, 

none of the radiation therapies alone have shown an increase in the survival rate. However, when 

applied as an adjuvant therapy, it impacted positively on it. [222,223] 

 

1.6.3.1 Whole Brain Radiation Therapy Alone 
 
Since the 1920’s, when the first descriptions of WBR or roentgen-ray therapy for the brain was 

introduced [221,224], this type of radiotherapy as a mono-therapy remains the only treatment for 

many patients with BM. [110] The main reasons and/or indications for a WBR alone are patients 

with multiple foci (>3) where distant metastases could also play a role, and salvage therapy.  

[116,117,28,225,226,10,227-235,13] Although it alleviates most symptomatic patients, it has been 

shown to be detrimental to the quality of life because of multiple adverse reactions, especially the 

affection of neurocognitive function. [93,236] Because of the different radiosensitive 

characteristics of each tumor, response is highly irregular and not satisfying. As a monotherapy, 

the probability for long-term local control has been reported between 0-14%. [222,235] It has also 

failed to show a significant raise in the overall survival rates. [237,238]  
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1.6.3.2 Stereotactic Radiosurgery 
 
SRS represents a comfortable and alternative type of radiation therapy. It accesses regions, where 

resection of BM would be impossible without damaging non-affected brain structures. 

Additionally, it can be performed as an ambulatory procedure. [13] 

 

Solitary BM with a diameter of less than 3 centimeters or volume up to 15 milliliters without any 

symptoms or mass effect are the ideal indication for this type of treatment. Nonetheless, SRS is 

also used in patients with ≤3 BM, if those are non-resectable, as well as for local recurrence cases. 

Combination of two radiation modalities, SRS plus WBR, has also been proposed, in order to 

achieve a greater local and distant control. [116,117,28,225,226,10,227-235,13,239-241] Some 

reports indicate a better local and distant control, but unfortunately no difference in the overall 

survival or less adverse effects. [231] Use of SRS for radio-resistant tumors i.e. melanoma, renal 

cell carcinoma and sarcoma remains controversial. [227,234,242] The most common arguments 

against this type of radiation are perifocal symptomatic radio-necrosis and lack of distant control 

of the disease. [13,243,244]  

 

Tendency towards SRS following surgery into the resection cavity has begun. At the moment many 

trials are ongoing and will clarify the possible radiation options for most therapeutic paradigms.    

 

1.6.4 Surgery 
 
Without an immunohistological diagnosis, the initiation of an empirical therapy for BM is not 

adequate and might result in an important reduction in the quality of life, as well as an incorrect 

treatment for the patient. On the other hand, surgery alone for the treatment of BM, either biopsy 

or complete removal, should not automatically be considered as an optimal treatment option, as the 

local recurrence and risk of neurological death from a BM significantly rises. [10] It is essential 

that the extracranial disease be controlled, in order to achieve a benefit from surgery. [162] 

 

In every neuro-oncological surgery, the primary goal remains surgical removal of the pathology 

without infringing any damage. Current indications for surgery are summarized in Table 8. 
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Table 8.  

Indications 

• Symptomatic BM (also applies for multifocality) 

• No history of systemic disease or controlled systemic disease 

• Unclear diagnosis 

• Mass effect (also applies for multifocality) 

• Intratumoral hemorrhage 

• Posterior fossa tumor 

• Recurrence 

Table 8. Describes the current indications for surgical therapy for brain metastases (BM). 
[228,227,10,140,245,246,215,247-250,226,222,110] 

 

1.6.4.1 Surgical technique 
 
According to each patient, every surgery has to be orderly planned. Additional tools such as 

navigation, intraoperative neurophysiological monitoring, ultrasonography, use of aminolevulinic 

acid (5-ALA), fluorescein, indocyanine green, ultrasonic aspirator, amongst others, have to be 

considered. Although in many cases experimental, application of these different devices has 

augmented the precision in localizing the neoplasia, has reduced the craniotomy size, has optimized 

operating time and has achieved complete removal of the pathology. It even allows supramarginal 

resections without damaging the surrounding structures. Nonetheless, they represent only 

supplementary accessories.  

 

Two techniques have been utilized to resect BM: en bloc and piece-meal resection. Most surgeries 

attempt an en bloc resection, as it has been suggested as a factor for decreasing the incidence of 

local recurrence, distant recurrence, LM and complication rate, as well as increased survival. 

[251,252,40,96,162] The philosophy behind this technique advocates lesser tumor violation, 

therefore theoretically no neoplastic cell is able to spread through the CSF or vascular system. This 

technique achieves a complete tumor resection. On the other hand, piece-meal fashion might lead 

to an incomplete removal of the tumor, and more important spreading of neoplastic cells in the 

CNS because of the nature of the resection. 

 

Some studies have shown an infiltration of secondary neoplasias into the surrounding tissue [253-

255], also suggesting a possible “incomplete” removal with en bloc resection or even proposing a 
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more aggressive approach with a supramarginal resection of BM, in order to avoid a tumor-

remnant.  

 

Nowadays, the use of ultrasonic aspiration devices is becoming more common. The way this system 

works is the following: the tissue to be removed, vibrates, accelerates and decelerates within the 

tip and gets fragmented; cavitates, and as the tip continues to work, it produces localized pressure 

waves causing vapor pockets at a cellular level with high water content originating a rupture and 

suctioning of the tissue. [256] Fragmented debris not suctioned by the device could also represent 

a possible spreading of neoplastic cells, but no evidence-based data is available at the moment. 

Combination of an en bloc resection with the use of an ultrasonic aspiration device to achieve a 

supramarginal resection might represent a more precise surgical option, if the area operated upon 

allows it without infringing any damage. For piece-meal resection, the use of such ultrasonic 

aspiration devices should be standard in order to remove as much BM as possible, without leaving 

remnants behind. As a result of a peace-meal resection, a higher incidence of neoplastic cell 

spreading (i.e. LM) should be expected. This would also apply for cystic BM, if the cyst ruptures 

during the operation. 

 

1.6.4.2 Number of metastases 
 
Currently, elective treatment with SRS and surgery are reserved for patients with ≤3 BM. In acute 

settings, each therapy has its indications. Resection of multiple BM has also been proposed, when 

patients have an indication for surgery and meet the prognostic criteria mentioned later on. 

[249,250,257] Complication rates remain unaltered, whilst the survival benefit increases 

significantly. [250,258] 

 

SRS for ≥4 BM has also been proposed [259], but as mentioned before, a greater local and distant 

control might be achieved with a combination of WBR and SRS. Adverse effects, especially with 

WBR, need to be previously discussed. [116,117,28,225,226,10,227-235,13,239-241]  

 

1.6.4.3 Local control after surgery and recurrent disease 
 
As mentioned before, intracranial disease can only be treated if extracranial pathology is absent or 

controlled. Surgery as a monotherapy is not an option. Surgical resection of BM without adjuvant 

therapy would raise the probability of death from neurological causes. [260,246,261,262] Herein 

lies the importance of local control after surgical resection.  
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Multiple studies have demonstrated that although surgical resection with concomitant adjuvant 

radiotherapy represents a better local and distant in-brain control, it has not yet showed a significant 

improvement in the overall survival. [223,222,247,10]  Still, surgery alone in almost every case is 

no rational option. Nowadays, rigorous guidelines for each type of therapy are set in order to 

achieve the best evidence-based treatment possible and optimal local and systemic control. [162] 

 

Despite the fact that recurrent disease represents a deterioration in the prognosis for patients with 

BM if left untreated, choice of treatment for recurrent disease remains controversial. [249] 

Additional surgery for recurrent BM offers an improvement in quality of life, as well as 

prolongation of survival. [249] Surgery continues to be an alternative for patients treated with SRS, 

if a recurrence ensues. Some studies report a better prognosis in patients who underwent surgery 

after having had a recurrence following SRS. [263] Apparently, time-to-recurrence plays a 

significant role as a prognostic factor. The bigger the interval, the better the median overall survival. 

[249,264] Other suggested factors which would potentially contraindicate surgery are:  presence of 

active extracranial disease at time of recurrence, Karnofsky performance status scale (KPS) equal 

or less than 70, less than 4-6 months interval between first surgery and recurrence, age above 40 

years, and primary tumor type (breast cancer and melanoma), as well as postoperative tumor 

remnant in MRI after the first surgical therapy. [264,265,249,159,162,246] Unfortunately, most 

patients with recurrent disease will have at least one or two of these characteristics. 

 

Palliative interventions with radiotherapy (WBR and SRS) or chemotherapy, as a salvage therapy, 

could also be an alternative. As mentioned before, adverse reactions, incompliance, 

contraindications or unclear benefit have to be accounted for and each patient must be 

individualized. 

 

1.6.4.4 Surgical palliative interventions 
 
The implantation of a device, such as an Ommaya or Rickham Reservoir, or CSF derivation 

procedures should always be considered as a surgical option. In some instances, intrathecal 

administration of adjuvant therapy is indicated. In those cases, an Ommaya or Rickham Reservoir 

plays a significant role. Furthermore, some unresectable BM could compromise the CSF dynamics 

causing a secondary hydrocephalus and consequently, the necessity for derivation of CSF. Both of 
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these surgical alternatives are usually considered as palliative interventions. [194,14] As mentioned 

before, every case should be individually assessed.  

 

1.6.5 Prognostic factors 
 
According to the current literature, most of the surgical procedures are performed after careful 

selection of patients depending on different factors. However, if the established criteria are strictly 

followed, the number of possible surgical candidates with BM is significantly reduced to about one 

third. [266] For this reason, most patients can only rely on non-surgical treatment with a suboptimal 

survival rate.  

 

Currently there are many tools aiming to assess the prognosis in patients with BM. The most 

commonly utilized are the recursive partitioning analysis (RPA), also known as the Radiation 

Therapy Oncology Group recursive partitioning analysis, and the graded prognostic assessment 

(GPA) with its disease-specific variant (DS-GPA). Both assessment tools use several factors to 

predict a prognosis. [267,268,260] RPA classifies patients into classes I, II and III and depending 

the class so is the median survival in descending order. [260] GPA and its variant DS-GPA gives 

patients a specific score according to the factor evaluated. A higher score means a greater median 

survival. [267,268] Tables 8 and 9 give an insight of both evaluation instruments. One of the key 

factors to be evaluated in both assessment tools is the KPS or a simplified form of the KPS. First 

described in 1948 [269], KPS remains the cornerstone for evaluation and prognosis in cancer 

patients (see Table 10). In both tools, age still represents a limitation when it comes to prognostic 

grading with ages over 60-65 set as a cut-off point for worsening of prognosis (see Tables 9 & 10). 

[260,13,270,267,162]  

 

Table 9.  

Class Prognostic Factors Median Survival (months) 

I KPS ≥70 

Age <65 years 

No other metastases 

Controlled primary neoplasia 

7.1 

II All others 4.2 

III KPS <70 2.3 

Table 9. Describes the RPA classes, its factors and accordingly, their median survival in months. 
KPS: Karnofsky performance scale/status 
Adapted from [260] 
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Table 10.  

Factor Points 0 Points 0.5 Points 1  GPA Score Median Survival (months) 

Age >60 50-59 <50  0-1 2.6 

KPS <70 70-80 90-100  1.5-2.5 3.8 

Number of BM >3 2-3 1  3 6.9 

Extracranial 

metastases 

Present - Absent  3.5-4 11 

Table 10. Depicts the GPA scoring according to the prognostic factors and how the score reflects 
median survival. 
KPS: Karnofsky performance scale/status; GPA: graded prognostic assessment; BM: brain metastases 
Adapted from [267] 
 

Table 11.  

Criteria Score Definition 
Normal, no complaints, no evidence of disease 100 No special care is needed. Able to carry on 

normal activity and to work. 
Able to carry on normal activity, minor signs or 

symptoms of disease 
90  

Normal activity with effort, some signs or 
symptoms of disease 

80  

Cares for self, unable to carry on normal 
activity or to do active work 

70 Unable to work, able to live at home, care for 
most personal needs. A varying amount of 

assistance is needed. 
Requires occasional assistance, but is able to 

care for most of his needs 
60  

Requires considerable assistance and frequent 
medical care 

50  

Disabled, requires special care and assistance 40 Unable to care for self. Requires equivalent of 
institutional or hospital care. Disease may be 

progressing rapidly. 
Severely disabled, hospitalization is indicated 

although death not imminent 
30  

Very sick, hospitalization necessary, active 
supportive treatment necessary 

20  

Moribund, fatal processes progressing rapidly 10  
Death 0  

Table 11. Describes an adaptation of the original Karnofsky performance status scale (KPS) 
initially described as “performance status”. 
Adapted from [269] 
 

It is quintessential to have a primary tumor control. Absence or controlled extracranial pathology 

would represent a better prognostic factor, better loco-regional control of the disease, as well as 

prolongation of survival. [267,260,13,270,15,162]  
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Nowadays, morbidity and mortality associated with neurosurgical removal of a BM has 

considerably progressed. Clinical improvement has been shown in up to 84% of the patients after 

surgery [250], as well as an increase in the KPS of about 33-59%. [269,271,194] Data suggest an 

estimated 30-day mortality rate after surgical removal of a BM to range about 1.9-5%. [271,272]  

 

1.6.6 Age-dependent treatment? 
 
Life expectancy and declining birth rates in Western societies are causing a demographic shift 

towards old age. [273] Inevitably, ageing precipitates biological and psychological changes, 

diseases and different conditions. Ortman et. al. [274] expect that in the year 2050 20% of the 

population in USA will be over 65 years of age. Most cancers, not necessarily BM, appear in 

patients above 65 years, yet this subgroup is mostly excluded from clinical trials and remain 

undertreated. [275] More attention has to be paid to this subgroup. Unfortunately, when a patient 

over 65 years of age is diagnosed with cancer, stratification occurs in order to predict or assess their 

prognosis. Advanced age remains a negative prognostic factor for cancer patients and automatically 

disqualifies patients for some types of treatment without any evidence of its benefit or deleterious 

effect.  

 

Geriatric assessment (GA) has been proposed in order to give a full evaluation of this subgroup of 

patients. Its components include functional status (physiological reserve), comorbidities and 

medications, cognition, nutritional and psychological status, social support and advanced care 

planning. GA might represent more valuable prognostic information, early identification and 

treatment of conditions that might have otherwise been unrecognized, and simplifying the 

individual approach for each patient above 65 years of age. [276-280] Regrettably most often it is 

not being considered during the decision-making process for cancer, even less so for BM. 

Rothenbacher et.al. [281] showed that active involvement in the decision-making process was 

preferentially performed in patients under 60 years with higher KPS. Patients above the age of 60 

preferred a more collaborative/conjoined or passive role. However, patients’ age should not be an 

automatic disqualification for oncologic surgery, as the impact of treatment on the quality of life is 

substantial after individualization. [275] Nowadays, operations can be performed safely in elderly 

patients without severe comorbidities. To our knowledge, there is no significant data that rigorously 

contraindicates an operation because of the patients’ age. [275] Yet again, this subgroup is mostly 

excluded from clinical trials so that evidence-based data is non-existent.  
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2. Objectives 
 

Brain metastases (BM) are the most frequent brain tumor. Recurrence rate after treatment is about 

40-60%. Age is still thought of as a determinant factor for treatment and prognosis in this pathology.  

Increasing rates and longer-term observations have resulted in newly found issues and 

consequently, in confrontation with further concerns. To the best of our knowledge, no studies have 

analyzed the risk factors for local in-brain recurrence after surgical resection of brain metastases, 

especially in patients above 65 years. Additionally, the increasing expected lifespan, early and 

superior diagnostic modalities, as well as improved conservative treatments result in a higher 

demand in prognostic tools and surgical optimization, even a second or third surgery. 

 

The publications summarized in the present thesis identify and address some of the current nuances 

in cerebral metastases surgery, namely: 

 

1. Establish the risk factors for local in-brain recurrence after surgical resection of brain 

metastases in patients above 65 years of age 

2. Analyze complications after surgery of brain metastases in elderly patients 

3. Determine the impact of protoporphyrin IX-fluorescence on the local progression-free and 

overall survival  

4. Identify the risk factors of further local in-brain progression after re-craniotomy for locally 

progressive cerebral metastases  

5. Question treatment and prognostic paradigms 

 

These concerns are addressed by three different retrospective analysis focusing on the following:  

 

1. risk factors for in-brain local progression in elderly patients after resection of cerebral 

metastases 

2. implication of 5-ALA fluorescence of cerebral metastases on local recurrence and overall 

survival 

3. predictors for a further local in-brain progression after re-craniotomy of locally recurrent 

cerebral metastases 
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The first publication summarized represents a first authorship. The second publication also 

represents a first authorship, but with equally contribution/distribution. The third publication is co-

authored.  
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3. Original publications 
 

3.1 Risk factors for in-brain local progression in elderly patients after resection of cerebral 

metastases 
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Risk factors for in-brain local 
progression in elderly patients after 
resection of cerebral metastases
Christopher Munoz-Bendix  , Marion Rapp , Hendrik-Jan Mijderwijk , Christiane von Sass ,  
Maxine Dibué-Adjei , Jan Frederick Cornelius , Hans-Jakob Steiger , Bernd Turowski , 
Michael Sabel  & Marcel A. Kamp

Intracranial metastases are the most frequent brain tumor with recurrence rates after treatment of 

Recent studies analyzing the impact of metastasectomy in elderly patients focused on reporting 
perioperative mortality and morbidity rates but not on the evaluation of oncological outcome 
parameters. Aim of this study is to determine risk factors for in-brain local recurrence after brain 

studied. Clinical, radiological and perioperative information was collected and statistically analysed. 

±
=

factor for development of local in-brain recurrence after resection of cerebral metastases in patients 
=

is the only risk factor for local in-brain recurrence. Oncological parameters in the present cohort do not 

on the impact of metastasectomy in elderly patients delivering high quality reliable data are required.

Although the exact incidence of cerebral metastases from solid cancers is unknown, intracerebral metastases 
are the most frequent brain tumors with a 3–5 times higher incidence than newly diagnosed primary malignant 
brain tumors each year1,2. Incidence of cerebral metastases was considered to increase from 2.8–11.1 per 100,000 
population in the years before 1990 to an incidence of 7–14.3 per 100,000 population in more recent studies1. 
Cumulative incidence of cerebral metastases may be age-related as the highest cumulative incidence is observed 
in patients with primary breast cancer at the age between 20 and 39 years, in lung cancer patients at the fifth 
decade and in malignant melanoma patients at the sixth decade of life3. Cumulative incidence is considered to be 
lowest for all primary cancers in the age group above 70 years, with exception of melanoma3.

Despite the presumably lower incidence of cerebral metastases in elderly patients, incidence in this subgroup 
increases due to the high number of elderly patients, general increase of occurrence of cerebral metastases, 
improved diagnosis of brain metastases and better treatment of the primary cancer. Moreover, age above 60 years 
was one major risk factor for impaired overall survival (OS) in an early prospective randomized study comparing 
combined treatment of surgery and adjuvant whole-brain radiation therapy (WBRT) with an exclusive WBRT4. 
A recent individual patient data meta-analysis of 3 randomized trials of stereotactic radiosurgery (SRS) with or 
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without WBRT for 1 to 4 cerebral metastases suggested that age might be a factor influencing the efficiency of 
an adjuvant WBRT following SRS. For patients <50 years of age, SRS alone favoured survival and an additional 
WBRT did not impact the distant in-brain progression rate. Adjuvant WBRT significantly decreased the risk of 
new cerebral metastases without affecting the OS in patients aged >50 years5. Some recent retrospective studies 
reported age as a risk factor for a reduced survival6. Age is therefore still considered to be a determinant of treat-
ment and prognosis in this pathology in recent guidelines7.

The Dutch prospective and randomized study (surgery and WBRT vs. WBRT alone) identified age as a major 
determinant for OS4,8. However, patients included in this study were recruited between 1985 and 1991, a preop-
erative MRI to diagnose single intracerebral metastases was not mandatory and histological confirmation of the 
presumed metastasis was not necessarily required prior to treatment. Since the end of the 1980s, advancements in 
pre- and postoperative diagnosis and surgical techniques have been made9–19. Recent studies analyzing the impact 
of metastasectomy in elderly patients focused on reporting perioperative mortality and morbidity rates but not on 
evaluation of oncological outcome parameters.

Aim of the present retrospective study was therefore to analyze the progression-free and overall survival, rate 
of local in-brain progression and complications after surgery of brain metastases in elderly patients over the age 
of 65.

Methods and Materials
Study design, inclusion and exclusion criteria. This study represents a clinical and radiological retro-
spective analysis of a consecutive series of patients treated for intracranial metastases at a large European tertiary 
care centre. This study involved the review of clinical records as part of medical care. We retrospectively studied 
and analysed medical records and their corresponding radiological diagnostic tests of every patient presenting 
with histologically confirmed brain metastases from October 2009 until September 2016.

Inclusion criteria were: (1) histological diagnosis of an intracranial secondary tumor, (2) operated only at 
our institution, (3) between October 2009 and September 2016, (4) pre- and postoperative MRI (pre- and post 
gadolinium-enhanced T1-weighted sequences, T2-weighted sequences and Fluid Attenuated Inverse Recovery 
(FLAIR)), (5) clinical and radiological follow-up at our institution, (6) age older than 65 years.

Exclusion criteria included: (1) other tumor than cerebral metastases (primary brain tumor, small cell lung 
cancer, neuroendocrine or sarcoma metastases and lymphoma) (2) prior surgical treatment at a different insti-
tution, (3) exclusively palliative or no neuro-oncological treatment, (4) previous treatment with the following: 
biopsy, stereotactic biopsy, radiotherapy and/or SRS, and (5) preoperative diagnosis of leptomeningeal carcino-
matosis (LC).

Surgery. All patients included in this study received surgical treatment for one cerebral metastases, although 
patients with more than one metastasis were also considered for surgery. Indication for surgical treatment of one 
cerebral metastasis in patients with 2 or more cerebral metastases was (1) symptomatic lesions, (2) mass effects 
(3) no history of systemic disease or unclear diagnosis, (4) intratumoral hemorrhage, and (5) large posterior fossa 
tumors.

Intraoperative frozen sections were obtained in all patients. After the histological diagnosis of a cerebral 
metastasis by frozen section, standard white-light assisted – and if possible – en bloc circumferential resection 
was performed. Surgery integrated the intraoperative use of ultrasound (ProSound alpha7, Hitachi Aloka Medical 
America Inc., U.S.A.), neuro-navigation (Brainlab Navigation System, Brainlab AG, München, Germany) and 
awake surgery using an asleep-awake-asleep protocol as described before for patients with eloquent located 
cerebral metastases11. An eloquent brain region was defined as a cortical or subcortical brain area where we 
expect intraoperative stimulation to elicit changes in neurologic conditions (particularly regarding speech, move-
ment and tactile sensation) or to elicit a response in electrophysiological recordings in corresponding areas11,20. 
Adjuvant therapy was individually decided upon in every case after histological diagnosis in an interdisciplinary 
tumour board. Recommendations for adjuvant radiation depended on various parameters such as number of 
cerebral lesions, degree of resection, Karnofsky Performance Scale (KPS) and the patient preference.

Additionally, pre- and postoper-
ative clinical characteristics of the patients, preoperative performance scale, localization, number of metastases, 
characteristics and classification of the tumor, treatment and incidence of each primary tumor, extent of surgical 
resection, fluorescence of the tumor, use of intraoperative monitoring, perioperative complications, periodically 
follow-up visits, recurrence, time to recurrence, loco-regional or distant metastases, neoadjuvant/adjuvant/pal-
liative therapy, survival, cause and date of death (if applicable) were collected from charts and electronic records 
and analyzed.

Pre-, postoperative and follow up clinical assessments were standardized using the National Health Institute 
of Stroke Scale (NIHSS). Degree of surgical resection was verified by early postoperative 1.5T-MRI as described 
before16. A senior neurosurgeon and neurological radiologist performed the radiological analysis. After surgery, 
patients were followed-up including a contrast-enhanced MRI every 3 months.

Local in-brain-progression/recurrence was defined according to the RANO criteria21, as an increase 
by 20% from the initial longest diameter of the target lesion with an absolute 5 mm growth, as measured in 
contrast-enhanced T1, T2 and diffusion sequences. Radiological postoperative evaluation of the resection cavity 
was defined as inconclusive when characteristics such as postoperative blood residues, pronounced vessels, reac-
tive tissue, suboptimal image quality were present16. Distant in-brain-progression was defined as appearance of 
new metastasis distant to the site of the resected metastasis (distance to the resection cavity of at least 2 cm). Dural 
inclusion of cerebral metastasis and leptomeningeal carcinomatosis (LC) were interpreted as different radiolog-
ical entities. Dural inclusion explicitly represented radiological or intraoperatively verified contact of the dura 
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with the brain metastases (BM) with no additional radiological signs of LC. LC was diagnosed by cranial MRI 
showing a diffuse enhancement of meninges or by lumbar puncture and confirmation of malignant tumour cells 
in the cerebrospinal fluid (CSF). Time to in-brain-progression was defined as time between surgery and diagnosis 
of the in-brain-tumour progression. The overall survival was considered as time span between surgery and death.

Statistical analysis. Follow-up ended in April 2018 and the database was finalized shortly thereafter. All 
statistical analyses were performed with SPSS software (Version 22.0, -IBM-, USA). Data is presented as the 
median and standard deviation. Descriptive statistics including mean and standard error of mean were calculated 
for all continuous variables. The Chi-Square-test was used in nominal variables to identify significant differ-
ences. Contingency tables were performed according to the number of possible answers. As multiple statistical  
testing was performed, the significance level according to Šidák’s and Bonferroni’s correction: Šidák’s and 
Bonferroni-correction revealed an adjusted p-value of 0.0051 or 0.005, respectively.

Ethical statement. Data acquisition, radiological interpretation, as well as an analysis of both, were 
approved by the institutional research ethics board (Medical Faculty, Heinrich-Heine- University, Nr. 5713). 
For every patient treated at our institution with any brain pathology we obtained an informed consent allow-
ing a retrospective analysis of the data, as well as the inclusion of the pathological specimen in an institutional 
tumor-bank.

Results
Patient’s characteristics. A total of 78 patients aged 65 or above were included; of these 50% were female 
(39 patients). The median age was 71 years (66–83). In our series, 50 patients (64.1%) presented a single metasta-
sis, 18 patients (23.1%) had two or three cerebral metastases and 10 patients (12.8%) presented more than three 
metastases. All patients were required to be in good clinical condition to be eligible for surgery. Every patient had 
a preoperative Karnofsky Performance Scale (KPS) of 70 or more. The median preoperative KPS was 90 ± 9.8 and 
the median pre-operative NIHSS was 1 ± 1.9 (0–10).

The most common primary tumor type was non-small cell lung carcinoma (NSCLC) in 35 patients 
(44.9%). Adenocarcinoma was the most frequent histological diagnosis and was present in 58 patients (74.4%). 
Epidemiological features of the present patient population are summarized in Table 1.

Treatment. Surgery was performed as an en-bloc resection in 40 patients (51.2%) and as piece-meal resection 
in 38 patients (48.7%). Early postoperative-MRI verified a complete removal in 41 patients (52.6%) and showed a 
tumor-remnant in 15 patients (19.2%). In 22 patients the MRI result was inconclusive (28.2%).

No patient experienced a severe complication due to surgery, such as surgery-associated death or 
cardio-pulmonary complications. The median post-operative NIHSS was 1 ± 1.4 (0–6). The median 
post-operative NIHSS was 1 ± 1.4 (0–6). Therefore, median post-operative NIHSS was not significantly improved 
in comparison to the pre-operative NIHSS (p = 0.16; Fig. 1) The NIHSS improved after surgery in 28 patients 
(35.9%), decreased in 9 patients (11.6%) and was unchanged in 41 patients (52.6%).

As local adjuvant treatment, almost half of the patients received whole brain radiation therapy (37 patients, 
47.4%) and in 15 patients no adjuvant therapy was performed (summarized in Table 1).

A total of 20 patients above 65 years of age (25.6%) 
presented a local recurrence with a median time-to-local recurrence of 3 ± 2.9 months (0–10 months). 23 patients 
(26.9%) developed distant metastases and 13 patients (16.7%) carcinomatous meningitis. (See Table 2).

According to statistical correlation, the only factor statistically significant for the development of local in-brain 
recurrence after resection of cerebral metastases in patients above 65 years of age was a tumor-remnant in the 
early postoperative MRI (p = 0.00005). In our series no other risk factors such as sex, localization, number of 
metastases, preoperative KPS and NIHSS, postoperative NIHSS, primary tumor site, histology, type of surgical 
resection and type of adjuvant radiation, could be identified (each p > 0.05).

A total of 8 patients (10.3% on May 22nd 2018) were still alive at the end of the study and continued with the 
scheduled follow-up visits. Two of these 8 patients suffered from local recurrence. The median OS was 13 months. 
Kaplan Meier estimates for OS and local in-brain progression are shown in Fig. 2.

Discussion
The main results of our analysis are as follows: (1) the local in-brain recurrence after surgical resection of a BM in 
patients above 65 years of age is 25.6% with a median time to occurrence of three months; (2) in patients above 65 
years of age tumor-remnant in an early postoperative MRI was the only risk factor for local in-brain recurrence 
and (3) the median overall survival was 13 months in the present series.

Most studies analyzing the impact of cerebral metastasis resection focus on reporting perioperative morbidity 
and mortality rates but omit oncological outcome parameters such as (local) in-brain progression and survival. 
Median overall survival was 13 months after metastasectomy in the present retrospective series of elderly patients 
aged 65 years and over. It ranged between 2.8 and 18 months in recent prospective randomized and controlled 
phase III trials including surgery as treatment of cerebral metastases (e.g. 11.6 and 12.2 months in the NCCTG 
N107C/CEC·3 trial by Brown et al., 2017; 17 and 18 months in the study by Mahajan et al. 2017; 2.8 months in 
the trial by Roos et al., 2011, 10.7 and 10.9 months in the EORTC 22952–26001 study by Kocher and cowork-
ers, 2011, respectively). Although results from retrospective studies have limited comparability to those derived 
from prospective randomized and controlled phase III trials, median survival in the present analysis seems to be 
comparable to those in recent phase III studies. However, overall survival was related to the treatment of cerebral 
metastases only in early phase III trials from the 1990s (Patchell et al., 1990; Vecht et al., 1993) but not in more 
recent phase III trials (e.g. Kocher et al., 2011; Brown et al., 2017; Mahajan et al., 2017). Occurrence of single 
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No. 
patients %

Local In-Brain 
Recurrence p-value

Distant In-Brain 
Recurrence p-value

Gender
Male 39 50
Female 39 50
Age
median age (years) 71
range (years) 66–83
Number of Metastases 0.8665* N/A
1 50 64.1
2/3 18 23.1
>3 10 12.8
Primary site 0.4228* 0.7897*
NSCLC 35 44.8
Malignant melanoma 9 11.5
Breast Cancer 8 10.3
Renal Cancer 6 7.7
Gastrointestinal Cancer 10 12.8
Urogenital Cancer 4 5.1
Other 6 7.7
Histology 0.4853* 0.2139*
Adenocarcinoma 58 74.4
Malignant melanoma 9 11.5
Clear cell carcinoma 4 5,1
Others 7 9.0
Localization
Supratentorial 59 75.6
Infratentorial 11 14.1
Both 8 10.3
Surgical technique 0.5675* 0.7929*
En bloc resection 40 51.3
Peace-meal resection 38 48.7
Use of intraoperative neurophysiological monitoring
yes 40 51.3
no 38 48.7
Degree of surgical resection on MRI 0.00005* 0.3471*
complete 41 52.5
incomplete 15 19.2
questionable 22 28.2
Adjuvant radiation therapy
Whole-brain radiation therapy 37 47.4
stereotactic radiosurgery 14 18
local fractionated radiation 10 12.8
WBRT & SRS 2 2.6
no radiation 15 19.2

78
Local in-brain progression
yes 20 25.6
no 58 74.4
Distant in-brain progression
yes 21 26.9
no 57 73.1
Leptomeningeal carcinosis
yes 13 16.7
no 65 83.3

Table 1. Epidemiological data. *Chi Square Test.
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cerebral metastasis and the choice of their treatment modalities may therefore be insufficient to predict survival 
of patients – even in elderly patients. In contrast, treatment of cerebral metastases is well known to influence the 
local and distant in-brain progression as well as patients’ quality of life. In the present study, local recurrence rate 
was 25.6%, the distant development rate was 26.9%. These rates are congruent with our previous results and the 
recurrence rates reported in prospective randomized and controlled phase III trials. Therefore, elderly patients 
have comparable in-brain progression and overall survival as reported from previous oncologic patient cohorts. 
After thorough analysis, tumor-remnant in the early postoperative MRI as described in16 was the only statisti-
cally significant risk factor for local recurrence. Relevance of early postoperative MRI in oncological patients has 
already been defined16,22. Although many factors (e.g. surgical technique, number of metastases, local control) 
have been proposed as the cause of local recurrence and distant development or carcinomatous meningitis22–27, 
we could not establish another association or correlation in patients above 65 years of age.

Figure 1. Pre- and postoperative NIHSS. shows the pre- and postoperative NIHS Scores which were not 
significantly different.

No. of Patients Mean (SD)* min/max*
Overall Survival-Follow-Up - No. (%)

26 (30.2) 12 (14) 0/74
Progression Free Survival - No. (%)

26 (30.2) 9 (14) 0/74
Local Recurrence - No. (%)
No 65 (30.5)
Yes 21 (9.8)
Time-to-Local Recurrence - No. (%)

21 (9.8) 6 (5) 0/22
Distant Recurrence - No. (%)
No 63 (29.6)
Yes 23 (10.8)
Time-to-Distant Recurrence - No. (%)

23 (10.8) 7 (7) 0/35
Carcinomatous Meningitis - No. (%)
No 72 (33.8)
Yes 14 (6.6)
Time-To-Carcinomatous Meningitis - No. (%)

14 (6.6) 8 (10) 0/46

Table 2. Recurrence rates. *Months.
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In the present population, we observed no severe complication and no case fatalities within the first 30 days 
after surgery. The pre- and postoperative NIHSS, as well as KPS and follow-up visits showed no immediate or 
mediate deteriorations or complications. The median pre- and postoperative NIHSS was 1 without significant 
differences suggesting no new neurological deficits due to metastasectomy and a favorable overall surgical out-
come. Perioperative morbidity and mortality were considered to be elevated in elderly patients in some neuro-
surgical but non-oncological series [e.g.28]. However, this may only partially be true for geriatric patients with 
cerebral metastases. Within a retrospective analysis of a United States inpatient sample, 4.907 patients aged 64 
years and above were identified who underwent brain metastases resection. This study concluded that surgical 
resection of brain metastases among the elderly up to the ninth decade of life is feasible but that age above 80 years 
and comorbidities were important prognostic factors for inpatient outcome29. In a retrospective observational 
cohort-comparison study of patients with brain metastases, complication rate was 5.7% in the geriatric cohort 
with 174 patients aged 70 years and over30. Several further studies reported low complication rates after surgery 
of elderly patients with malignant brain tumors31–34.

Our study presents a single center experience with a reasonable number of patients, with a homoge-
nous diagnostic and therapeutic approach allowing comparison. However, our study presents some limitations: (1) 78 
geriatric patients suffering from cerebral metastases within a period of 7 years were included. This is based on a very 
dense net of exclusion criteria. Therefore, this cohort might not be representative for all geriatric patients. However, 
the present cohort is heterogeneous in terms of different primary sites and adjuvant therapies. Furthermore, a sub-
group analysis for patients with urgent or acute surgery for BM was not performed. Due to the acute setting, proper 
planning and supplementary accessories might have been impossible to accomplish and thus have resulted in a higher 
probability of tumor-remnant or an increased risk of complications. (2) Extent of surgical resection was analysed by an 
early postoperative-MRI. In the current literature, only few retrospective studies analysed the impact of this method in 
diagnosing residual tumor tissue16,35. A definite conclusion regarding the resection degree was not possible in 28.2% 
for several reasons, e.g. residual tumor tissue could not reliably be differentiated from dilated vessels in the wall of the 
resection cavity, poor image quality (e.g. due to patient motion), blood in the resection. The early postoperative MRI 
revealed an incomplete surgical resection is in 19.2%. The comparatively high rate of incompletely and questionably 
completely resected metastases is in line with previous non-geriatric series16. (3) A median time-to-local recurrence 
of 3 ± 2.9 months (0–10 months) is fairly low. Time-to-local in brain-progression was therefore lower as in the recent 
phase III trials (e.g. 7.6 months and not reached in the recent phase III trial by Mahajan et al.)36. The reason for the com-
paratively low time-to-local in-brain progression remains unclear. One explanation might be the high rate of incom-
plete surgical resection or patients without any adjuvant radiation therapy (19.2% each) and the significant correlation 
between verification of tumor remnants on an early MRI and a later local in-brain progression. We are not aware of any 
studies directly analyzing a potential correlation between local recurrence and death. Several recent phase III studies 
addressed the local control and/or the overall survival after treatment of 1–4 cerebral metastases. Except the study by 

Figure 2. Progression-free and overall survival. shows the Kaplan Meier estimates for overall survival (A) and 
progression free (B) with its 95%-confidence intervals (dotted lines) over time in patients above 65 years after 
surgical resection of cerebral metastases.
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El Gantery and coworkers (2014), none of the studies observed an effect of the therapy modality on the overall survival 
but nearly all studies showed a significant effect on the local control9,12,29,30,37. (4) Current prognostic indicators were 
not performed or analyzed in our population. A comparative analysis between our data and known literature cannot 
be performed. (5) Moreover, preoperative evaluation of the geriatric population should be required in order to increase 
quality of care, identify unknown entities, reduce complications and improve outcome38. There are many tools to pre-
operatively assess geriatric patients. Although there are still some discrepancies39 and new innovative tools are being 
studied40, the most common and thorough tool utilized to identify those patients with higher risk for worse outcome 
or a greater benefit from surgical treatment is the comprehensive geriatric assessment (CGA)41. Interestingly, most of 
the tools (if not all) use the KPS described in 1948 as a base42. Still, a unified guideline for this subgroup of patients has 
yet to be established. In our study, we did not perform any geriatric assessment. Nonetheless, the pre- and postopera-
tive NIHSS, as well as KPS and follow-up visits showed no immediate or mediate deteriorations or complications, and 
more importantly, they represent an adequate parameter. However designed for other reasons and purposes37,43,44, the 
NIHSS seems a feasible tool. (5) The influence of comorbidities, multi-organ metastatic disease, current medication and 
other elective or palliative surgeries was not taken into account. (7) Controlled or absent systemic neoplastic disease 
was assumed according to the clinical status and routine blood work. No evidence was established to prove that fact. (8) 
Another subgroup analysis of patients, in whom a palliative intervention therapy was performed, was also not analyzed 
separately. How this affects the course of disease, the type of therapy received additionally or the influence on overall 
survival remains unknown. (9) Patients’ adherence, compliance, complications or changes altogether regarding adju-
vant therapy were not analyzed. (10) Preoperative elaborate analysis of geriatric patients was not performed.

Conclusion
Local in-brain recurrence after surgical resection of a BM in patients above 65 years of age was 25.6%. Tumor-remnant 
in early postoperative MRI is the only risk factor for local in-brain recurrence. Mean overall survival was 13 months. 
Oncological parameters in the present cohort seem not to differ from recent phase III studies with non-geriatric 
patients. As reliable data are lacking, controlled studies analyzing the impact of metastasectomy in elderly patients are 
required.
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Abstract
Background 5-Aminolevulinic acid (5-ALA) fluorescence-guided resection technique was first introduced for malignant 
glioma. However, the impact of the 5-ALA fluorescence behaviour of cerebral metastases is still unclear. Aim of this study 
was to determine the impact of PpIX-fluorescence on the local progression-free and overall survival.
Materials and methods A secondary analysis was performed and included an updated follow-up of 136 patients comprised 
in two previous studies. Additionally, 82 new patients were included. All patients underwent surgical resection of cerebral 
metastasis and intraoperative estimation of 5-ALA-induced fluorescence. The 5-ALA fluorescence behaviour of cerebral 
metastases was correlated with the rate of local recurrences, the local progression-free and overall survival.
Results 218 patients suffering from cerebral metastatic spread fulfilled the inclusion criteria and were analysed: complete 
surgical resection could be achieved in 123/218 patients (56.4%). Dichotomised degree of surgical resection (complete vs. 
incomplete or questionable complete resection) was not related to dichotomized 5-ALA fluorescence of cerebral metastases 
(p = 0.66). 51 patients (23.4%) developed a local in-brain progression within or at the border of the resection cavity. Of these, 
8 patients showed a PpIX-fluorescent metastasis. There was a trend towards a correlation between a higher local in-brain 
progression in PpIX-non-fluorescent metastases (p = 0.03). Median time to local in-brain progression was 4 ± 11 months. 
PpIX-fluorescent and PpIX-non-fluorescent metastases showed a significantly different progression-free survival (p = 0.01). 
PpIX-positive and –negative metastases showed a significantly different overall survival (20 and 14 months respectively; 
p = 0.006).
Conclusion The 5-ALA fluorescence behaviour was related to the local progression-free and the overall survival in the present 
retrospective series and might be considered a prognostic marker. Further studies are required to appreciate the oncological 
impact of the 5-ALA induced fluorescence behaviour of cerebral metastases.

Keywords 5-Aminolevulinic acid · Cerebral metastases · Recurrence · In-brain-progression · Overall survival

Introduction

Cerebral metastases are the most common intracerebral neo-
plasms with an increasing incidence which ranges between 
2.8 and 14.3 per 100,000 population [16, 27]. Consequently, 

they show a 5 times higher incidence than malignant primary 
brain tumors [16, 27]. Overall survival of patients suffering 
from a single cerebral metastasis was not related to treat-
ment modality in almost all recent phase III trials suggesting 
that the cancer patient’s prognosis might not be related to 
the occurrence of a single cerebral metastasis suggesting 
that their prognosis does not seem to be related to occur-
rence of single cerebral metastases in cancer patients [3, 15, 
18, 24]. However, treatment of cerebral metastases remains 
challenging, as treatment should ensure a long-lasting local 
control without affecting the quality of life. In particular, 
local control of cerebral metastases might be a problem as 
local in-brain progression rates were up to 50% in recent 
studies [15, 20, 36]. Incomplete and piecemeal-resections of 
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cerebral metastases were considered as risk factors for local 
in-brain progression [5, 6, 8, 10–12, 21, 22, 32].

5-Aminolevulinic acid (5-ALA) fluorescence-guided 
resection technique was first introduced for malignant gli-
oma. 5-ALA converts into protoporphyrin IX (PpIX) that 
selectively accumulates in vital malignant glioma cells and 
can be visualized under blue light. This technique is related 
to a more exhaustive surgical resection and subsequently 
an improved progression-free survival [29–31]. In con-
trast to malignant glioma, the more benign diffuse glioma 
shows no PpIX-fluorescence. Recently, PpIX-fluorescence 
in cerebral metastases was considered a favourable param-
eter for a long-lasting local tumor control after metasta-
sectomy – independent of the degree of surgical resection 
[7]. Although no correlation was found in the later study 
between the PpIX-fluorescence in cerebral metastases and 
the overall survival, the relatively small study group might 
have skewed the results.

Aim of this study was to determine the impact of PpIX-
fluorescence on the local progression-free and overall sur-
vival. A secondary analysis was performed and included an 
updated follow-up of 136 patients comprised in two previous 
studies [7, 9]. Additionally, 82 new patients were included.

Materials and methods

Ethical statement

Informed consent was obtained. The present analysis was 
performed in accordance with the Declaration of Helsinki 
and with the acceptance of the local Research Ethics Com-
mittee and institutional review board (internal study num-
bers: 3307 and 5269).

Study design, inclusion and exclusion criteria

A secondary analysis with an updated follow-up of 136 
patients who had already been included in two previous stud-
ies [7, 9], as well as 82 new patients, was performed. All 
patients fulfilled the following criteria: (1) surgical resection 
of a cerebral metastasis, (2) histopathological confirmation 
of a carcinoma or malignant melanoma metastasis and (3) 
intraoperative documentation of the PpIX-fluorescence of at 
least one cerebral metastasis by the neurosurgeon. Exclusion 
criteria included: (1) other type of neoplasia, (2) patients 
with neuroendocrine small cell carcinoma, (3) leptomenin-
geal carcinomatosis.

Surgical and postoperative treatment

Surgery was performed as described before [7, 9, 10]. 
In summary, 5-ALA (Caesar & Loretz GmbH, Hilden, 

Germany) was administered 3 h prior to surgery in a dose 
of 20 mg per kilogram body weight as previously defined 
[9, 30]. Standard white-light assisted—and if feasible—en 
bloc circumferential resection was performed [9]. PpIX fluo-
rescence was visualized by the surgical microscope (OPMI 
Pentero microscope with the FLOW 800 tool; Carl Zeiss 
Meditec, Oberkochen, Germany or Leica M530 OH6 micro-
scope, Leica Microsystems GmbH, Wetzlar, Germany) and 
the dichotomized PpIX-fluorescence (fluorescent or non-
fluorescent) was documented by the neurosurgeon. 5-ALA 
fluorescence was considered as “5-ALA fluorescent” if being 
strongly fluorescent or as non-fluorescent if being faintly or 
non-fluorescent.

After surgery, extent of surgical resection was docu-
mented by an early postoperative contrast-enhanced 1.5T-
MRI within 72 h as described before [10]. Residual con-
trast-enhancing parts in the T1 sequences as well as T2 and 
diffusion sequences were examined for residual tumor [10]. 
A senior neurosurgeon and neurological radiologist carefully 
performed the radiological analysis. Recommendations for 
a further adjuvant treatment after metastasis resection were 
made by an interdisciplinary tumor board based on tumor 
type, degree of surgical resection and patients’ neurological 
condition and wishes. Follow-up was performed every three 
months and consisted of clinical evaluation and radiological 
testing (i.e. contrast-enhanced MRI).

Definition of outcome parameters

A local tumour recurrence was defined according to RANO 
criteria for cerebral metastases [17]. Distant in-brain pro-
gression was defined as a new contrast enhancement on the 
follow-up MRI suspicious for cerebral metastases. Time 
to local or distant in-brain progression was defined as the 
period between surgery and diagnosis of tumor progression 
on MRI. Overall survival was defined as timespan between 
surgery and death.

The degree of surgical resection was determined on an 
early postoperative MRI within 72 h after surgery. For fur-
ther analysis, the degree of surgical resection was dichot-
omised into complete vs. incomplete or questionable com-
plete surgical resection.

Data management

Epidemiological data (age, gender), data regarding 5-ALA-
fluorescence, primary site and histological entity of the 
tumour and postoperative and follow-up images were col-
lected using an integrated medical-record system. Clinical 
and radiological follow-up ended on May 22nd 2018. All sta-
tistical analyses were performed with SPSS software (Ver-
sion 25.0, IBM, USA) and the Graph Pad Prism 5 package 
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3.3.2 (GraphPad Software, Inc., La Jolla, USA). Continuous 
data are presented as median ± standard deviation.

For categorical data the Pearson 2 test was used to 
test the independence of variables. The 2 test was used 
in nominal variables to identify significant differences. 
Real-valued data were first tested for normality using the 
Shapiro–Wilk normality test. Kaplan–Meier survival curves 
were compared using the log-rank test, also known as the 
Mantel–Haenszel or Mantel–Cox test. As multiple statistical 
testing was performed, a significance level of p < 0.013 was 
considered significant according to the Šidák’s correction. 
A trend towards significance was defined as p value above 
0.013 but below 0.05.

Results

218 patients suffering from cerebral metastatic spread ful-
filled the inclusion criteria and were analysed: 115 patients 
were female (52.8%) and 103 patients male (47.2%). Median 
age was 62 ± 11 years (range 26–87 years). Histologically, 
the vast majority of patients presented with adenocarcinoma 
(76.6%) and about half of the patients suffered from non-
small cell lung cancer(110 pts: 50.5%). Clinical data are 
summarized in Table 1 and the fluorescence behaviour of 
the different histological subtypes and of metastases with 
different primary sites in Table 2.

A complete surgical resection could be achieved in 
123/218 patients (56.4%). In 43 patients (19.7%), resection 
was incomplete and in 23.8% the degree of surgical resection 
was questionable. Dichotomised degree of surgical resection 
(complete vs. incomplete/questionable complete resection) 
was not related to dichotomized 5-ALA fluorescence of cer-
ebral metastases ( 2 = 0.19; p = 0.66, Table 2). About half of 
the patients received adjuvant whole-brain radiation therapy 
(49.1%), 15% local stereotactic or fractionated irradiation 
and 20% no additional radiation therapy (Table 1).

51 patients (23.4%) developed a local in-brain progres-
sion within or at the border of the resection cavity. Of these, 
8 patients showed a PpIX-fluorescent metastasis. There was 
a trend towards a correlation between a higher local in-brain 
progression in PpIX-non-fluorescent metastases ( 2 = 4.9; 
p = 0.03). Median time to local in-brain progression was 
4 ± 11 months. PpIX-fluorescent and PpIX-non-fluorescent 
metastases showed a significantly divergent progression-free 
survival ( 2 = 6; df = 1; p = 0.01, 95% CI 0.26–0.86; log-
rank test, Fig. 1).

General median overall survival was 14 months. PpIX-
positive and –negative metastases showed a significantly 
different overall survival, 20 and 14 months respectively 
( 2 = 7.6; df = 1; p = 0.006, 95% CI 0.44–0.86; log-rank 
test; Fig. 1).

Discussion

This study represents one of the largest analyses of PpIX-
fluorescence in brain metastases. The main observations of 
the present analysis were as follows: (1) PpIX-behaviour of 
cerebral metastases had no statistically significant influence 
on the degree of surgical resection, (2) a trend towards a 
significant higher local recurrence rate in PpIX-non fluores-
cent metastases, and (3) PpIX-fluorescent metastases had a 
favorable outcome with a prolonged progression-free inter-
val and overall survival in the present series.

In our present study, PpIX fluorescence behaviour had no 
influence on the extent of resection or strategy of adjuvant 
therapy. The dichotomized degree of surgical resection was 
not significant related to the dichotomized PpIX-fluorescent 

Table 1  Summary of clinical data

Number of 
patients

%

Gender

 Female 115 52.8

 Male 103 47.2

Age

 Median age (years) 62

 Range (years) 26–87

Primary site

 NSCLC 110 50.5

 Malignant melanoma 19 8.7

 Breast cancer 27 12.4

 Gastrointestinal cancer 26 11.9

 Renal/urogenital cancer 21 9.6

 Other 15 6.9

Histology

 Adenocarcinoma 167 76.6

 Malignant melanoma 19 8.7

 Clear cell carcinoma 18 8.2

 Others 14 6.4

PpIX fluorescence

 No 156 71.6

 Yes 62 28.4

Degree of surgical resection on MRI

 Complete 123 56.4

 Incomplete 43 19.7

 Questionable 52 23.8

Adjuvant radiation therapy

 Whole-brain radiation therapy 107 49.1

 Stereotactic radiosurgery 34 15.6

 Local fractionated radiation 33 15.1

 No radiation 44 20.2

Local in-brain progression 51 23.4

Distant in-brain progression 56 25.7
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and non-fluorescent cerebral metastases. Unintended rem-
nants of metastatic tumor tissue are frequently observed 
after intended complete metastasectomy, and can be verified 
by an early postoperative MRI [2, 10]. Moreover, residual 
tumor tissue is believed to be a risk factor for a later local 
recurrence [8, 10]. In contrast to malignant glioma, 5-ALA 
fluorescent guidance of cerebral metastases resection might 
not be optimal to detect residual metastatic tumor tissue 
after macroscopically complete resection. Several previous 
studies reported 5-ALA fluorescence behavior of cerebral 
metastases [1, 4, 9, 19, 23, 28, 33–35]. The occurrence of 
PpIX-fluorescent cerebral metastases ranged between 0 and 
100%. However, most studies included less than 10 patients: 
Apart from previous studies, three further studies with more 
than 10 patients with totally 114 patients showed PpIX-
fluorescence of cerebral metastases in 52%, 73% and 82%, 
respectively [4, 19, 33]. PpIX-fluorescence of the tumour 
bed can frequently be observed after metastases resection, 
but residual tumor cells can only be histologically verified 
by a subset of biopsies taken from these areas [9, 28, 33]. 
Furthermore, a strong PpIX-fluorescence of the adjacent 
tumour bed occurs even in 5-ALA negative metastases [9, 
28]. Therefore, 5-ALA technique does not allow reliable vis-
ualization of residual tumor after metastases resection, and 
a strongly fluorescent resection cavity does not necessarily 

contain residual tumor. However, current evidence is poor 
and further studies are required [13].

Nevertheless, PpIX fluorescence of cerebral metasta-
ses might be of prognostic value. In the present study we 
observed a trend towards a significantly higher local recur-
rence rate in PpIX-non fluorescent metastases and a signifi-
cantly progression-free and overall survival in PpIX-fluores-
cent metastases. The trend towards an improved local control 
and a longer progression-free survival cannot be explained 
by a better degree of surgical resection in these metastases. 
This is in line with our previous report [7]. Interestingly and 
unexpectedly, overall survival was also correlated with the 
fluorescence behaviour. Overall survival was independent of 
the treatment modalities in almost all recent phase III stud-
ies including patients with single cerebral metastases [3, 15, 
18, 24]. This suggests that the overall survival is not related 
to the occurrence and treatment of single brain metastases 
but to systemic cancer progression. PpIX-fluorescence of 
cerebral metastases might be an intrinsic factor related to 
a more benign character of brain metastases and the pri-
mary cancer. Loss of PpIX-fluorescence might reflect a more 
aggressive behaviour of brain metastases. The more aggres-
sive behaviour was not correlated with a specific histological 
subtype or primary site in the present and all recent stud-
ies. The less aggressive behaviour of strongly fluorescent 

Table 2  5-ALA behaviour of 
cerebral metastases

Total number 
of patients

ALA-positive % ALA-negative %

Primary site

 NSCLC 110 36 32.7 74 67.3

 Malignant melanoma 19 4 21.1 15 78.9

 Breast cancer 27 9 33.3 18 66.7

 Gastrointestinal cancer 26 4 15.4 22 84.6

 Renal/urogenital cancer 21 8 38.1 13 61.9

 Other 15 1 6.7 14 93.3

Histology

 Adenocarcinoma 167 53 31.7 114 68.3

 Malignant melanoma 19 4 21.1 15 78.9

 Clear cell carcinoma 18 4 22.2 14 77.8

 Others 14 1 7.1 13 92.9

Degree of surgical resection on MRI

 Complete 123 32 0.26 91 0.74

 Incomplete 43 15 0.35 28 0.65

 Questionable 52 13 0.25 39 0.75

Adjuvant radiation therapy

 Whole-brain radiation therapy 107 42 39.3 65 60.7

 Stereotactic radiosurgery 34 3 8.8 31 91.2

 Local fractionated radiation 33 8 24.2 25 75.8

 No radiation 44 9 20.5 35 79.5

Local in-brain progression 51 8 15.7 43 84.3

Distant in-brain progression 56 6 10.7 50 89.3

Author's personal copy



44

Journal of Neuro-Oncology 

1 3

metastasesprobably relies on differences in the signaling of 
PpIX-fluorescent and non-fluorescent metastases: The ferro-
chelatase activity is related to PpIX accumulation in malig-
nant cells but also to the aggressiveness of some tumours 
and to the outcome of patients with certain cancer types [7, 
13, 14, 26]. However, further translational and clinical stud-
ies are required to estimate the diagnostic and prognostic use 
of 5-ALA in cerebral metastases.

Limitations

We do acknowledge several limitations in our present study: 
(1) it represents a secondary analysis with an updated fol-
low-up of patients included in two previous studies and 
82 additional patients. Prospective and controlled studies 
provide much more evidence, however, these studies are 
not yet available and this study is one of the largest analy-
sis of PpIX-fluorescence in brain metastases, (2) As many 

retrospective metastases studies, this analysis includes a 
heterogeneous patient population. In particular, state of 
the adjuvant treatment changed since the first patients were 
treated. Adjuvant treatment concepts are well-known to 
influence the local recurrence rate [3, 15, 18, 24]. We do 
believe that the longer progression-free interval and overall 
survival time could also be due to a subgroup of patients 
receiving whole-brain radiation therapy. However, a sub-
group analysis was not intended for statistical reasons as 
multiple testing requires a correction of the significance 
level. (3) Apart from the 5-ALA fluorescence behaviour, 
many other factors such as the growth pattern of cerebral 
metastases or the mode of surgical resection (piecemeal vs. 
en bloc resection) might additionally influence the outcome 
and may confound our present results [21, 22, 32]. (4) The 
degree of resection was dichotomized into complete versus 
incomplete or questionable complete resections. A reliable 
estimation of the resection degree might not have been pos-
sible in all cases [10]. Therefore, questionable tumor tissue 
was statistically considered like residual tumor tissue and 
might represent an additional bias in these results. Reduc-
ing the uncertainty in diagnosing residual tumor tissue on 
an early postoperative MRI represents a challenge to neu-
roradiology. (5) PpIX fluorescence was dichotomized into 
fluorescent or non-fluorescent (either non- or faintly fluores-
cent) by the neurosurgeon. However, some cerebral metasta-
ses show a patchy pattern of fluorescence and fluorescence 
intensity might range from a vague intensity to a solid deep 
red. Possibly, different fluorescence intensities might also 
be related to different outcomes. Furthermore, PpIX fluo-
rescence intensity was related to the surgeon’s impression 
and might also vary according to the equipment used [25]. 
A quantitative estimation of 5-ALA fluorescence might give 
a more objective value and represents a challenge for further 
studies. (6) The finding that PpIX positive metastases have 
a better prognosis would have some interest for oncologic 
biology, but to date does not seem so be significant for clini-
cal purposes. Only half of the cerebral metastases exhibited 
PpIX-fluoresence. Furthermore, no studies showed a surgical 
or oncological benefit of 5-ALA fluorescence-guided resec-
tions. Furthermore, a strongly fluorescent resection cavity 
does not necessarily contain residual tumor tissue [9, 13].
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Abstract
Treatment of recurrent cerebral metastases is an emerging challenge due to the high local failure rate after surgery or radiosurgery
and the improved prognosis of patients with malignancies. A total of 36 patients with 37 metastases who underwent surgery for a
local in-brain progression of a cerebral metastasis after previous metastasectomy were retrospectively analyzed. Degree of
surgical resection on an early postoperative MRI within 72 h after surgery was correlated with the local in-brain progression
rate and overall survival. Complete surgical resection of locally recurrent cerebral metastases as confirmed by early postoperative
MRI could only be achieved in 37.8%. Detection of residual tumor tissue on an early MRI following recurrent metastasis surgery
correlated with further local in-brain progression when defining a significance level of p = 0.05 but not after Šidák or Bonferroni
significance level correction for multiple testing: However, definite local tumor control could finally be achieved in 91.9% after
adjuvant therapy. Overall survival after recurrent metastasectomy was significantly higher as predicted by diagnosis-specific
graded prognostic assessment (12.9 ± 2.3 vs. 8.4 ± 0.7 months; p < 0.0001). However, our series involved a limited number of
heterogeneous patients. A larger, prospective, and controlled study is required. Considering the adequate local tumor control
achieved in the vast majority of patients, surgery of recurrent metastases may represent one option in a multi-modal treatment
approach of patients suffering from locally recurrent cerebral metastases.

Keywords PostoperativeMRI .Metastasis . Recurrence . Recurrent metastasis . Surgery . Resection

Introduction

Cerebral metastases are the most common cranial neoplasms
[16, 31]. About 20 to 40% of cancer patients develop cerebral
metastases [11, 12]. Although modern targeted cancer thera-
pies have led to new therapeutic strategies that may improve
prognosis of cancer patients, they also may alter the incidence
and behavior of cerebral metastases. For HER2-positive breast
cancer patients, HER2-targeted therapies were believed to be

associated with a higher incidence of cerebral metastases over
historical estimates [27].

Surgical resection of single cerebral metastases is one im-
portant approach in a multi-modal treatment, and its benefit is
well documented [33, 38]. Subsequently, resection of single
metastases is recommended by international guidelines for
large tumors with a diameter of more than 2–3 cm, for surgi-
cally accessible metastases and patients with severe neurolog-
ical burden and good general health [38]. However, surgical
resection of cerebral metastases is frequently associated with
failure of local control. Postresection local tumor progression
occurs in up to 60% of patients without any adjuvant therapy
and in nearly 30% of patients receiving adjuvant whole-brain
radiation therapy (WBRT) [18, 24, 32, 44]. The comparatively
high local failure rate after surgery or radiosurgery combined
with the increased number and the improved prognosis of
patients with malignancies has led to an increasing incidence
of recurrent cerebral metastases.

Treatment of recurrent cerebral metastases is an emerging
challenge. Stereotactic radiosurgery and fractionated local or
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WBRT of locally recurrent metastases are well described and
therefore represent valuable radiological treatment options
[10, 23, 25]. As prospective and controlled studies are lacking,
the oncological impact of (re-)irradiation of locally progres-
sive metastases remains disputable. Re-irradiation harbors a
significant risk of local complications such as radionecrosis
[38]. An alternative treatment option is the microsurgical re-
section of recurrent metastases. Surgery for recurrent metasta-
ses is recommended by the latest European and American
guidelines especially for patients with locally accessible me-
tastases, good neurological condition and stable extracranial
disease, and a relatively long latency to recurrence [1, 3, 7,
38]. However, the oncological impact of craniotomy for re-
current cerebral metastases remains disputable, and high-
quality analyses have yet to be published. Recent evidence
(evidence level IIIB) has been obtained from five retrospective
case series [2, 4, 8, 22, 36]. All of these included both patients
suffering from local and distant in-brain progression. Risk of
perioperative surgical complications, rate of incomplete surgi-
cal resections, and incidence of further local in-brain progres-
sions will likely be higher for locally recurrent metastases with
extensive previous surgical and radio-oncological treatment as
compared to distant metastases without any previous local
therapy. While recent studies focused on identification of fac-
tors influencing overall survival, predictors of local failure
after resection of recurrent metastases have yet to be identi-
fied. Therefore, the present study aims to identify risk factors
of further local in-brain progression after re-craniotomy for
locally progressive brain metastases.

Material and methods

Ethical statement

Scientific use of the clinical data was approved by the local
ethics committee of theMedical Faculty of the Heinrich Heine
University, Düsseldorf, Germany (study ID 5947R).

Eligibility for retrospective analysis

Using an integrated medical record system, we performed a
retrospective analysis of data on patients fulfilling the inclu-
sion criteria. Inclusion criteria were (1) local progression of a
previously surgically treated cerebral metastasis, (2) first re-
currence, (3) previous craniotomy and surgical re-resection,
(4) histopathological confirmation of local progression of a
cerebral carcinoma or malignant melanoma metastasis, (5)
complete set of preoperative imaging (MRI ± CT) and early
postoperative MRI within 72 h after surgery, (6) subsequent
clinical and radiological follow-up, and (7) surgical treatment
between January 2010 and April 2017. Patients with tumors
other than cerebral carcinoma metastasis (e.g., glioma,

cerebral lymphoma, or sarcoma), patients with multiple local
recurrences, patients with only radiotherapeutically treated
metastases, and patients with leptomeningeal metastases were
excluded from this study (Fig. 1).

Surgery

Standard white light-assisted, microsurgical circumferential
resection of the cerebral metastasis was performed for all me-
tastases. The routine surgical setup included the intraoperative
use of neuronavigation and ultrasound. Surgery was per-
formed as awake surgery in an asleep-awake-asleep protocol
for all patients with eloquently situated recurrent metastases
[17]. An eloquent brain region was defined according to the
literature as a cortical or subcortical brain area at which we
expect intraoperative stimulation to elicit changes in neurolog-
ic conditions (particularly regarding speech, movement, and
tactile sensation) or to elicit a response in electrophysiological
recordings in corresponding areas [14, 17].

Neuroradiological imaging

Preoperative, postoperative, and follow-up imaging was per-
formed by a 1.5 T MRI including T1, T2, T2*, T2, DWI,
ADC, and T1 postgadolinium sequences (Avanto, Siemens,
Erlangen, Germany) as described before [13]. All radiological
assessments were independently evaluated by one neuroradi-
ologist (B.T.). The extent of surgical resection was evaluated
by an early postoperative 1.5 T MRI within 72 h after surgery.
Residual contrast-enhancing parts in the T1 sequences as well
as T2 and diffusion sequences were examined for residual
tumor [13].

Adjuvant standard treatment and follow-up

Adjuvant standard treatment following surgery was stipulated
in the interdisciplinary tumor board. In general, adjuvant radi-
ation therapy was recommended unless limited by previous
radiation therapies. A fractionated local cavity boost radiation
therapy with 10 × 3 Gy on the resection cavity and on 5 mm of
the adjacent tissue (clinical target volume) was considered for
completely resected metastases, and an integrated stereotactic
boost was applied to residual tumor tissue. Patients were clin-
ically followed from the time of surgery until decease or re-
ferral to a palliative care ward including a contrast-enhanced
MRI every 3 months.

Definition of outcome measures

Local recurrence was defined as appearance of a tumor
recurrence within or at the border of the resection cavity
according to the RANO criteria for cerebral metastases
[26]. For incomplete metastasis resection on the early
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postoperative MRI < 72 h after surgery, local progression
was considered when residual metastasis volume in-
creased by more than 25% [18]. Local tumor control
was assumed if no local recurrence occurred in the obser-
vation period (till follow-up or death of the patient).
Distant in-brain progression was defined as new
contrast-enhancing lesions in the follow-up MRIs at least
2 cm from the s i te of the resected metas tas is .
Leptomeningeal carcinomatosis was diagnosed by cranial
MRI as diffuse enhancement of meninges and/or by lum-
bar puncture and confirmation of malignant tumor cells in
the cerebrospinal fluid (CSF). For statistical analysis, ex-
tent of surgical resection as assessed on the T1, T2, and
diffusion sequences in the early postoperative MRI was
categorized in (1) residual tumor, (2) no, and (3) question-
able residual tumor.

Overall survival (OAS) was defined as the time between
surgery of a recurrent metastasis and death; progression-free
survival (PFS) was defined as the time span between surgery
of a recurrent metastasis and a further (second) local in-brain
progression or recurrence or death. Prognosis of patients

suffering from cerebral metastases was assessed using the
diagnosis-specific graded prognostic assessment (ds-GPA)
score [40]. Patients’ performance status was evaluated by the
Karnofsky performance score and the Eastern Cooperative
Oncology Group (ECOG) performance score [21, 30].

Statistical analysis

Epidemiological data, data regarding tumor location and pri-
mary tumor, as well as preoperative and postoperative images
were collected from charts and an electronic documentation
system. Continuous variables are presented as the mean ±
standard error of mean (SEM). For nominal-scaled variables,
we calculated frequencies and ratios. For categorical data, the
Pearson χ2 test was used to test the independence of variables.
Real-valued data were first tested for normality using the
Shapiro-Wilk normality test. Its null hypothesis is that the
population fromwhich the sample is taken is normally distrib-
uted. If the variables were found to have no significant devi-
ation from the normal distribution, either on the linear or on
the logarithmic scale, the Welch’s t test was used to compare
the variable distributions. If the variables themselves were
normally distributed, the t test was applied directly to the data
to check whether the distribution means significantly differ.
Kaplan-Meier survival curves were compared using the log-
rank test, also known as the Mantel-Haenszel or Mantel-Cox
test.

A significance level below p = 0.05 was considered as sig-
nificant. As multiple statistical testing was performed, the sig-
nificance level according to Šidák’s and Bonferroni’s correc-
tion: Šidák’s and Bonferroni correction revealed an adjusted p
value of 0.0051 or 0.005, respectively. The R statistical com-
puting package R version 3.3.2 as released on October 31
2016 (https://r-project.org/) was used to perform all
statistical analyses.

Results

Patient cohort

Between January 2010 and April 2017, a total of 3150
patients were surgically treated for a malignancy (accord-
ing to the ICD-10 code C7x) in our department.
Craniotomy and tumor resection were performed in 2180
patients, and 532 of these patients suffered from cerebral
metastases. Only 36 patients suffered from local in-brain
progression after previous initial surgical resection of a
cerebral metastasis. One patient was treated for two dif-
ferent locally recurrent metastases.

Therefore, 36 patients with a total of 37 recurrent metasta-
ses matched the inclusion criteria and were included in the
further analysis. Patient characteristics are summarized in

Patients with 
malignancies

(ICD-10 code: C7x)
01/2010 – 04/2017

(n = 3150)

Other procedures than 
craniotomy and tumor 

resection

(n = 970)

Patients treated by 
craniotomy for a cerebral 

malignancy

(n = 2180)

Patients with other malignancies 
than cerebral metastases

(n = 1648)

Patients treated by 
craniotomy for a cerebral 

metastasis

(n = 532)

Patients treated for not locally 
recurrent metastases

(n = 496)

Patients with the first local 
recurrence of a cerebral 
metastases treated by 

craniotomy 
01/2010 – 04/2017

36 Patients with 
37 metastases

Fig. 1 Flow chart of patient inclusion
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Table 1 Patient characteristics
Total number Percentage

Total number of patients 36

Number of metastases 37

Age Mean ± standard error of mean
(SEM)

58.6 ± 1.8 years

Range 34–74 years

Gender Female 18 50.0%

Male 18 50.0%

Histology Adeno-CA 27/36 75.0%

Small cell CA 2/36 5.6%

Clear cell CA 2/36 5.6%

Squamous cell CA 3/36 8.3%

Malignant melanoma 2/36 5.6%

Primary cancer NSCLC 21/36 58.3%

SCLC 2/36 5.6%

Malignant melanoma 3/36 8.3%

Breast cancer 2/36 5.6%

Gastrointenstinal cancer 5/36 13.9%

Kidney cancer 1/36 2.8%

Urogenital cancer 1/36 2.8%

Carcinom of unknown
primary

1/36 2.8%

Systemic disease at the time of recurrent
metastasis surgery

Yes 27/37 73.0%

Range 10/37 27.0%

Preoperative Karnofsky Performance Scale Mean ± standard error of mean
(SEM)

81.2 ± 2.1

Median 90

Range 50–100

Eastern Cooperative Oncology Group
(ECOG) quality of life index

Mean ± standard error of mean
(SEM)

0.5 ± 0.1

Median 0

Range 0–2

Prognosis of life expectancy as assessed by
ds-GPA

Mean predicted survival ±
SEM

8.4 ± 0.7 m

Range 3–25.3 m

Bindal score Mean ± standard error of mean
(SEM)

1.5 ± 1.3

Median 2

Range 0–3

Time between first and re-surgery Mean time ± SEM 9.3 ± 1.6 m

Range 1–43 m

Eloquent location of metastases (n = 37) Eloquent 17/37 45.9%

Local 20/37 54.1%

Location of metastases (n = 37) Supratentorial location 34/37 91.9%

Infratentorial location 3/37 8.1%

Previous adjuvant radiation therapy
following first surgery

Whole-brain radiation therapy 21/37 56.8%

Whole-brain and local
radiation

1/37 2.7%

Only fractionated local
radiation therapy

7/37 18.9%

Only single fraction
radiosurgery

1/37 2.7%

None 7/37 18.9%
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Table 1. Mean age at surgery of the recurrent metastasis was
58.6 years (range 34–79 years); male to female ratio was 1:1.
Over 75% of cerebral metastases were adenocarcinoma me-
tastases and in over 50% of patients originated from a non-
small cell lung cancer (NSCLC).

Tumor resection of the first operation was considered to be
complete on an early postoperative MRI within 72 h after
surgery in 45.9% of patients. After the first surgery, the vast
majority of patients were treated by adjuvant irradiation
(WBRT in 56.8%, local irradiation in 21.6%, and a combina-
tion of both in 2.8%).

Surgery of locally recurrent cerebral metastases

Mean time between initial metastasectomy and resection of
the locally recurrent cerebral metastasis was 9.3 ± 1.6 months.
Nearly 75% of patients suffered from an uncontrolled system-
ic disease status and had a life expectancy prognosis of 8.6 ±
0.7 months calculated by ds-GPA, when the surgery for recur-
rent cerebral metastasis was performed. Twenty four of 36
patients died during follow-up. Mean overall survival was

12.9 ± 2.3 months. Median preoperative Karnofsky perfor-
mance score was 90 (range 50–100), and median preoperative
ECOG performance score was 0 (range 0–2) before resection
of the locally recurrent metastasis. No complications or neu-
rological deterioration were observed within the first 30 days
after surgery. Two patients showed systemic tumor progres-
sion and died within the first 60 days following surgery.

Extent of recurrent metastasectomy was evaluated by early
postoperative MRI resection within 72 h after surgery and
could not reliably be evaluated in 21.6% of patients. In these
cases, potential residual tumors could not reliably be differen-
tiated from dilated vessels in the wall of the resection cavity,
pre-existing scar tissue, blood in the resection cavity, or poor
image quality (e.g., due to patient agitation). Extent of resec-
tion on early postoperative MRI was considered complete in
14/37 metastases (37.8%) and incomplete in 15/37 metastases
(40.5%). Due to tumor infiltration of cerebral vessels and/or
involvement of cerebral vessels in extensive scar formation
after previous therapy (n = 4) or infiltration of eloquent brain
areas (n = 3), surgeon intended intraoperatively a subtotal in 7/
15 patients.

Table 1 (continued)
Total number Percentage

Adjuvant radiation therapy following
re-surgery

Whole-brain radiation therapy 6/37 16.2%

Whole-brain and local
radiation

1/37 2.7%

Only fractionated local
radiation therapy

7/37 18.9%

Only single fraction
radiosurgery

5/37 13.5%

None 18/37 48.6%

Residual tumor on MRI after first surgery Yes 9/37 24.3%

No 17/37 45.9%

Questionable 11/37 29.7%

Residual tumor on MRI after surgery of a
recurrent metastasis

Yes 15/37 40.5%

No 14/37 37.8%

Questionable 8/37 21.6%

Local in-brain progression Yes 14/37 37.8%

No 23/37 62.2%

Distant in-brain progression Yes 10/37 27.0%

No 27/37 73.0%

Leptomeningeal carcinomatosis Yes 13/37 35.1%

No 24/37 64.9%

Progression-free survival Mean time to any in-brain
progression ± SEM

6.9 ± 1.5 m

Range time to any in-brain
progression

1–35 m

Mean time to local in-brain
progression ± SEM

7.3 ± 1.5 m

Range time to local in-brain
progression

1–35 m

Overall survival Mean overall survival ± SEM 12.9 ± 2.3 m

Range overall survival 1–48 m
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In-brain progression rate

Further in-brain progression after recurrent metastasectomy
was observed in 24/36 patients (66.7%). In-brain progression
at distant sites was seen in 10 patients (27.7%).
Leptomeningeal carcinomatosis was observed in 13 patients
(36.1%). Mean time to any in-brain progression was 6.9 ±
1.5 months.

Fourteen of 37 metastases (37.8%) showed further in-brain
progression. Mean time to local recurrence was 7.3 ±
1.5 months. Neither tumor histology (Pearson χ2 4.4, p =
0.49) nor the tumors’ primary site (Pearson χ2 4.3, p = 0.74),
eloquent metastasis location (Pearson χ2 2.3 × 10−31, p = 1),
residual tumor detection on an early MRI following the first
metastasis surgery (Pearson χ2 0.17, p = 0.92), irradiation be-
fore or following recurrent metastasis resection (Pearson χ2

1.7, p = 0.77 and Pearson χ2 2.4, p = 0.66), preoperative KPS
(Pearson χ2 1.8, p = 0.77), and preoperative ECOG score
(Pearson χ2 1.5, p = 0.5) significantly correlated with later
in-brain progression. Detection of residual tumor tissue on
an early MRI following recurrent metastasis surgery was the
only predictor for further local in-brain progression when de-
fining a significance level of p = 0.05 (Pearson χ2 8, p =
0.018).

If defining a Šidák-adjusted (p = 0.0051) or Bonferroni-
adjusted (p = 0.005) significance level, this correlation was
not significant anymore. However, log-rank (χ2 = 2; p =
0.36) analysis and Cox proportional hazard regression (likeli-
hood ratio test: p = 0.34) of the progression-free survival
(PFS) showed no correlation between degree of surgical re-
section and the PFS (Fig. 2).

Of the 14 patients with in-brain progression after resection
of a recurrent metastasis, 10 patients were considered for fur-
ther resection of locally recurrent metastases (totally 15 addi-
tional craniotomies and tumor resections). Five patients re-
quired one and five patients two additional craniotomy for
their locally recurrent metastasis. In addition, 19 patients were
[again] received adjuvant irradiation (see Table 1). Local tu-
mor control could finally be achieved in 34/37 metastases
(91.9%) assessed by the follow-up MRIs resulting in a failure
rate of 8.1% after multiple surgical resections and irradiations.

Overall survival

Mean life expectancy as predicted the ds-GPA Score was 8.4
± 0.7 months. Mean overall survival after locally recurrent
cerebral metastasis resection was 12.9 ± 2.3 months (ds-GPA
score vs. OAS: p < 0.0001). Although local tumor control
could not finally be achieved in all patients, no patient de-
ceased due to an isolated local in-brain progression.
However, 2 patients died from an isolated in-brain progression
with local, distal in-brain progression and leptomenigeal
carcinosis (5.5%) and 12 patients from systemic and cerebral

tumor progression (33.3%). Overall survival exceeded
24 months in eight patients (22.2%). The degree of surgical
resection had no influence on the overall survival (p > 0.05 in
the log-rank analysis and Cox proportional hazard regression,
Fig. 3).

Discussion

There are three key findings in this study: (1) Complete sur-
gical resection of locally recurrent cerebral metastases as con-
firmed by early postoperative MRI could only be achieved
37.8%, (2) detection of residual tumor tissue on early postop-
erative MRI following recurrent metastasis surgery correlated
with further local in-brain progression when defining a signif-
icance level of p = 0.05 but not after Šidák or Bonferroni sig-
nificance level correction for multiple testing, and (3) definite
local tumor control could finally be achieved in 91.9% despite
further local in-brain progression in 37.8%. Overall survival
after recurrent metastasectomy was significantly longer than
predicted by ds-GPA.

As prospective and controlled studies are lacking deciding
upon the best treatment for recurrent cerebral metastases re-
mains a challenge. To our best knowledge, to date, only five
retrospective case series have analyzed the impact of surgical
resection of locally progressive brain metastases [2, 4, 8, 22,
36]. The oncological impact of a re-craniotomy of locally
progressive cerebral metastases after previous surgery with
and without previous irradiation remains unclear.
Furthermore, local in-brain progression rates are well docu-
mented for the first recurrence but not for further recurrences.

In the present study, MRI-verified complete surgical resec-
tion of recurrent metastases was achieved in nearly 40% of
patients. Rate of incomplete surgical resections was 40.5%.
Therefore, proportion of subtotal resections of recurrent me-
tastases is twice the incidence of incomplete resections known
from craniotomies for firstly diagnosed cerebral metastases
[18]. Several reasons may explain the unsatisfyingly high rate
of incomplete resections: (1) Surgery of recurrent cerebral
metastases may be more challenging than first craniotomies
due to, e.g., scar formation, pseudoprogression, infiltration of
cerebral vessels, or eloquent brain areas. Infiltration of cere-
bral vessels and eloquent brain areas together with extensive
scar formation could impede complete surgical resection. In
fact, in more than half of incompletely resected metastases in
the present study, the surgeons did not intend a complete sur-
gical resection because cerebral vessels were either infiltrated
by the metastasis or were involved in extensive scar formation
(n = 4) or due to infiltration of eloquent brain areas (n = 3). In
comparison, resection had been classified as complete by the
surgeon in 92.3% in the previous study analyzing the degree
of the first craniotomy for a cranial metastasis [18]. (2)
Reliable intraoperative differentiation between scar formation
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and tumor infiltration by the surgeon may be more difficult
after extensive previous treatments leading to higher rate of
unintended incomplete surgical resections. (3) Reliable dis-
crimination between posttherapeutic tissue changes on MRI
(e.g., scar formation) and residual tumor parts may also be
challenging. As we did not gather histopathological samples
from the resection cavity, we cannot completely exclude that
isolated residual contrast-enhancing parts on the postoperative
MRI may not be residual tumor tissue but scar formation.
However, residual contrast-enhancing parts on MRI might
unlikely be scar if removed contrast-enhancing parts were
verified as tumor by histopathological analysis.

The unsatisfying high rate of incomplete resections is in
line with some previous reports: The previous study by
Schackert and coworkers reported a similarly high rate of
subtotal surgical resection of local and distant recurrences
(41.8%) [36]. In contrast, others observed no subtotal resec-
tions [2]. The local in-brain progression rate was 37.8% and
therefore slightly higher than our previously reported local in-
brain progression rate after first craniotomy (30.8%) [18]. The
higher local in-brain progression rate in the case of recurrence
might well be explained by the higher rate of subtotal resec-
tions. Possibly, those metastases showing multiple recurrences
exhibit more aggressive biological behavior (e.g., as may be

Fig. 2 Time to local in-brain progression rate. Figure 2 summarizes time
to local in-brain progression for the subgroups of completely, incomplete-
ly, and questionable completely resected locally recurrent metastases.

Time to local in-brain progression was defined as time span between
surgery of a recurrent metastasis and a further (second) local in-brain
progression or recurrence or death

Fig. 3 Overall survival after surgery of a locally recurrent cerebral metastasis
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more brain-invasive) than metastases in which local control
could be achieved [20].

Extent of surgical resection as assessed by an early postop-
erative MRI was the only predictor for local in-brain progres-
sion. However, this correlation was only significant when de-
fining a significance level of p = 0.05 but not after significance
level correction for multiple testing. This observation is likely
related to the small number of patients included in this study
and may be confirmed in a greater patient collective. Extent of
surgical resections was recently shown to be crucial for the
local in-brain progression rate of cerebral metastases and other
(malignant) brain tumors. Residual tumor tissue was verified
by early postoperativeMRI in up to 20% after first craniotomy
of cerebral metastases. Complete surgical resection and resid-
ual tumor verification significantly correlate with the rate of
local in-brain progression [18]. For malignant glioma, the de-
gree of surgical resection is well known to correlate with the
progression-free survival in prospective, randomized, and
controlled studies [37, 41–43]. Furthermore, recent retrospec-
tive analyses revealed a significant influence of the extent of
re-resections of recurrent glioblastoma and the progression-
free survival [34, 35]. Our present study suggests that resec-
tion degree of recurrent cerebral metastases similarly deter-
mines local in-brain progression rate. Beyond complete tumor
removal, a Bsupramarginal^ resection with extension of the
resection beyond the contrast-enhancing borders of the tumor
(or the flair lesion for low-grade glioma) was considered to
additionally improve local control in cerebral metastases [17,
19, 34, 44] and low-grade glioma [13] and also results in an
improved overall survival of glioblastoma patients [15].
However, the impact of supramarginal resection has yet to
be analyzed for recurrent metastases.

The degree of surgical resection of cerebral metastases and
all other assessed parameters had no influence on overall sur-
vival in the present analysis. Previous studies have revealed
different factors influencing overall survival including sys-
temic disease status [4, 8], gender [8], primary tumor [8],
preoperative performance as assessed by the Karnofsky per-
formance scale [4, 8, 22], latency to recurrence [8, 36], and
again degree of surgical resection [36]. However, the results of
all these studies remain contradictory, and predictors identi-
fied in one study could not be verified in another. Possible
explanations for contradictory results are the long periods in
which patients were studied (from 1976 to 2013), the retro-
spective, uncontrolled study design, heterogeneity of patients
included, and the limited number of patients per study.
Therefore, prospective and controlled studies are required.

Overall survival was significantly longer as compared to
the survival prediction by ds-GPA. Of note, ds-GPA was de-
signed for patients with newly diagnosed cerebral metastases
and not for patients with recurrent metastases. One explana-
tion for the better overall survival is likely the high rate in
which local control was finally achieved (91.9%). Despite

the high rate of local control, leptomeningeal carcinomatosis
was observed in 36% of patients.

Limitations

We acknowledge several limitations of our present study: (1)
The results of our analysis are limited by the retrospective
single-center study design. Other surgical techniques in other
neurooncological centers could result in a higher rate of com-
plete surgical resections. Metastases were resected by circum-
ferential stripping of the cerebral metastasis from the sur-
rounding brain tissue. Craniotomies involved use of ultra-
sound and a navigation system and were performed in a mi-
crosurgical approach. For eloquently situated metastases, sur-
gery was performed with intraoperative neurophysiological
monitoring and if necessary as awake craniotomy. The tech-
nique is state of art, and we are not aware of any significant
difference in our technique and that employed by others; (2)
the present patient population was heterogeneous regarding
the different primary tumors and different tumor stages.
Moreover, distribution of histology and primary cancer in
the present study does not represent the distribution known
from the primary situation [12]: Patients with malignant mel-
anoma (8.3%) or breast cancer (5.6%) metastases were under-
represented in the cohort. Investigating a more homogeneous
population with clearly defined adjuvant therapy concepts
may allow for a more distinct overview on the oncological
impact of employed treatment and techniques. (3) The present
patient population was also heterogeneous regarding different
adjuvant and systemic therapy concepts before craniotomy of
their recurrent metastases: (a) Adjuvant therapy concepts after
first and re-craniotomy are still matter of debate and must be
evaluated in further studies. WBRTwas the gold standard and
recommended by the guidelines for a long time. Its oncolog-
ical impact was questioned after the EORTC 22952-26001
study:WBRT leads to significantly lower local recurrence rate
and has no influence on overall survival but significantly im-
pacts patients’ neurocognitive function and quality of life [9,
24, 39]. As other neurooncological departments, we do not
routinely recommendWBRTafter complete surgical resection
of a single cerebral metastasis. This is one explanation for the
heterogeneity in our patient cohort. Standards for the best
adjuvant treatment after metastasectomy are not established
and are analyzed in a number of recently published and initi-
ated studies (e.g., NOA-14/HIPPORAD-study, C-O-Met
study) [9, 29]. Evidence for the best adjuvant therapy is even
scarcer for the recurrence situation. (b) Due to their different
primary tumors and tumor stages, the present patient popula-
tion was more heterogeneous regarding their previous system-
ic therapy. Next to different biological behavior of various
carcinomas [20], the heterogeneity of treatment and treatment
response of different cancers may be crucial in understanding
their behavior inside and outside of the brain. In particular,
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brain metastases of different primary tumors differ in their
response rates to chemotherapy. Metastases from breast can-
cer show an intermediate response, whereas metastases form
malignant melanoma and NSCLC show low rates [38].
Furthermore, conventional chemotherapy and target therapies
(e.g., in the treatment of malignant melanoma) may benefi-
cially influence cerebral metastatic spread [5, 6]. Therefore,
the comparatively low incidence of patients with locally re-
current brain metastasis from malignant melanoma and breast
cancer in the present series may reflect the effectiveness of a
previous systemic therapy. (4) The number of patients includ-
ed in the present study is very limited. A larger population is
required to achieve more meaningful results. Surprisingly, re-
craniotomy for cerebral metastases seems to be a comparative-
ly rare indication (e.g., about 1.2% of all surgery for malig-
nancy in our department and 2.2% of all craniotomies in the
recent study of Kennion and Holliman) [22], and all recent
studies included a limited number of patients (27–69 patients).
Well-conducted studies with a larger patient number are need-
ed and may require multi-center pooling of data when possi-
ble. (5) Detection of residual tumor tissue on an early MRI
following recurrent metastasis surgery was the only predictor
for further local in-brain progression when defining a signifi-
cance level of p = 0.05 but not if defining a Šidák-adjusted (p =
0.0051) or Bonferroni-adjusted (p = 0.005) significance level.
Furthermore, no correlation between the PFS and the resection
status was observed. A higher number of patients may have led
to a stronger correlation. (6) Extent of surgical resection on
early postoperative MRI could not be reliably evaluated in
21.6% of patients. This rate is comparable to the previous rate
of 18.5% in which a final decision on degree of resection could
be made after first craniotomy for cerebral metastases.
Reducing this uncertainty represents a challenge to neuroradi-
ology. (7) To date, an early postoperative MRI is probably the
gold standard in evaluating the degree of the first surgical re-
section of cerebral metastases and was recommended by the
most recent European guideline for diagnosis and treatment of
brain metastases from solid tumors [38]. Despite not being
standard in all neurooncological departments, an early postop-
erativeMRI was used to estimate the degree of metastasectomy
in several prospective and retrospective studies [e.g., 17–19, 24,
34]. Residual tumor tissue was frequently observed after first
metastasectomy and was considered to represent a factor re-
sponsible for high recurrence rates seen in these patients [18].
However, the oncological impact of an early postoperativeMRI
after resection of recurrent brain metastases has yet to be sys-
tematically analyzed. As described before, for malignant and
firstly diagnosedmetastases, postoperativeMRI was performed
within 72 h after resection [18, 42]. The period of 72 h follow-
ing surgery allowing valid discrimination between residual tu-
mor and postoperative reactions has been evaluated for malig-
nant glioma but never for cerebral metastases. Furthermore, it
remains unclear whether higher field intensities of MRI (e.g.,

1.5 vs. 3 T) would enable a more reliable detection of residual
tumor t issue. As a differentiat ion between scar/
pseudoprogression and residual and recurrent metastatic tissue
remains challenging, metabolic imaging (e.g., by an FET-PET)
may be an additional option [28]. (8) The ds-GPA was per-
formed on data of 4259 patients with newly diagnosed cerebral
metastasis [40]. As a result, prognostic factors for patients with
cerebral metastases were related to the primary site.We used the
ds-GPA for an estimation of the prognosis of patients with
recurrent metastases. (9) A comparably high percentage
(75%) of patients suffered from an uncontrolled systemic dis-
ease status. In addition to insufficiency of previous treatment,
local in-brain progression as inclusion criteria in the present
population may also be a reflection of this uncontrolled system-
ic disease status. Further studies should analyze potential influ-
ence of the systemic disease status on the local recurrence rate.

Conclusions

Systematic analysis of resection of locally progressive cere-
bral metastasis results in a high percentage of incomplete re-
sections on early postoperative MR and in a comparatively
high local in-brain progression rate. The degree of surgical
recurrent metastasis resection was the only predictor of local
recurrence but had no influence on overall survival. Despite
the high rate of incomplete resections and of local in-brain
progression, local control could finally be achieved in 91.9%
after further surgeries or adjuvant radiation. However, 5.5% of
patients died from isolated in-brain progression and 33% pa-
tients from systemic and cerebral tumor progression. Mean
overall survival was 12.9% months, and 22.2% of patients
experienced overall survival exceeding 24 months.
However, this study involves a limited number of heteroge-
neous patients, and larger, prospective controlled studies are
therefore required. Considering the adequate local tumor con-
trol achieved in the vast majority of patients, surgery of recur-
rent metastases may represent one option in a multi-modal
treatment approach of patients suffering from locally recurrent
cerebral metastases.
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4. Discussion 

 

4.1 Risk factors for in-brain local progression in elderly patients after resection of cerebral 

metastases  

With permission from Scientific Reports, May 2019; Volume 9 (1): Page 7431  

 

Although the exact incidence of cerebral metastases from solid cancers is unknown, intracerebral 

metastases are the most frequent brain tumors with a 3-5 times higher incidence than newly 

diagnosed primary malignant brain tumors each year [282,283]. Incidence of cerebral metastases 

was considered to increase from 2.8–11.1 per 100,000 population in the years before 1990 to an 

incidence of 7–14.3 per 100,000 population in more recent studies [283]. Cumulative incidence of 

cerebral metastases may be age-related as the highest cumulative incidence is observed in patients 

with primary breast cancer at the age between 20 and 39 years, in lung cancer patients at the fifth 

decade and in malignant melanoma patients at the sixth decade of life [28]. Cumulative incidence 

is considered to be lowest for all primary cancers in the age group above 70 years, with exception 

of melanoma [28]. Despite the presumably lower incidence of cerebral metastases in elderly 

patients, incidence in this subgroup increases due to the high number of elderly patients, general 

increase of occurrence of cerebral metastases, improved diagnosis of brain metastases and better 

treatment of the primary cancer. Moreover, age above 60 years was one major risk factor for 

impaired overall survival (OS) in an early prospective randomized study comparing combined 

treatment of surgery and adjuvant whole-brain radiation therapy (WBRT) with an exclusive WBRT 

[284]. A recent individual patient data meta-analysis of 3 randomized trials of stereotactic 

radiosurgery (SRS) with or without WBRT for 1 to 4 cerebral metastases suggested that age might 

be a factor influencing the efficiency of an adjuvant WBRT following SRS. For patients < 50 years 

of age, SRS alone favoured survival and an additional WBRT did not impact the distant in-brain 

progression rate. Adjuvant WBRT significantly decreased the risk of new cerebral metastases 

without affecting the OS in patients aged > 50 years [285]. Some recent retrospective studies 

reported age as a risk factor for a reduced survival [286]. The Dutch prospective and randomized 

study (surgery and WBRT vs. WBRT alone) identified age as a major determinant for OS 

[284,223]. Age is therefore still considered to be a determinant of treatment and prognosis in this 

pathology in recent guidelines [162]. Recent studies analyzing the impact of metastasectomy in 

elderly patients focused on reporting perioperative mortality and morbidity rates but not on 

evaluation of oncological outcome parameters.  
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The main results of our analysis are as follows: (1) the local in-brain recurrence after surgical 

resection of a brain metastases in patients above 65 years of age is 25.6 % with a median time to 

occurrence of three months; (2) in patients above 65 years of age tumor-remnant in an early 

postoperative MRI was the only risk factor for local in-brain recurrence and (3) the median overall 

survival was 13 months in the present series.  

 

Most studies analyzing the impact of cerebral metastasis resection focus on reporting perioperative 

morbidity and mortality rates but omit oncological outcome parameters such as (local) in-brain 

progression and survival. Median overall survival was 13 months after metastasectomy in the 

present retrospective series of elderly patients aged 65 years and over. It ranged between 2.8 and 

18 months in recent prospective randomized and controlled phase III trials including surgery as 

treatment of cerebral metastases (e.g. 11.6 and 12.2 months in the NCCTG N107C/CEC·3 trial by 

Brown et al. [287]; 17 and 18 months in the study by Mahajan et al. [288]; 2.8 months in the trial 

by Roos et al. [289], 10.7 and 10.9 months in the EORTC 22952-26001 study by Kocher et al. [11], 

respectively). Although results from retrospective studies have limited comparability to those 

derived from prospective randomized and controlled phase III trials, median survival in the present 

analysis seems to be comparable to those in recent phase III studies. However, overall survival was 

related to the treatment of cerebral metastases only in early phase III trials from the 1990s (Patchell 

et al. [222]; Vecht et al. [223]) but not in more recent phase III trials (e.g. Kocher et al. [11]; Brown 

et al. [287]; Mahajan et al. [288]). Occurrence of single cerebral metastasis and the choice of their 

treatment modalities may therefore be insufficient to predict survival of patients – even in elderly 

patients. In contrast, treatment of cerebral metastases is well known to influence the local and 

distant in-brain progression as well as patients’ quality of life. In the present study, local recurrence 

rate was 25.6%, the distant development rate was 26.9 %. These rates are congruent with our 

previous results and the recurrence rates reported in prospective randomized and controlled phase 

III trials. Therefore, elderly patients have comparable in-brain progression and overall survival as 

reported from previous oncologic patient cohorts.  

 

After thorough analysis, tumor-remnant in the early postoperative MRI as described in [159] was 

the only statistically significant risk factor for local recurrence. Relevance of early postoperative 

MRI in oncological patients has already been defined [159,290]. Although many factors (e.g. 

surgical technique, number of metastases, local control) have been proposed as the cause of local 
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recurrence and distant development or carcinomatous meningitis [252,251,290,40,96,246], we 

could not establish another association or correlation in patients above 65 years of age.  

 

In the present population, we observed no severe complication and no case fatalities within the first 

30 days after surgery. The pre- and postoperative NIHSS, as well as KPS and follow-up visits 

showed no immediate or mediate deteriorations or complications. The median pre- and 

postoperative NIHSS was 1 without significant differences suggesting no new neurological deficits 

due to metastasectomy and a favorable overall surgical outcome. Perioperative morbidity and 

mortality were considered to be elevated in elderly patients in some neurosurgical but non-

oncological series [291]. However, this may only partially be true for geriatric patients with 

cerebral metastases. Within a retrospective analysis of a United States inpatient sample, 4.907 

patients aged 64 years and above were identified who underwent brain metastases resection. This 

study concluded that surgical resection of brain metastases among the elderly up to the ninth decade 

of life is feasible but that age above 80 years and comorbidities were important prognostic factors 

for inpatient outcome [292].  

  

Our study presents some limitations: (1) 78 geriatric patients suffering from cerebral metastases 

within a period of 7 years were included. This is based on a very dense net of exclusion criteria. 

Therefore, this cohort might not be representative for all geriatric patients. However, the present 

cohort is heterogeneous in terms of different primary sites and adjuvant therapies. Furthermore, a 

subgroup analysis for patients with urgent or acute surgery for brain metastasis was not performed. 

Due to the acute setting, proper planning and supplementary accessories might have been 

impossible to accomplish and thus have resulted in a higher probability of tumor-remnant or an 

increased risk of complications. (2) Extent of surgical resection was analysed by an early 

postoperative-MRI. In the current literature, only few retrospective studies analysed the impact of 

this method in diagnosing residual tumor tissue [163,159]. A definite conclusion regarding the 

resection degree was not possible in 28.2% for several reasons, e.g. residual tumor tissue could not 

reliably be differentiated from dilated vessels in the wall of the resection cavity, poor image quality 

(e.g. due to patient motion), blood in the resection. The early postoperative MRI revealed an 

incomplete surgical resection in 19.2%. The comparatively high rate of incompletely and 

questionably completely resected metastases is in line with previous non-geriatric series [159]. (3) 

A median time-to-local recurrence of 3 ± 2.9 months (0 - 10 months) is fairly low. Time-to-local 

in brain-progression was therefore lower as in the recent phase III trials (e.g. 7.6 months and not 

reached in the recent phase III trial by Mahajan et.al. [288]). The reason for the comparatively low 
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time-to-local in-brain progression remains unclear. One explanation might be the high rate of 

incomplete surgical resection or patients without any adjuvant radiation therapy (19.2% each) and 

the significant correlation between verification of tumor remnants on an early MRI and a later local 

in-brain progression. We are not aware of any studies directly analyzing a potential correlation 

between local recurrence and death. Several recent phase III studies addressed the local control and 

/ or the overall survival after treatment of 1 – 4 cerebral metastases. Except the study by El Gantery 

et al. [293], none of the studies observed an effect of the therapy modality on the overall survival 

but nearly all studies showed a significant effect on the local control. [5, 6, 10, 11, 13] (4) Current 

prognostic indicators were not performed or analyzed in our population. A comparative analysis 

between our data and known literature cannot be performed. (5) Moreover, preoperative evaluation 

of the geriatric population should be required in order to increase quality of care, identify unknown 

entities, reduce complications and improve outcome [294]. There are many tools to preoperatively 

assess geriatric patients. Although there are still some discrepancies [295] and new innovative tools 

are being studied [296], the most common and thorough tool utilized to identify those patients with 

higher risk for worse outcome or a greater benefit from surgical treatment is the comprehensive 

geriatric assessment [297]. Interestingly, most of the tools (if not all) use the KPS described in 1948 

as a base [298]. Still, a unified guideline for this subgroup of patients has yet to be established. In 

our study, we did not perform any geriatric assessment. Nonetheless, the pre- and postoperative 

NIHSS, as well as KPS and follow-up visits showed no immediate or mediate deteriorations or 

complications, and more importantly, they represent an adequate parameter. However designed for 

other reasons and purposes [299-301], the NIHSS seems a feasible tool. (6) The influence of 

comorbidities, multi-organ metastatic disease, current medication and other elective or palliative 

surgeries was not taken into account. (7) Controlled or absent systemic neoplastic disease was 

assumed according to the clinical status and routine blood work. No evidence was established to 

prove that fact. (8) Another subgroup analysis of patients, in whom a palliative intervention therapy 

was performed, was also not analyzed separately. How this affects the course of disease, the type 

of therapy received additionally or the influence on overall survival remains unknown. (9) Patients’ 

adherence, compliance, complications or changes altogether regarding adjuvant therapy were not 

analyzed. (10) Preoperative elaborate analysis of geriatric patients was not performed. 

 

Local in-brain recurrence after surgical resection of a brain metastasis in patients above 65 years 

of age was 25.6%. Tumor-remnant in early postoperative MRI is the only risk factor for local in-

brain recurrence. Mean overall survival was 13 months. Oncological parameters in the present 

cohort seem not to differ from recent phase III studies with non-geriatric patients. 
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4.2 Implication of 5-ALA fluorescence of cerebral metastases on local recurrence and overall 

survival  

With permission from Journal of Neuro-Oncology, February 2019; Volume 141 (3): Pages 547-

553 

 

Treatment of cerebral metastases remains challenging, as treatment should ensure a long-lasting 

local control without affecting the quality of life. In particular, local control of cerebral metastases 

might be a problem as local in-brain progression rates were up to 50% in recent studies [11,10,12]. 

Incomplete and piecemeal-resections of cerebral metastases were considered as risk factors for 

local in-brain progression [40,251,252,302,303,159,304-306]. 5-aminolevulinic acid (5-ALA) 

fluorescence-guided resection technique was first introduced for malignant glioma. This technique 

is related to a more exhaustive surgical resection and subsequently an improved progression-free 

survival [307,160,308]. Recently, PpIX-fluorescence in cerebral metastases was considered a 

favorable parameter for a long-lasting local tumor control after metastasectomy – independent of 

the degree of surgical resection [309]. Although no correlation was found in the later study between 

the PpIX-fluorescence in cerebral metastases and the overall survival, the relatively small study 

group might have skewed the results. 

 
This study represents one of the largest analyses of PpIX-fluorescence in brain metastases. The 

main observations of the present analysis were as follows: (1) PpIX-behavior of cerebral metastases 

had no statistically significant influence on the degree of surgical resection, (2) a trend towards a 

significant higher local recurrence rate in PpIX-non-fluorescent metastases, and (3) PpIX-

fluorescent metastases had a favorable outcome with a prolonged progression-free interval and 

overall survival in the present series.  

 

In our present study, PpIX fluorescence behavior had no influence on the extent of resection or 

strategy of adjuvant therapy. The dichotomized degree of surgical resection was not significant 

related to the dichotomized PpIX-fluorescent and non-fluorescent cerebral metastases. Unintended 

remnants of metastatic tumor tissue are frequently observed after intended complete 

metastasectomy, and can be verified by an early postoperative MRI [163,159]. Moreover, residual 

tumor tissue is believed to be a risk factor for a later local recurrence [159,304]. In contrast to 

malignant glioma, 5-ALA fluorescent guidance of cerebral metastases resection might not be 

optimal to detect residual metastatic tumor tissue after macroscopically complete resection. Several 

previous studies reported 5-ALA fluorescence behavior of cerebral metastases [310-318]. Most 
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studies included less than 10 patients. Apart from previous studies, three further studies with more 

than 10 patients with totally 114 patients showed PpIX-fluorescence of cerebral metastases in 52%, 

73% and 82%, respectively [316,313,311]. PpIX-fluorescence of the tumor bed can frequently be 

observed after metastases resection, but residual tumor cells can only be histologically verified by 

a subset of biopsies taken from these areas [312,315,316]. Furthermore, a strong PpIX-fluorescence 

of the adjacent tumor bed occurs even in 5-ALA negative metastases [315,312]. Therefore, 5-ALA 

technique does not allow reliable visualization of residual tumor after metastases resection, and a 

strongly fluorescent resection cavity does not necessarily contain residual tumor. However, current 

evidence is poor and further studies are required [319]. Nevertheless, PpIX fluorescence of cerebral 

metastases might be of prognostic value. In the present study we observed a trend towards a 

significantly higher local recurrence rate in PpIX-non-fluorescent metastases and a significantly 

progression-free and overall survival in PpIX-fluorescent metastases. The trend towards an 

improved local control and a longer progression-free survival cannot be explained by a better 

degree of surgical resection in these metastases. This is in line with our previous report [320]. 

Interestingly and unexpectedly, overall survival was also correlated with the fluorescence behavior. 

Overall survival was independent of the treatment modalities in almost all recent phase III studies 

including patients with single cerebral metastases [287,11,288,289]. This suggests that the overall 

survival is not related to the occurrence and treatment of single brain metastases but to systemic 

cancer progression. PpIX-fluorescence of cerebral metastases might be an intrinsic factor related 

to a more benign character of brain metastases and the primary cancer. Loss of PpIX-fluorescence 

might reflect a more aggressive behavior of brain metastases. The more aggressive behavior was 

not correlated with a specific histological subtype or primary site in the present and all recent 

studies. The less aggressive behavior of strongly fluorescent metastases probably relies on 

differences in the signaling of PpIX-fluorescent and non-fluorescent metastases: the ferrochelatase 

activity is related to PpIX accumulation in malignant cells but also to the aggressiveness of some 

tumors and to the outcome of patients with certain cancer types [321,309,319,322]. However, 

further translational and clinical studies are required to estimate the diagnostic and prognostic use 

of 5-ALA in cerebral metastases.  

 

We do acknowledge several limitations in our present study: (1) it represents a secondary analysis 

with an updated follow-up of patients included in two previous studies and 82 additional patients, 

resulting in one of the largest analysis of PpIX-fluorescence in brain metastases, (2) As many 

retrospective metastases studies, this analysis includes a heterogeneous patient population. In 

particular, state of the adjuvant treatment changed since the first patients were treated. Adjuvant 
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treatment concepts are well-known to influence the local recurrence rate [287,11,288,289]. We do 

believe that the longer progression-free interval and overall survival time could also be due to a 

subgroup of patients receiving whole-brain radiation therapy. However, a subgroup analysis was 

not intended for statistical reasons as multiple testing requires a correction of the significance level. 

(3) Apart from the 5-ALA fluorescence behavior, many other factors such as the growth pattern of 

cerebral metastases or the mode of surgical resection (piecemeal vs. en bloc resection) might 

additionally influence the outcome and may confound our present results [40,252,251]. (4) The 

degree of resection was dichotomized into complete vs. incomplete or questionable complete 

resections. A reliable estimation of the resection degree might not have been possible in all cases 

[159]. Therefore, questionable tumor tissue was statistically considered like residual tumor tissue 

and might represent an additional bias in these results. Reducing the uncertainty in diagnosing 

residual tumor tissue on an early postoperative MRI represents a challenge to neuroradiology. (5) 

PpIX fluorescence was dichotomized into fluorescent or non-fluorescent (either non- or faintly 

fluorescent) by the neurosurgeon. However, some cerebral metastases show a patchy pattern of 

fluorescence and fluorescence intensity might range from a vague intensity to a solid deep red. 

Possibly, different fluorescence intensities might also be related to different outcomes. 

Furthermore, PpIX fluorescence intensity was related to the surgeon´s impression and might also 

vary according to the equipment used [323]. A quantitative estimation of 5-ALA fluorescence 

might give a more objective value and represents a challenge for further studies.  (6) The finding 

that PpIX positive metastases have a better prognosis would have some interest for oncologic 

biology, but to date does not seem so be significant for clinical purposes. Only half of the cerebral 

metastases exhibited PpIX-fluorescence. Furthermore, no studies showed a surgical or oncological 

benefit of 5-ALA fluorescence-guided resections. Moreover, a strongly fluorescent resection cavity 

does not necessarily contain residual tumor tissue [312,319]. 
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4.3 Predictors for a further local in-brain progression after re-craniotomy of locally 

recurrent cerebral metastases  

 
With permission from Neurosurgical Review, July 2018; Volume 41 (3): Pages 813-823 
 
About 20 to 40% of cancer patients develop cerebral metastases [240,324]. Surgical resection of 

single cerebral metastases is one important approach in a multimodal treatment and its benefit is 

well documented [222,290]. Subsequently, resection of single metastases is recommended by 

international guidelines for large tumors with a diameter of more than 2 - 3 cm, for surgically 

accessible metastases and patients with severe neurological burden and good general health [290]. 

However, surgical resection of cerebral metastases is frequently associated with failure of local 

control. Post-resection local tumor progression occurs in up to 60% of patients without any 

adjuvant therapy and in nearly 30% of patients receiving adjuvant whole-brain radiation therapy 

(WBRT) [12,10,11,159]. The comparatively high local failure rate after surgery or radiosurgery 

combined with the increased number and the improved prognosis of patients with malignancies 

has led to an increasing incidence of recurrent cerebral metastases. Treatment of recurrent cerebral 

metastases is an emerging challenge. Stereotactic radiosurgery, fractionated local or WBRT of 

locally recurrent metastases are well described and therefore represent valuable radiological 

treatment options [325-327]. As prospective and controlled studies are lacking, the oncological 

impact of (re-) irradiation of locally progressive metastases remains disputable. Re-irradiation 

harbors a significant risk of local complications such as radionecrosis [290]. An alternative 

treatment option is the microsurgical resection of recurrent metastases. Surgery for recurrent 

metastases is recommended by the latest European and American guidelines especially for patients 

with locally accessible metastases, good neurological condition and stable extracranial disease, 

and a relatively long latency to recurrence [290,328-330]. However, the oncological impact of 

craniotomy for recurrent cerebral metastases remains disputable and high-quality analyses have 

yet to be published.  Recent evidence (evidence level IIIB) has been obtained from five 

retrospective case series [264,262,249,331,332]. All of these included both patients suffering from 

local and distant in-brain progression. Risk of peri-operative surgical complications, rate of 

incomplete surgical resections and incidence of further local in-brain progressions will likely be 

higher for locally recurrent metastases with extensive previous surgical and radio-oncological 

treatment as compared to distant metastases without any previous local therapy. While recent 

studies focused on identification of factors influencing overall survival, predictors of local failure 

after resection of recurrent metastases have yet to be identified.  
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There are three key findings in this study: 1) complete surgical resection of locally recurrent 

cerebral metastases as confirmed by early postoperative MRI could only be achieved 37.8%; 2) 

detection of residual tumor tissue on early postoperative MRI following recurrent metastases 

surgery correlated with further local in-brain progression when defining a significance level of p = 

0.05 but not after Šidák- or Bonferroni significance level correction for multiple testing and; 3) 

definite local tumor control could finally be achieved in 91.9% despite further local in-brain 

progression in 37.8%. Overall survival after recurrent metastasectomy was significantly longer than 

predicted by ds-GPA.  

 

As prospective and controlled studies are lacking deciding upon the best treatment for recurrent 

cerebral metastases remains a challenge. To our best knowledge, to date only 5 retrospective case 

series have analyzed the impact of surgical resection of locally progressive brain metastases 

[332,331,264,262,249]. The oncological impact of a re-craniotomy of locally progressive cerebral 

metastases after previous surgery with and without previous irradiation remains unclear. 

Furthermore, local in-brain progression rates are well documented for the first recurrence but not 

for further recurrences. In the present study MRI-verified complete surgical resection of recurrent 

metastases was achieved in nearly 40% of patients. Rate of incomplete surgical resections was 

40.5%. Therefore, proportion of subtotal resections of recurrent metastases is twice the incidence 

of incomplete resections known from craniotomies for firstly diagnosed cerebral metastases [159].  

 

Several reasons may explain the unsatisfyingly high rate of incomplete resections: (1) Surgery of 

recurrent cerebral metastases may be more challenging than first craniotomies due to e.g. scar 

formation, pseudo progression, infiltration of cerebral vessels or eloquent brain areas. Infiltration 

of cerebral vessels and eloquent brain areas together with extensive scar formation could impede 

complete surgical resection. In fact, in more than half of incompletely resected metastases in the 

present study, the surgeons did not intend a complete surgical resection because cerebral vessels 

were either infiltrated by the metastasis or were involved in extensive scar formation (n = 4) or due 

to infiltration of eloquent brain areas (n = 3). In comparison, resection had been classified as 

complete by the surgeon in 92.3% in the previous study analysing the degree of the first craniotomy 

for a cranial metastasis [159]. (2) Reliable intraoperative differentiation between scar formation 

and tumor infiltration by the surgeon may be more difficult after extensive previous treatments 

leading to higher rate of unintended incomplete surgical resections. (3) Reliable discrimination 

between post-therapeutic tissue changes on MRI (e.g. scar formation) and residual tumor parts may 

also be challenging. As we did not gather histo-pathological samples from the resection cavity, we 
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cannot completely exclude that isolated residual contrast-enhancing parts on the postoperative MRI 

may not be residual tumor tissue but scar formation. However, residual contrast-enhancing parts 

on MRI might unlikely be scar if removed contrast-enhancing parts were verified as tumor by 

histopathological analysis. The unsatisfying high rate of incomplete resections is in line with some 

previous reports: The previous study by Schackert and coworkers [332] reported a similarly high 

rate of subtotal surgical resection of local and distant recurrences (41.8%). In contrast, others 

observed no subtotal resections [264]. The local in-brain progression rate was 37.8% and therefore 

slightly higher than our previously reported local in-brain progression rate after first craniotomy 

(30.8%) [159]. The higher local in-brain progression rate in the case of recurrence might well be 

explained by the higher rate of subtotal resections. Possibly, those metastases showing multiple 

recurrences exhibit more aggressive biological behavior (e.g. as may be more brain-invasive) than 

metastases in which local control could be achieved [302]. Extent of surgical resection as assessed 

by an early postoperative MRI was the only predictor for local in-brain progression. Extent of 

surgical resections was recently shown to be crucial for the local in-brain progression rate of 

cerebral metastases and other (malignant) brain tumors. Residual tumor tissue was verified by early 

postoperative MRI in up to 20% after first craniotomy of cerebral metastases. Complete surgical 

resection and residual tumor verification significantly correlates with the rate of local in-brain 

progression [159]. For malignant glioma, the degree of surgical resection is well known to correlate 

with the progression-free survival in prospective, randomized and controlled studies 

[161,307,333,334]. Furthermore, recent retrospective analyses revealed a significant influence of 

the extent of re-resections of recurrent glioblastoma and the progression-free survival [335,336]. 

Our present study suggests that resection degree of recurrent cerebral metastases similarly 

determines local in-brain progression rate. Beyond complete tumor removal, a “supramarginal” 

resection with extension of the resection beyond the contrast-enhancing borders of the tumor (or 

the flair lesion for low-grade glioma) was considered to additionally improve local control in 

cerebral metastases [12,335,306,303] and low-grade glioma [337] and also results in an improved 

overall survival of glioblastoma patients [338]. However, the impact of supramarginal resection 

has yet to be analyzed for recurrent metastases. The degree of surgical resection of cerebral 

metastases and all other assessed parameters had no influence on overall survival in the present 

analysis. Previous studies have revealed different factors influencing overall survival including 

systemic disease status [262,249], gender [249], primary tumor [249], pre-operative performance 

as assessed by the Karnofsky Performance Scale [249,262,331], latency to recurrence [249,332], 

and again degree of surgical resection [332]. Overall survival was significantly longer as compared 

to the survival prediction by ds-GPA. Of note, ds-GPA was designed for patients with newly 
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diagnosed cerebral metastases and not for patients with recurrent metastases. One explanation for 

the better overall survival is likely the high rate in which local control was finally achieved (91.9%).  

Despite the high rate of local control, leptomeningeal carcinomatosis was observed in 36% of 

patients.  

 

We acknowledge several limitations of our present study: (1) the results of our analysis are limited 

by the retrospective single-center study design. Other surgical techniques in other neuro-

oncological centers could result in a higher rate of complete surgical resections. Metastases were 

resected by circumferential stripping of the cerebral metastasis from the surrounding brain tissue. 

Craniotomies involved use of ultrasound, a navigation system and were performed in a 

microsurgical approach. For eloquently situated metastases, surgery was performed with 

intraoperative neurophysiological monitoring and if necessary as awake craniotomy. The technique 

is state-of-art and we are not aware of any significant difference in our technique and that employed 

by others; (2) the present patient population was heterogeneous regarding the different primary 

tumors and different tumor stages. Moreover, distribution of histology and primary cancer in the 

present study does not represent the distribution known from the primary situation [324]: Patients 

with malignant melanoma (8,3%) or breast cancer (5,6%) metastases were underrepresented in the 

cohort. (3) The present patient population was also heterogeneous regarding different adjuvant and 

systemic therapy concepts before craniotomy of their recurrent metastases: (a) Adjuvant therapy 

concepts after first and re-craniotomy are still matter of debate and must be evaluated in further 

studies.  WBRT was the gold standard and recommended by the guidelines for a long time. It´s 

oncological impact was questioned after the EORTC 22952-26001 study: WBRT leads to 

significantly lower local recurrence rate, has no influence on overall survival but significantly 

impacts patients’ neurocognitive function and quality of life [287,11,236]. As other 

neurooncological departments, we do not routinely recommend WBRT after complete surgical 

resection of a single cerebral metastasis. This is one explanation for the heterogeneity in our patient 

cohort. Standards for the best adjuvant treatment after metastasectomy are not established and are 

analyzed in a number of recently published and initiated studies (e.g. NOA-14 / HIPPORAD-study, 

C-O-Met study) [288,287]. Evidence for the best adjuvant therapy is even scarcer for the recurrence 

situation. (b) Due to their different primary tumors and tumor stages, the present patient population 

was more heterogeneous regarding their previous systemic therapy. Next to different biological 

behavior of various carcinomas [302] the heterogeneity of treatment and treatment response of 

different cancers may be crucial in understanding their behavior in and outside of the brain. In 

particular, brain metastases of different primary tumors differ in their response rates to 
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chemotherapy. Metastases from breast cancer show an intermediate response whereas metastases 

form malignant melanoma and NSCLC show low rates [290]. Furthermore, conventional 

chemotherapy and target therapies, (e.g. in the treatment of malignant melanoma), may beneficially 

influence cerebral metastatic spread [339,340]. Therefore, the comparatively low incidence of 

patients with locally recurrent brain metastasis from malignant melanoma and breast cancer in the 

present series may reflect the effectiveness of a previous systemic therapy. (4) the number of 

patients included in the present study is very limited. Surprisingly, re-craniotomy for cerebral 

metastases seems to be a comparatively rare indication (e.g. about 1.2% of all surgery for 

malignancy in our department and 2.2% of all craniotomies in the recent study of Kennion et 

Holliman) [331] and all recent studies included a limited number of patients (27 – 69 patients). 

Well-conducted studies with a larger patient number are needed and may require multi-center 

pooling of data when possible; (5) Detection of residual tumor tissue on an early MRI following 

recurrent metastases surgery was the only predictor for further local in-brain progression when 

defining a significance level of p = 0.05 but not if defining a Šidák- (p = 0.0051) or Bonferroni-

adjusted (p = 0.005) significance level. Furthermore, no correlation between the PFS and the 

resection status was observed. A higher number of patients may have led to a stronger correlation; 

(6) extent of surgical resection on early postoperative MRI could not be reliably evaluated in 21.6% 

of patients.  This rate is comparable to the previous rate of 18.5% in which a final decision on 

degree of resection could be made after first craniotomy for cerebral metastases. Reducing this 

uncertainty represents a challenge to neuroradiology; (7) to date, an early postoperative MRI is 

probably the gold standard in evaluating the degree of the first surgical resection of cerebral 

metastases and was recommended by the most recent European guideline for diagnosis and 

treatment of brain metastases from solid tumors [290]. Despite not being standard in all 

neurooncological department, an early postoperative MRI was used to estimate the degree of 

metastasectomy in several prospective and retrospective studies use [335,11,341,306,159,303]. 

Residual tumor tissue was frequently observed after first metastasectomy and was considered to 

represent a factor responsible for high recurrence rates seen in these patients [159]. However, the 

oncological impact of an early postoperative MRI after resection of recurrent brain metastases has 

yet to be systematically analysed. As described before, for malignant and firstly diagnosed 

metastases, postoperative MRI was performed within 72 hours after resection [159,160]. The period 

of 72 hours following surgery allowing valid discrimination between residual tumor and 

postoperative reactions has been evaluated for malignant glioma but never for cerebral metastases. 

Furthermore, it remains unclear whether higher field intensities of MRI (e.g. 1.5 vs. 3 T) would 

enable a more reliable detection of residual tumor tissue. As a differentiation between scar / pseudo 
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progression and residual and recurrent metastatic tissue remains challenging, metabolic imaging 

(e.g. by an FET-PET) may be an additional option  [342]; (8) the diagnosis-specific Graded 

Prognostic Assessment (ds-GPA) was performed on data of 4,259 patients with newly diagnosed 

cerebral metastasis [343]. As a result, prognostic factors for patients with cerebral metastases were 

related to the primary site. We used the ds-GPA for an estimation of the prognosis of patients with 

recurrent metastases. (9) A comparably high percentage (75%) of patients suffered from an 

uncontrolled systemic diseases status. In addition to insufficiency of previous treatment, local in-

brain-progression as inclusion criteria in the present population may also be a reflection of this 

uncontrolled systemic disease status. Further studies should analyze potential influence of the 

systemic disease status on the local recurrence rate. Systematic analysis of resection of locally 

progressive cerebral metastasis results in a high percentage of incomplete resections on early post-

operative MR and in a comparatively high local in-brain progression rate. The degree of surgical 

recurrent metastases resection was the only predictor of local recurrence but had no influence on 

overall survival. Despite the high rate of incomplete resections and of local in-brain progression, 

local control could finally be achieved in 91.9% after further surgeries or adjuvant radiation. 

However, 5.5% of patients died from isolated in-brain-progression and 33% patients from systemic 

and cerebral tumor progression. Mean overall survival was 12.9 months and 22.2% of patients 

experienced overall survival exceeding 24 months. Considering the adequate local tumor control 

achieved in the vast majority of patients, surgery of recurrent metastases may represent one option 

in a multi-modal treatment approach of patients suffering from locally recurrent cerebral 

metastases. 
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