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Abstract

Background Microsurgical, circumferential stripping of
intracerebral metastases often proves to be insufficient to
prevent local tumor recurrence.

Objective We were interested in the potential impact of 5-
aminolevulinic acid (5-ALA)-induced-fluorescence (5-AIF)
as a diagnostic tool for the resection of intracerebral
metastases.

Methods A retrospective analysis was performed for 52
patients who underwent 5-AlF-guided resection for intra-
cerebral mass lesions that histologically corresponded to
metastases from tumors outside the central nervous system.
The presence of ALA fluorescence in the tumor was
determined in each patient. In 42 patients, fluorescence of
the resection cavity after tumor removal was additionally
recorded. Data were correlated with neuropathological
findings in tissue specimens.

Results A total of 32 of the 52 metastases (62%) exhibited
5-AIF in tumor parts. All 5-AlF-positive metastases
exhibited an inhomogeneous fluorescence pattern. 5-AIF
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was neither associated with the histological type nor with
the site of origin of the metastases. Residual fluorescence of
the resection cavity was detected after macroscopically
complete white light resection in 24 patients with 5-AIF
positive metastases. Residual tumor tissue was histologi-
cally confirmed in 6 of 18 patients with available tissue
specimens from such 5-AIF positive areas (33%).
Conclusions The majority of metastases (62%) were 5-AIF
positive, suggesting a potential impact of 5-AIF for
improved visualization of metastatic tumor tissue within
the brain. However, residual 5-AIF after macroscopically
complete resection of a metastasis needs to be interpreted
with caution because of the limited specificity for detection
of residual tumor tissue.

Keywords Ala-derived fluorescence - Cerebral metastasis -
Resection - Histopathological features - Surgery

Introduction

Intracerebral metastases are the most common intracranial
neoplasms in adults, comprising more than half of all brain
tumors [5]. Microsurgical resection by circumferential
stripping from the surrounding brain tissue, though an
established treatment concept, is often insufficient to
achieve local tumor control [10]. For malignant gliomas,
the introduction of 5-aminolevulinic acid (5-ALA)-derived
fluorescence-guided resection has significantly improved
local tumor control, as demonstrated by more complete
resections and an improved 6-month progression-free
survival as compared to conventional white light resection
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[16-18]. 5-ALA-induced fluorescence (5-AIF) is seen not
only in malignant gliomas, but also in various tumors outside
the central nervous system, such as lung, prostate, colorectal
and bladder carcinomas [1, 7-9, 12, 13, 22]. Various 5-ALA
fluorescence-based treatment concepts have been established
for these malignancies. As yet, there is no systematic
approach to determine the impact of 5-ALA-induced
fluorescence for the intraoperative visualisation of intracere-
bral metastases. Here, we report a retrospective analysis of 5-
AIF patterns in intracerebral metastases in order to evaluate
the role of this method as a potential adjuvant tool for
neurosurgical resection of these tumors.

Material and methods

Between October 2008 and November 2010, a total
number of 471 patients with intracerebral lesions preop-
eratively considered as being suspicuous for high-grade
gliomas were treated at our institution by open resection
using 5-AlF. Retrospective analysis of this patient cohort
revealed 52 patients with intracerebral metastases from
primary tumors outside the central nervous system. In 21
of the 52 patients, the respective primary tumors were
unknown at the time of neurosurgical intervention and
only later discovered upon postoperative clinical staging.
The remaining 31 patients had been diagnosed with cancer
outside the nervous system before neurosurgery. However,
malignant glioma/glioblastoma was raised as a differential
diagnosis on preoperative neuroimaging; hence, these
patients were subjected to 5-ALA-based resection. None
of the patients demonstrated any adverse effects related to
the administration of 5-ALA. Retrospective analysis of the
patient data was approved by the local ethics committee of
the Medical Faculty, Heinrich Heine University (study no.
3307).

Clinical management

In 50 of the 52 patients, 5-ALA was administered 3 h prior
to surgery in a dose of 20 mg per kilogram body weight as
described elsewhere [18]. Two patients received 5-ALA
24 h before the operation. Intraoperative frozen sections
were obtained in all patients. After the histological
diagnosis of an intracerebral metastasis had been estab-
lished based on intraoperative frozen sections, standard
circumferential resection was performed. Following com-
plete white light resection, the resection cavity was checked
for residual 5-AIF in 42 patients. In 24 patients, areas of
residual 5-AIF were noted, and in 18 patients, the
neurosurgeon had decided that it was neurosurgically
feasible to resect or biopsy these 5-ALA-positive tissue
areas.
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Histopathological analyses

All tumors were subjected to standard histological classifica-
tion based on formalin-fixed and paraffin-embedded tissue
sections. Routine histological stains comprised hematoxylin-
eosin, alcian blue and PAS stains. In addition, immunohisto-
chemical stainings were performed for epithelial markers,
including the cytokeratin subtypes 5, 7, 8 and 20, thyroid
transcription factor 1 (TTF1), caudal-type homeobox tran-
scription factor 2 (CDX2), estrogen receptors and progesteron
receptors, as well as melanocytic markers, including Melan A
and HMB-45. Immunohistochemical stainings were per-
formed using the Envision system (Dako, Kopenhagen,
Denmark) and 3’3-diaminobenzidine as peroxidase substrate
[6]. All available tissue specimens were retrospectively re-
assessed with particular attention to each tumor’s delimita-
tion and locally invasive growth pattern. For each tumor,
neuropathological findings were correlated with the respec-
tive fluorescence behavior as intraoperatively determined by
the neurosurgeon.

Statistical analysis

Descriptive statistics were performed using the IBM SPSS
version 19. P values of less than 0.05 were considered
significant (chi® test). Adjustment for multiple testing was
not performed.

Results
Patients

A retrospective analysis of patients with solitary brain
lesions who were operated on at our institution over a
period of 26 months between October 2008 and November
2010 revealed 52 patients with singular intracerebral
metastases who had been subjected to 5-ALA-guided
resection. Clinical data of the 52 patients are summarized
in Table 1.

Figure 1 provides an overview of the fractions of 5-
AlF-positive tumors according to histological tumor type
(a) and site of corresponding primary tumor (b). Poorly
differentiated adenocarcinoma metastases were diagnosed
in 33 patients, tubulo-papillary or papillary adenocarcinoma
metastases in 7 patients, small cell neuroendocrine carcinoma
metastases in 4 patients, squamous cell carcinoma metastases
in 3 patients, clear cell carcinoma metastases in 2 patients,
malignant melanoma metastases in 2 patients, and poorly
differentiated transitional cell carcinoma in 1 patient. The
respective primary tumor sites were identified by clinical
staging. Primary tumors were non-small bronchial cancer in
27 patients, breast carcinomas in 8 patients, renal cell
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Table 1 Summary of major clinical data of the investigated patient
cohort

Patient characteristics

Age at surgery [years]

Median 62
Range 45-87
Gender [n]

Female 28
Male 24
Female:male ratio 1.17:1
Tumor localization [n]

Central 7
Cerebellar 8
Frontal 15
Occipital 8
Parietal 7
Sylvian fissure 1
Temporal 6

ALA-derived fluorescence

Negative 20 (38.5%)
Positive 32 (61.5%)
%

ALA-derived fluorescence of the tumor bed

Investigated 42

Positive 24 (57.2%)

Negative 18 (42.9%)

Not investigated 10

carcinomas in 4 patients, small cell bronchial carcinomas or
colorectal carcinomas in 3 patients each, cutaneous malignant
melanomas in 2 patients and endometrial, esophageal,
ovarian, stomach and urinary bladder cancer in 1 patient each.

Fig. 1 Distribution of ALA- a

The majority of cerebral metastases were positive
for 5-ALA-induced fluorescence

Intraoperative 5-AIF was detected in the majority of
patients (Fig. 2). In total, 32 metastases (61.5%) were 5-
AIF positive, while 20 metastases (38.5%) were 5-AIF
negative. All 5-ALA-positive intracerebral metastases
exhibited an inhomogeneous fluorescence pattern with
strongly fluorescent parts as well as 5-ALA-negative areas

(Fig. 2).

Histological entity and primary tumor site were not
correlated with 5-ALA fluorescence

Presence of 5-AIF was neither associated with the histo-
pathological type of metastasis nor with the primary tumor
site (p=0.131; p=0.507 respectively).

Intracerebral metastases may locally extend
into the adjacent brain tissue

Areas from the tumor-brain interface were histologically
detectable in the resection specimens of 43 patients. A rather
sharp border between the metastatic tumor tissue and the
adjacent edematous and gliotic brain tissue was seen in 17
patients (39.5%). Ten of these 17 tumors reacted 5-AIF
positive (58.8%). Twenty-six of the 43 tumors demonstrated
more irregular tumor-brain interfaces with tongue-like exten-
sions of tumor tissue and small perivascular islets of tumor
cells in the adjacent brain parenchyma (Fig. 3a). In two
instances of intracerebellar metastases from poorly differen-
tiated bronchial adenocarcinomas, histology showed quite
pronounced perivascular invasion of tumor cells into the
neighboring cerebellar cortex (Fig. 3b). 5-AIF was detected
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Fig. 2 Example of an ALA-
positive intracerebral metastasis.
ALA-positive metastasis (a
white light, b fluorescence
light). Normal appearing (c) but
strongly fluorescent adjacent
brain tissue (d), with expansion
of a carcinoma metastasis into
the brain tissue upon histologi-
cal examination. Note the inho-
mogeneous fluorescence pattern
of the cerebral metastasis with
small strongly fluorescent parts
and 5-ALA-negative areas

in 18 of the 26 tumors (69.2%) with such irregular tumor-
brain interfaces.

5-ALA-induced fluorescence and the identification
of residual metastatic tissue

The resection cavity after macroscopically complete white
light resection was assessed for residual 5-ALA fluorescence
in 42 patients. In 24 patients (57.2%) residual fluorescent
areas were noted in the resection cavities (Fig. 2c and d). In
18 patients, tissue specimens were taken from such residual
fluorescent areas. Histological workup of these samples
revealed the presence of residual metastatic tumor tissue in
six patients (33.3%, Fig. 2¢ and d). In two patients who had
received 5-ALA already 24 h before surgery, the actual
metastases demonstrated only little 5-AIF, while the resec-
tion cavity was strongly positive for 5-AIF (Fig. 4).
Histological assessment of small tissue biopsies taken from
the fluorescent cavity walls did not reveal any residual tumor
tissue in both patients.

]

Fig. 3 Examples of poorly "
delimitated brain metastases.
Examples of irregular tumor-
brain interfaces in intracerebral
metastases. a Tongue-like tumor
extension and small nests of
tumor cells in the adjacent brain
parenchyma. b Invasive growth
of metastatic tumor cells along
vessels and disseminated small
groups of tumor cells within
cerebellar tissue
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Discussion

In this retrospective analysis we report on 5-AIF patterns in 52
patients operated on for intracerebral metastases. Though 5-
AIF has been employed for diagnosis and treatment of various
tumors outside the central nervous system, such as lung,
prostate, colorectal or bladder carcinomas [1, 7-9, 12, 13,
22], there are only a few reports on 5-ALA fluorescence in
intracerebral metastases.

Utsuki et al. reported that 9 of 11 (82%) metastatic brain
tumors demonstrated 5-AIF [20]. This corresponds to our
finding that the majority of intracerebral metastases
(61.5%) showed 5-AIF. Our data indicate that 5-AIF is
neither associated with the histological type nor with the
origin of intracerebral metastases. In addition, the 5-AIF
signals in positive metastases were heterogeneously distrib-
uted within the tumor tissue.

Both findings indicate that 5-AIF in cerebral metastases
is more hetereogenous when compared to 5-AIF in
malignant gliomas. It is assumed that 5-AIF is caused by
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Fig. 4 Metastasis with inhomogeneous fluorescence pattern but
strongly fluorescent tumor bed after 24 h. Circumferentially stripped
metastasis with inhomogeneous areas of 5-ALA-induced fluorescence
(a, b). The tumor bed demonstrates strong 5-ALA-induced fluores-
cence (c). Biopsy taken from this area (d) was negative. Note that the
patient had received 5-ALA 24 h before surgery

an abnormal accumulation of the fluorescent molecule
protoporphyrin IX (PPIX) in the mitochondria. It has been
demonstrated that downregulation of the ferrochelatase
(FECH) gene, which encodes a key enzyme that catalyzes
the conversion of protoporphyrin IX (PpIX) to heme, might
be responsible for PpIX accumulation in glioblastoma cells
[19]. Kemmner et al. reported a significant downregulation
of ferrochelatase mRNA expression in gastric and colorectal
carcinomas [11]. Accordingly, in an in vitro model of several
carcinoma cell lines, ferrochelatase downregulation and loss
of enzymatic activity corresponded to enhanced PpIX-
dependent fluorescence. The authors concluded that the
FECH gene is transcriptionally downregulated in malignant
tumors, which in turn causes endogenous PpIX accumulation
[11]. The heterogeneous pattern of 5-AIF might therefore be
explained by heterogeneous downregulation of FECH in
different patients and even within an individual metastasis.
Interestingly, Liu et al. demonstrated that FECH gene
expression is upregulated during hypoxia by a mechanism
involving hypoxia-inducible factor 1 (HIF-1) [14]. The
heterogeneous pattern of oxygenation is a key feature of

solid malignant tumors [3, 4], and could thus explain the
regionally variable expression of ferrochelatase and hence 5-
AIF within the tumor tissue.

Our observation that the majority of intracerebral metasta-
ses demonstrate 5-AIF suggests 5-ALA-based resection to be a
useful tool to detect residual metastatic tumor tissue. This is of
special interest because the assumption that cerebral metastases
can be completely removed by circumferential stripping may
not apply to each metastasis. However, the majority of
intracerebral metastases in our series histologically demon-
strated areas with tongue-like expansion of tumor tissue into
the adjacent brain parenchyma along vessels and/or the
presence of small groups/islets of perivascularly invading
tumor cells. Our results are in line with previous studies. For
example, based on autopsy findings Baumert et al. reported on
an invasive growth of cerebral metastases in more than 50% of
the investigated cases [2]. Another study reported on a
frequent pseudogliomatous infiltrative growth pattern of
intracerebral metastatic anaplastic small cell carcinomas [15].

Albeit the extent of brain infiltration of metastatic lesions
is far less pronounced as compared to the majority of
primary brain tumors, in particular diffuse gliomas, our
findings and those of other investigators [2, 21] suggest that
a fraction of intracerebral metastases locally invades into
the adjacent brain tissue. Therefore, the surrounding brain
tissue needs to be considered as a therapeutic target.
Accordingly, Yoo and co-workers achieved significantly
better local tumor control by extending the resection of
intracerebral metastases (in non-eloquent areas) to a depth
of about 5 mm [21].

However, the sensitivity of 5-AIF for the identification
of remnants of metastatic tumor tissue in the resection
cavity after macroscopically complete resection appears to
be limited. Though we detected residual fluorescent tissue
at the brain-tumor interface, the majority of biopsies taken
from fluorescent areas of the tumor cavity after macro-
scopically complete resection lacked tumor tissue on
histology. In line with our experiences, Utsuki et al. also
observed diffuse PPIX fluorescence in samples from tumor-
free edematous zones surrounding intracerebral metastases
[20]. The authors contributed this observation to a diffuse
leakage of PPIX in areas of edema. This observation is
supported by findings in two of our patients who had
received 5-ALA already 24 h before surgery. Despite strong
5-AIF of the resection cavity in these patients, histological
assessment of corresponding tissue biopsies did not
demonstrate metastatic tumor tissue.

Conclusion

Our study demonstrates that the majority of cerebral
metastases are 5-AIF positive. This observation suggests a
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potential usefulness of 5-ALA for better visualization of the
surgical target, better definition of the margins of resection
and new therapeutic options, such as photodynamic
therapy. However, in contrast to malignant gliomas, the
use of fluorescence-guided resection for cerebral metastases
seems to be impeded by the regionally heterogeneous and
therefore probably unpredictable patterns of 5-ALA-
induced fluorescence within the actual tumor tissue.
Moreover, a reliable identification of infiltrating tumor
cells appears to be problematic, possibly because of an
unspecific leakage of PPIX and hence 5-AIF being
detectable in the peritumorous edematous brain tissue in a
considerable fraction of patients. Further studies are needed
to precisely define the role of fluorescence-guided resection
in patients with intracerebral metastases.

Conflicts of interest All authors report no conflict of interest.
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Comment

5-Aminolevulinic acid (5-ALA)-induced fluorescence in intracerebral
metastases: a retrospective study

At the authors’ institute, a total of 471 patients underwent open 5-
ALA-guided resection for intracerebral lesions preoperatively considered
as high-grade gliomas. It turned out that 52 lesions were actually
intracerebral metastases, an unexpected research window. Of the 52
metastases, 32 (62%) exhibited 5-ALA-fluorescence, not associated with
the histological type or site of origin of the metastases. Furthermore, in 24
(75%) of the 32 fluorescent metastases, there was recidual fluorescence in
the cavity wall after seemingly complete removal under white light,
confirmed histologically in 6 of the 18 patients with tissue specimens
from fluorescent areas in the cavity wall.

This is an important pilot study, awaiting verification by others. Most
importantly, these data support the view that many metastases infiltrate the
edematous/gliotic brain around them and therefore require more drastic
measures than microsurgical removal in white light only.

Juha E Jagskeldinen
Kuopio, Finland
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