
Abstract. Background/Aim: The treatment of solitary brain
metastasis is a challenging intervention since the incidence
increases and prognosis is poor. This study investigated the
role of perilesional edema in the overall mass effect of
solitary brain metastasis. Patients and Methods: We
conducted a retrospective analysis on 88 patients with single
supratentorial brain metastasis and concomitant perilesional
edema undergoing en bloc resection. Each patient was
evaluated for perilesional brain edema grading. We stratified
patients into three groups based on the size of the metastatic
lesion and the extent of perilesional edema. Results: The
grade of perilesional edema at 30 days after surgical removal
did not correlate with the maximum diameter of the
metastasis (Pearson’s correlation 0.098, p=0.494). In patients
with a maximal metastatic diameter ≤2 cm, the grade of

perilesional edema before surgical treatment was 1.63 (STD
0.43), while 30 days after removal it was significantly
reduced; 0.47 (STD 0.26), p<0.001. Conclusion: The overall
mass effect of solitary supratentorial brain metastases is not
correlated to the size of the lesion and the grade of the
associated perilesional edema should be considered. Surgical
en bloc resection can be considered the first choice of
treatment in the presence of solitary metastasis ≤2 cm in
maximal diameter but with high-grade edema, since this
treatment reduces the overall mass effect.

Metastases are the most frequent neoplasms affecting the
central nervous system (CNS) and their incidence varies
depending on the primary tumor’s histotype (1). The
prognosis is poor: less than 20% of patients with
symptomatic brain metastases survive one year after the
diagnosis (2). The prognosis depends on several factors such
as sex, age, histotype of the primary tumor, the time elapsed
from the primary tumor diagnosis, the number of metastatic
lesions, the Karnofsky performance scale (KPS), the
presence of extracranial metastases, and the response to
systemic treatment (3). The most common primary tumors
responsible for brain metastases are lung cancer, breast
cancer, renal cell carcinoma, and melanoma (4-7). However,
brain metastases have also been identified to originate from
other primary tumors such as lymphomas, gastroesophageal,
thyroid gland (8), gynaecological, and genitourinary. 

Brain metastases are challenging to treat since their
incidence increases and treatments strategies remain
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inadequate. One of the reasons why the treatment is
ineffective is that the blood-brain barrier (BBB) and the
blood-tumour barrier (BTB) restrict access to
chemotherapy (9). The development of metastases depends
on the crucial interactions between the invading metastatic
tumor cells and the cerebral microenvironment during its
development (10).

The type of metastatic infiltration at the metastasis/brain
parenchyma (M/BP) interface is related to the origin of the
primary tumor, which has prognostic value (11). En bloc
resection of the metastasis and SRS appeared to reduce the
rate of local brain relapse (12). It may be helpful to decrease
the diffusion of micrometastases into the parenchyma and
reduce the residue risk, however, it is necessary to confirm
that en bloc resection is not always doable.

This study investigated the role of perilesional edema in the
overall mass effect of solitary brain metastasis and shows that
the perilesional edema of metastasis is reduced at 30 days after
en bloc surgical resection of metastasis. Additionally, the

perilesional edema reduction can be related to an improvement
in the KPS and overall survival (OS). 

Patients and Methods
Patients. We conducted a retrospective analysis on 212 patients
undergoing supratentorial cerebral metastases surgery from
01/01/2015 to 12/31/2019 at the Policlinico Umberto I University
Hospital of Rome and at Sant’Andrea University Hospital Sapienza
University of Rome. In this analysis, we included patients with
solitary supratentorial brain metastasis and concomitant perilesional
edema, undergoing an en bloc resection between 18 and 75 years,
and excluded patients with multiple brain metastatic lesions,
concomitant ischemic lesions, and patients with infratentorial
metastases (Figure 1). In the light of examined patients, 88 of 212
complied with the inclusion criteria for this analysis (Figure 1).

Demographics. Each patient was evaluated for sex, age, histological
characteristics of the primary tumor, the localization of eloquent
brain area, the maximal diameter of metastasis, KPS, presence of
intra-metastatic bleeding, surgical complications, pre-operative
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Figure 1. Identification criteria for inclusion; flow chart of the work process.



edema, and post-operative edema at 30 days after surgery assessed
with the modified grading of the perilesional brain edema (Table I).

Imaging analysis. Magnetic resonance imaging (MRI) 1.5T or 3T
sequences with contrast administration, T2 weighted sequences,
DWI, PWI, FLAIR and spectroscopy were performed in all the
patients included in this investigation in the immediate pre-operative
and in the post-operative at 30 days after surgery. A functional MRI
was performed in patients with lesions in the eloquent brain area.
The extent of perilesional edema was evaluated on the FLAIR
sequences of the pre-operative MRI and in the post-operative MRI
at 30 days.

Inclusion and exclusion criteria. Patients who were included in this
analysis presented a solitary supratentorial brain metastasis that was
histologically characterized after resection. Lesions with unknown
histological diagnosis were excluded. The characteristics of the
metastasis were reported in Table II.

Grading. Perilesional edema was measured on T2-weighted MR
images and graded according to the modified classification of
Kazner et al. (13). This scale, introduced by Kazner et al. in 1982
and modified by Chernov in 2005 (14), is used in literature to define
the perilesional edema grading of brain metastases. The authors
standardized this score with a linear transformation obtaining a
normal distribution with mean μ and unit variance σ2. Averages
obtained by this standard score are reported specifying the standard
deviation (Table III, Table IV, and Table V). We used the
perilesional edema grading consisting of 4 degrees that span from
degree 0, which corresponds to the absence of edema, up to grade
3 corresponding to edema covering an area that is greater than half
of the cerebral hemisphere (Table I) (14). 

Stratification. Based on the size of the metastatic lesion we identified
three groups: in the first one the metastases had a maximal diameter
of ≤2 cm (Group range 0-2), in the second group the diameter was
>2 and ≤3 cm (Group 2-3), while in the third the diameter was >3
cm (Group >3). The maximal diameter of the single lesion and not
the volume was employed as a parameter in classifying the groups
since the diameter is an available value commonly used in clinical
practice and suitable for its utilization in algorithms for the
management of newly diagnosed brain metastases (15). 

Surgical and clinicopathological correlation. Metastasis Brain
metastases are extra-axial lesions that present a capsule and a
cleavage plane from the brain parenchyma. En bloc resection

following lesion wounds is always preferred, in the author’s
opinion, since it can decrease the diffusion of micro metastases into
the parenchyma and to reduce residue risk. In our experience, the
“no internal touch” (12) asportation technique without damaging
the surrounding brain structures can be performed. Transient
neurological deficits can be observed post-operatively due to white
matter fiber tracts micro traction and the temporary increasement
of the perilesional edema. For this reason, the authors investigated
the perilesional edema grade at 30 days after the resection of
metastases and not immediately after surgery. Metastases not
removed by both the en bloc technique and the “no internal touch”
technique were excluded.

Statistical analysis. Univariate statistical analysis and linear
correlation between the grading pre-operative edema and the size of
metastasis was performed. A multivariate statistical analysis was
also performed for the dependent variables: OS, KPS, the degree of
post-operative edema, and the reduction of the degree of edema
after surgical treatment. A simultaneous regression model was used
in all the independent variables entered simultaneously in the
regression equation. Multivariate simultaneous regression analysis
was essential to understand the statistical inference of the single
variables we examined and the correlations with clinical endpoints
(OS, KPS, and recurrence-risk ratio). The parameters are shown by
using Kaplan-Meier survival curves compared with log-rank tests,
χ2, t-student test, and scatter plots dependent on the characteristics
of the examined variable. The statistical analysis and graphs were
obtained using the statistical software IBM SPSS Statistics for
Windows, Version 25.0. (Armonk, NY, USA). Statistical analysis
methodology follows the one used by Salvati et al. in 2020 (16).

Results

Metastatic mass effect. We conducted univariate and
multivariate analyses on the examined variables: age,
histological type, localization of metastases (eloquent brain
area or non-eloquent brain area), hemorrhagic presentation,
size of metastasis, the grade of recurrence, pre-operative and
post-operative perilesional edema grade at 30 days after
surgery, KPS, and OS. The analysis of the correlation
between radiological parameters (size of lesion, pre-
operative and post-operative edema) and clinical endpoints
(KPS and OS) was particularly interesting. The data analysis
clearly evidenced that the overall mass effect of solitary
brain metastasis depends on dimension, maximal diameter of
the metastasis, and the perilesional edema grade resistant to
therapy. Particularly, the correlation analysis showed that
lesions with maximal diameter ≤2 cm can also have a very
important overall mass effect when they present a high grade
of perilesional edema grade resistant to edema therapy. The
median age of enrolled patients was 62.72 (STD=13.17), and
54.54% of patients were male and 45.46% female.

Metastatic types. The most frequent histological type of
metastasis was NSCLC, which represented 39% (n=34) of
the total cases (n=88), followed by melanoma and colorectal
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Table I. Modified grading of the perilesional brain edema.

Grade                                                    Characteristic

0 (absent)             Absence of edema
I (mild)                 Extent of edema not greater than 2 cm the margin 
                             of the lesion
II (moderate)        Extent of edema greater than 2 cm from the margin

of the lesion up to one half of the cerebral hemisphere 
III (severe)           Extent of edema greater than ½ of the cerebral hemi-
                             sphere 



cancer (CRC) metastasis 11% (n=10), and SCLC 8% (n=7).
Solitary brain metastases of primary pulmonary origin
constituted 47% of the total cases of metastases. The
histology of metastatic lesions, localization of metastases
divided into eloquent brain areas and non-eloquent brain
areas, grade of recurrence, and hemorrhagic presentation are
shown in Table II.

Group stratification analysis. We identified three groups
according to the size of the metastatic lesion: 21.59% of
metastases had a diameter ≤2 cm (Group 0-2), 29.54% had

a diameter >2 and ≤3 cm (Group 2-3), and 48.86% had a
diameter >3 cm (Group >3). The metastases were localized
in the eloquent brain area in 36% of the cases. In 22% of the
samples, the metastases were hemorrhagic. Perilesional
edema was evaluated by T2-weighted MR images and
graded pre-operatively and post-operatively, 30 days after
surgery (Table III). The average of overall pre-operative
perilesional edema grade was 1.84 (STD=0.70), while the
post-operative one at 30 days was 0.68 (STD=0.5), with a
statistically significant difference (p<0.001). In the present
analysis, the average lesion edema of single metastases after
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Table II. Characteristics of metastasis.

Histology                                    Sex                           Age                           Side                           Size        Recurrence         Hemorrhagic          OS

                                        M                      F                                     Eloquent             Non-
                                                                                                        brain area          eloquent 
                                                                                                                                 brain area 

NSCLC                           22                     12              64.97                  12                     22                    3.07        2 (5.88%)            5 (14.70%)         14.61
Melanoma                        5                       5               53.70                   3                       7                     3.66          1 (10%)                 3 (30%)            14.40
CRC                                 8                       2               69.20                   3                       7                     3.34          1 (10%)                 2 (20%)            12.45
DC                                    0                       6               55.00                   2                       4                     2.88           0(0%)                      0%                 6.83
ccRCC                              4                       2               69.00                   2                       4                     2.38        1 (0.16%)              2 (33.3%)           7.83
EC                                    0                       4               56.75                   2                       2                     4.35          1 (25%)                 1 (25%)             7.00
SCLC                               4                       3               66.14                   2                       5                     3.79       1 (14.28%)           1 (14.28%)          8.43
PRCC                               3                       0               62.33                   2                       1                     3.60           0 (0%)                2 (66.6%)          16.67
PTC                                  1                       1               60.50                   0                       2                     1.50              0%                     1 (50%)            37.00
SGCs                                0                       2               67.00                   1                       1                     3.40              0%                     1 (50%)            13.50
AcCC                               0                       2               43.00                   2                       0                     2.83              0%                     1 (50%)             5.50
OC                                    0                       1               50.00                   0                       1                     3.50              0%                         0%                 4.00
TCC                                  1                       0               70.00                   0                       1                     3.30              0%                         0%                59.00

OS: Overall survival (months); M: male; F: female; NSCLC: Non-small cell lung carcinoma; CRC: colorectal cancer; DC: ductal carcinoma; ccRCC:
clear cell renal cell carcinoma; EC: esophageal cancer; SCLC: Small cell lung cancer; PRCC: papillary renal cell carcinoma; PTC: papillary
carcinoma; SGC: salivary gland cancer; AcCC: adenoid cystic carcinoma; OC: ovarian cancer; TCC: transitional cell cancer.

Table III. Improvement in the grade of perilesional edema after en bloc excision of cerebral metastasis.

Subgroups single                                               Pre-operative edema                                    Post-operative edema                                       p-Value
brain metastasis                                                       grade average                                                grade average                                               t-test

Eloquent brain area                                               1.87 (STD 0.61)                                             0.8 (STD 0.38)                                             <0.004
Non-eloquent brain area                                       1.77 (STD 0.75)                                            0.60 (STD 0.55)                                            <0.001
Hemorrhagic                                                          1.99 (STD 0.7)                                             0.68 (STD 0.55)                                            <0.005
Not hemorrhagic                                                   1.78 (STD 0.71)                                            0.68 (STD 0.52)                                            <0.003
Small cell lung cancer                                          1.53 (STD 0.51)                                            0.53 (STD 0.51)                                            <0.005
Non-small-cell lung carcinoma                             1.8 (STD 0.63)                                              0.6 (STD 0.51)                                             <0.001
Colorectal adenocarcinoma                                  2.14 (STD 1.06)                                            0.85 (STD 0.69)                                             <0.02
Ductal carcinoma of breast                                  1.83 (STD 0.75)                                            0.66 (STD 0.51)                                            <0.003
Clear cell carcinoma of kidney                             1.8 (STD 0.83)                                              0.6 (STD 0.54)                                              <0.03
Melanoma                                                              1.75 (STD 0.5)                                              0.75 (STD 0.5)                                             <0.028
Papillary thyroid cancer                                                    2                                                                     1                                                             -
Group 0-2                                                              1.63 (STD 0.46)                                            0.47 (STD 0.26)                                            <0.001
Group 2-3                                                              2.03 (STD 0.43)                                            0.84 (STD 0.29)                                            <0.001
Group >3                                                               1.88 (STD 0.62)                                             0.81 (STD 0.4)                                             <0.001



en bloc removal was reduced after thirty days. The sample
set was divided into homogeneous groups (localization,
maximum diameter of the lesion, hemorrhagic presentation,
and histotype of the primary tumor) in order to verify
whether a significant reduction in periwound edema was
observed after thirty days. The average pre-operative
perilesional edema grade of all lesions was 1.84 (STD=0.7)
and distributed as follows: 1.87 (STD=0.61) in the eloquent
brain area, 1.77 (STD=0.75) in non-eloquent brain area, 1.99
(STD=0.7) in hemorrhagic lesions, and 1.78 (STD=0.71) in
non-hemorrhagic lesions (Table III). The average post-
operative perilesional edema grade at follow-up 30 days after
surgery was 0.68 (STD=0.75) and distributed as follows: 0.8
(STD=0.38) in the lesions in the eloquent brain area; 0.60
(STD=0.55) in the lesions in the non-eloquent brain area,
0.68 (STD=0.55) in the hemorrhagic lesions, and 0.68
(STD=0.52) in non-hemorrhagic lesions.

Pre and Post-operative edema features analysis. Thirty days
after en bloc removal, the degree of edema significantly
reduced in both haemorrhagic lesions (p<0.005) and non-
haemorrhagic lesions (p<0.003) compared to that pre-
operatively. We found a slight increase in pre-operative
perilesional edema grade in hemorrhagic lesions compared
to those in the control group (non-hemorrhagic lesions), with
no statistical significance. After 30 days of en bloc removal
of the metastasis, a significant reduction in periwound edema
was observed both in metastases in the area located in the
eloquent area (p<0.004) and in those located in non-eloquent
areas (p<0.001) compared to those pre-operatively. The
overall data of each subclass of the studied metastases are
shown in Table III. The average pre-operative edema grade
was higher for solitary metastases of CRC, NSCLC, ductal
carcinoma of the breast, and melanoma. The histotype of the
primary tumor was the main factor that affected the pre-
operative perilesional edema development (Table III). The
post-operative edema grade at 30 days after surgery varied
according to the histotype and was higher for metastases of
CRC, melanoma, and ductal carcinoma of the breast. This

result was not statistically significant because of the
examined subgroup heterogeneity and because it needs to be
validated on a larger sample. Despite these differences,
within all groups examined based on the histology of the
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Table IV. Pre-operative perilesional edema grade comparison among
the different groups of patients divided according to the maximum
diameter of the single metastasis. 

Groups                                  Pre-operative edema                       p-Value 
size                                             grade average                               t-test

Group 0-2 cm vs.                  1.67 (STD 0.46) vs.                           0.05
Group 2-3 cm                          2.03 (STD 0.43)

Group 2-3 cm vs.                  2.03 (STD 0.43) vs.                          0.38 
Group >3 cm                           1.88 (STD 0.62)

Group 0-2 cm vs.                  1.67 (STD 0.46) vs.                           0.21
Group >3 cm                           1.88 (STD 0.62)

Table V. Comparison of the grade of post-operative perilesional edema
among the groups of patients divided according to the maximum
diameter of the single metastasis.

Groups                                  Postoperative edema                       p-Value 
size                                             grade average                               t-test

Group 0-2 cm vs.                  0.47 (STD 0.23) vs.                           0.02
Group 2-3 cm                          0.84 (STD 0.29)

Group 2-3 cm vs.                  0.84 (STD 0.29) vs.                           0.71
Group >3 cm                            0.79 (STD 0.5)

Group 0-2 cm vs.                  0.47 (STD 0.23) vs.                           0.05
Group >3 cm                            0.79 (STD 0.5)

Figure 2. Reduction in perilesional edema after en bloc resection. 
A) Pre-operative FLAIR MRI of Group 0-2 cm metastases in the eloquent
brain area with pre-operative grade II perilesional edema; B) Post-
operative FLAIR MRI of Group 0-2 cm metastases in the eloquent area
with post-operative grade 0 of perilesional edema; C) Pre-operative
FLAIR MRI of Group 2-3 cm metastases in the non-eloquent brain area
with pre-operative grade I perilesional brain; D) Postoperative FLAIR
MRI of Group 2-3 cm metastases in the non-eloquent brain area with
post-operative grade 0 perilesional edema. MRI: Magnetic resonance
imaging; FLAIR: fluid attenuated inversion recovery.



primary tumor (SCLC, NSCLC, CRC, ductal carcinoma of
the breast, clear cell carcinoma of the kidney, and melanoma)
the degree of peri-wound edema showed a significant
reduction after 30 days from en bloc removal.

Group comparison analysis. We compared the grade of pre-
operative perilesional edema in the three groups of patients
and no statistically significant differences were found (Table
IV). The comparison of pre-operative edema grade average
of Group 0-2 cm vs. Group 2-3 cm showed a strong trend
towards significance, 1.67 (STD=0.46) vs. 2.03 (STD=0.43),
respectively, p=0.05. The postoperative edema grade average
30 days after surgical removal was not related to the
maximum diameter of the metastasis (Pearson’s correlation
0.098, p=0.494). In the comparison of the groups, a
significant difference was found between Group 0-2 vs.
Group 2-3 (0.47 vs. 0.84 p=0.02) and Group 0-2 vs. Group
>3 (0.47 vs. 0.79 p=0.05), as reported in the data in Table V.
We observed that post-operative edema at 30 days after
surgery was larger after en bloc resection of metastasis with
maximal diameter >3 cm and this variation could be
explained by the surgical parenchymal injury effect.

In Figure 2, two examples of reduction of perilesional
edema grade are reported. The first one belongs to Group 0-
2 and the second one to Group 2-3. The correlation analysis
(Figure 3) showed that there was no direct correlation
between the maximum diameter of the metastasis and the
grade of pre-operative cerebral edema (Pearson’s correlation
0.14, p=0.17). The grade of perilesional edema did not

significantly vary with the size of the metastasis. Also, there
was no difference between sexes. The average post-operative
KPS was 72.1 (STD=15.73), in the case of the lesions in the
eloquent brain area was 71.25 (STD=15.53), in non-eloquent
brain area was 74.75 (STD=15.32), in hemorrhagic lesions
was 68.45 (STD=15.63), and in non-hemorrhagic lesions
76.48 (STD=15.84). The KPS had a negative correlation
with pre-operative perilesional edema grade (Pearson
Correlation - 0.335, p=0.001), and the highest grades of
perilesional edema were associated with significantly lowest
grades of KPS (Figure 4). A high degree of pre-operative
edema grade average was associated with a worse post-
operative KPS. The subgroup of patients with pre-operative
edema grade average equal to 3 had a KPS ≤70 in 42.10%
of cases and when compared with the subgroup of patients
with pre-operative edema grade average equal to 1, a
statistically significant difference was found in terms of post-
operative KPS (85.33 vs. 67.89; p=0.004), Figure 4. The
post-operative KPS was strongly affected by the pre-
operative perilesional edema grade and the patient group
with perilesional edema grade >3 may also present KPS <70.
The post-operative KPS represents an independent
prognostic factor for OS and the group of patients with KPS
between 80 and 100 had a higher OS (Figure 5). OS
significantly correlated with tumor histology (Log-rank
χ2=15.668, p=0.047) (Table II), and the patient’s age (Log-
rank χ2=11.092, p=0.004). In addition, OS correlated with
post-operative KPS (Breslow-Generalized Wilcoxon
χ2=5.434 p=0.066) (Figure 5), and the degree of
postoperative edema (Log-rank χ2=5.292, p=0.071) (Figure
6). However, these correlations did not reach statistical
significance. No correlation between OS and metastasis
maximum diameter was identified (Log-rank χ2=4.097,
p=0.129) (Figure 7). The most frequent complications with
en bloc resection were dural tear and neurological deficits
(Table VI). The overall recurrence rate of locoregional

in vivo 36: 1274-1284 (2022)

1279

Figure 3. Size distribution of solitary metastasis in relation to pre-
operative perilesional edema. No difference is found between female
(in blue) and male (in red) patients regarding the size and the grade
of edema.

Figure 4. Distribution of post-operative Karnofsky performance scale
in relation to pre-operative perilesional edema. 



metastases was 6.81%. It was 5.26% in Group 0-2, 7.69% in
Group 2-3 and 6.97% in Group >3. No significant
differences were found among these three groups.

Discussion

This study shows that en bloc resection of solitary
supratentorial metastasis reduces perilesional edema at 30
days after surgery. En bloc resection technique consists of
the dissection of the tumor capsule in the tumor-brain
interface described as the “no internal touch” and is
recommended over piecemeal resection, because it has been
shown to reduce the risk of local recurrence (17).

En bloc resection of solitary brain metastasis may offer
several advantages over piecemeal resection; however, in
some instances it is not performed in eloquent brain areas
due to the risk of developing neurological deficits. However,

recent studies have shown that postoperative complication
rates are not increased by en bloc resection, including the
removal of lesions in eloquent brain regions or large tumors.
This stresses the idea that en bloc resection of brain
metastasis is at least as safe as piecemeal resection (18).

Local brain invasion is a process based on cell motility,
adhesion, and enzymatic remodelling of the extracellular
matrix components. Brain invasion results from interactions
between brain stromal and endothelial cells and the invading
metastatic tumor cells. Proteolytic degradation of the
extracellular matrix is a process thought to sustain tumor
invasion by clearing a pathway for the invading tumor cells
(19). Brain metastasis is an extra-axial lesion and tumor cells
react with the surrounding brain parenchyma and blood
vessels, resulting in a series of pathological and biochemical
changes. Brain metastasis usually has a cleavage plane from
the brain parenchyma, unlike gliomas, which diffusely
infiltrate the brain parenchyma. 

Some studies have investigated the infiltration of
metastatic carcinoma cells into adjacent brain parenchyma
and the reaction of the glial-defense system against the
infiltrating carcinoma cells at the M/BP-interface with in

Bruzzaniti et al: Perilesional Edema of Solitary Brain Metastasis

1280

Table VI. Complications after en bloc excision of brain metastasis.

Complication                                                  Number of patients (%)

Dural tear                                                                     9 (10%)
Recurrence                                                                    6 (7%)
Wound infection                                                           5 (6%)
Hematoma                                                                    6 (7%)
New neurological deficit                                            9 (10%)
Deep venous thrombosis                                              5 (7%)

Figure 5. Kaplan-Meier curve of overall survival in relation to Karnofsky
performance scale. Figure 7. Kaplan-Meier survival curve of overall survival in relation to

the size of the metastatic lesion.

Figure 6. Kaplan-Meier curve of overall survival in relation to the grade
of post-operative perilesional edema.



vivo/in vitro models (20). Siam et al. demonstrated the
presence of four types of metastatic infiltration at the M/BP-
interface based on the pattern of infiltrating cancer cells with
a significant glial reaction; the result supports the differences
in the infiltration pattern related to the dependency to the
primary tumor and to the metastatic infiltration pattern. The
assessment of the immune cell infiltration at the tumor
margin might have prognostic value and may be suitable for
biological drug treatments. The interaction between the
metastatic environment and glial-reaction can explain the
different rates of metastasis recurrence based on the primary
tumor histotype. It would be interesting to correlate in
further studies the type of infiltration at the M/BP-interface
and the perilesional edema grade, developed in this study.

En bloc resection can be considered a safe and effective
technique in solitary brain metastases resection. However,
taking into account the infiltration of metastatic cells into
adjacent brain parenchyma, the extension of neurosurgical
resection at the M/BP-interface can be considered in non-
eloquent brain areas. Further studies are required to validate
the supramarginal technique in non-eloquent areas and to
understand whether a correlation exists with the reduction of
local recurrence rate. In our study, the histotype of the
primary tumor is the main factor associated with the pre-
operative perilesional edema. However, at 30 days after en
bloc resection, we found a statistically significant reduction
in the degree of perilesional edema, with an overall reduction
in the mass effect. All the examined subgroups had a
significative reduction in the degree of perilesional edema
compared to pre-operative, but higher for CRC, melanoma,
ductal carcinoma of the breast, and ductal carcinoma of
breast metastasis, as well as for hemorrhagic lesion. It is
particularly interesting to note that the grade of pre-operative
edema was not related to the size of the metastasis and that
perilesional edema at 30 days was significantly reduced
regardless of the size of the lesion. 

Two-thirds of patients with brain metastases associated with
peritumor edema developed cognitive problems due to white
matter fibres damage (21). Neurological symptoms seem to be
related to the general metastasis overall mass effect and not to
the volume of the lesion. This can be explained by the lesion
dimensions and perilesional edema, which is not reduced with
anti-edema therapy. Metastases with a maximal diameter of
less than 2 cm, but with a high grade of perilesional edema,
resistant to corticosteroids and treated with stand-alone
stereotaxic radiosurgery (SRS) may worsen the edema grade
together with KPS and neurological symptoms. 

The presence of peritumoral edema is associated with
immune system activation and correlated with OS (22). The
peritumor edema of brain metastases is vasogenic. This is
due to the blood-brain barrier damage linked to a functional
modification of the tumor vessels. This is mediated by a
functional difference rather than a quantitative one of tumor-

associated blood vessels (23). Activation of the immune
system, occurrence of metastasis, and the development of
perilesional edema are elements to consider, and these are
correlated to the patient outcome.

Pre-operative perilesional edema in our study was
negatively correlated with post-operative KPS (p=0.001),
while OS was related to the histotype of the primary tumor,
the patient’s age, and post-operative KPS. Other authors had
identified a substantial prognostic value of perilesional
edema in solitary brain metastases (24). In our study,
perilesional edema was weakly correlated with OS, however,
as mentioned, it negatively affected post-operative KPS as
an important prognostic factor. The best results after surgical
treatment were obtained in terms of OS in patients with KPS
>70, younger age, control of the primary tumor, and diameter
of brain metastases greater than 3 cm with mass effect and
the possibility of complete resection (25). The surgery
improved the outcome of patients with a single metastatic
lesion, and a low KPS with limited number of extracranial
metastases (26). In patients with unknown primary or
multiple primary tumors, surgery helps establish the
histological diagnosis (27). Surgery only, however, does not
ensure the prevention of recurrence and 46% of patients
treated with surgery alone reported disease recurrence (28).
The presence of perilesional edema was also related to the
tendency of the tumor to spread and this was linked to
resistance to radiotherapy. Consequently, less edema was
associated with less radioresistance, improving the response
to SRS and decreasing the risk of relapse (29).

Whole-brain radiotherapy (WBRT) is taken into
consideration for patients in which surgery or SRS is not
recommended. This can be in the case of leptomeningeal
dissemination, numerous metastases, or in the presence of
other contraindications (30). Surgical treatment followed by
WBRT in patients with single lesions has been shown
effective in several trials. The combination of surgery and
WBRT in the treatment of single brain metastases
demonstrated a 70% reduction in local recurrences. There are
several side effects of WBRT, including cognitive deficits,
for which the use of SRS is preferred; recent studies agree
that WBRT and SRS are equivalent in the treatment of single
brain metastases, but SRS is associated with fewer side
effects. En bloc resection followed by SRS reduces the risk
of relapse. In our study, we reported a recurrence rate of 7%
(7/10 days) that was associated with a higher degree of
sustained periwound edema at 30 days. In addition, we
observed that early local recurrence induces a shorter
survival period; however, a larger cohort would provide a
reliable estimate of the OS of recurrences cases.

SRS is the indicated procedure as a stand-alone treatment
for solitary brain metastases smaller than 3 cm in diameter
(31), and it has a favourable outcome for patients with a single
lesion compared to surgery and WBRT (32). However, this
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does not lead to an immediate resolution for the edema, mass
effect, and hydrocephalus. In contrast, SRS is excluded for
lesions with dimensions greater than 3 cm and with a midline
shift greater than 1 cm. For multiple metastases, the literature
suggests using SRS for up to 4 lesions and WBRT for more
than five metastases. SRS is indicated to treat solitary brain
metastases smaller than 3 cm in diameter. Despite its
effectiveness, SRS can lead to new-onset or worsening
perilesional edema within weeks or months after treatment.
High-dose steroids can be used for symptoms associated with
edema (33). However, prolonged administration of
corticosteroids is associated with substantial side effects (34). 

Strengths of the study and methodology. This retrospective
study investigated the radiological patterns and outcomes of
patients enrolled after the clinical workup. We conducted a
narrative literature review of the topic and we discussed with
our Institutional Ethics panel about the formal approval of this
research. We performed a random selection of the patients
based on the criteria of inclusion. We analysed data to measure
and control the parameters using appropriate statistical
methodology to avoid potential confounders. Despite the
exiguity of the samples that could result in a potential source
of bias, an excellent post-hoc statistical power (1-β=0.914 for
α=0.05 and effect size “f”=0.78) reached reliable conclusions
concerning the selected endpoints. We obtained consent forms
before the surgical procedure from all patients who gave
written explicit consent with adequate information about their
participation in the clinical investigation. All the data reported
were completely anonymized. No randomization techniques
were performed. All the procedures were consistent with the
Declaration of Helsinki for human rights.

Limitations of the study. This investigation was limited
because it was carried out retrospectively on a limited
sample of patients from a single institution. It is necessary
to design prospective and randomized clinical trials to
validate the prognostic value of perilesional edema of single
supratentorial brain metastases. In addition, the trials should
be multicenter in order to recruit a large enough sample to
allow the role of perilesional edema to be validated even for
the different histotypes. It is interesting to compare the grade
of perilesional edema at 30 days of supratentorial solitary
brain metastases with a diameter of less than 2 cm, treated
with stand-alone SRS or “en-bloc” excision.

Conclusion

This study showed that the histotype of the primary tumor is
the main factor associated with pre-operative perilesional
edema. En bloc resection is a safe and effective technique
for solitary brain metastasis treatment including case of the
removal of lesions in eloquent brain regions and for large

tumors. We found that the perilesional edema is reduced at
30 days after en bloc resection of solitary brain metastasis.
The overall mass effect of a solitary brain metastasis depends
not only on the maximal diameter of the metastasis but also
on the perilesional edema grade. However, we did not find
evidence of a direct correlation between the maximal
diameter of the metastasis and the grade of pre-operative
brain edema. Pre-operative perilesional edema is associated
with the histotype of the primary tumor and it has a negative
correlation with the KPS of the patients. Furthermore, at 30
days after the en bloc resection, we found a reduction in the
overall mass effect due to a substantial reduction in the
degree of perilesional edema. En bloc resection technique
can be considered as first choice of treatment in the presence
of solitary metastasis lesions ≤2 cm in maximal diameter but
with high-grade edema since this treatment reduces the
overall mass effect. A multicenter randomized prospective
study is required to evaluate the outcome of patients with a
solitary supratentorial metastasis who present perilesional
edema resistant to anti-edema therapy and treated with stand-
alone SRS or with the en bloc surgical technique. Other
studies are required to define the role of perilesional edema
for a future defined therapeutic protocol of solitary brain
metastases. There is the need to investigate the correlation
between the types of metastatic infiltration at the
metastasis/brain parenchyma-interface and perilesional
edema in order to validate a supramarginal technique for
non-eloquent areas.
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