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Perilesional edema in brain metastases as predictive factor
of response to systemic therapy in non-small cell lung cancer
patients: a preliminary study
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Background: The significance of upfront systemic therapies as an alternative to whole brain radiotherapy
(WBRT) for multiple brain metastases (BM) is debatable. Our purpose is to investigate if peritumoral edema
could predict the intracranial response to systemic chemotherapy (chemo) in patients with advanced non-
squamous non-small cell lung cancer (non-SQ-NSCLC) and synchronous multiple BM.

Methods: In this observational cohort study, we evaluated the outcome of 28 patients with multiple BM
(>3) treated with chemo based on cisplatin/carboplatin plus pemetrexed (chemo, group A, n=17) or WBRT
plus subsequent chemo (group B, n=11). The intracranial response, assessed by the response assessment
neuro-oncology (RANO) BM criteria, was correlated with the degree of BM-associated edema estimated by
the maximum diameter ratio among fluid attenuated inversion recovery (FLAIR) and gadolinium-enhanced
T1WI (T1Gd) per each BM at the baseline brain magnetic resonance imaging (MRI).

Results: No differences were observed in baseline characteristics between both groups, except for the
number of patients under steroid treatment that was clearly superior in group B (P=0.007). Median OS
was similar between groups. Regarding FLAIR/T1Gd ratio (F/Gd), patients treated with chemo alone
exhibited significantly higher values (P=0.001) in those who developed intracranial progression disease (PD)
(2.80+0.32 mm), compared with those who achieved partial response (PR) (1.30+0.11 mm) or stable disease
(SD) (1.35+0.09 mm). In patients treated with WBRT, F/Gd ratio was not predictive of response.
Conclusions: Peritumoral edema estimated by F/Gd ratio appears a promising predictive tool to identify
oligosymptomatic patients with multiple BM in whom WBRT can be postponed.
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Introduction

Brain metastases (BM) are the most frequent type of brain
tumor in adults, accounting for 10-30% of all adult solid
tumors (1-3). Approximately 50% of all BM account for
lung cancer (4). Regarding non-small cell lung cancer
(NSCLC), the incidence of BM represents 10-20%
among newly diagnosed patients and reaches 30-40%
in subsequent diagnoses after the primary tumor (5,6).
BM survival prognosis differs among tumor histology
subtypes, representing less than 2 years in cases of non-
oncogene addicted NSCLC. Fortunately, this dismal
prognosis is changing as a result of an early BM diagnosis in
asymptomatic or oligosymptomatic stages (7).

Historically, patients with multiple BM have been
excluded from most clinical trials and their therapeutic
approaches have usually been palliative; with whole brain
radiation therapy (WBRT) being the standard of care (8).
Nevertheless, the evidence on the efficacy and benefit of
WBRT is poor. The first conducted studies were series of
cases from the 50s and 60s (9). From this date onwards,
only two randomized, phase 3 clinical trials have addressed
this question; one conducted in the pre-computed
tomography scan era (10), and the most recent, despite
improving local control, without showing any significant
impact on patients’ quality of life and survival rates (11).
In addition, as most BM patients were supposed to have
a poor prognosis, WBRT toxicity studies, such as neuro-
cognitive dysfunction, have been limited (12). However,
the improvement in overall survival (OS) combined
with recent results on early cognitive impairment have
increased the relevance of neurocognition monitoring and
maintenance (13). In this setting, systemic therapies, such
as conventional chemotherapy (chemo) or less controversial
immunotherapies with immune checkpoint inhibitors
(ICIs) (14), have become an alternative approach to WBRT
in patients with multiple BM.

In the era of pre-molecular testing, clinical trials using
chemo had already been conducted, including patients
with multiple asymptomatic to oligosymptomatic BM from
NSCLC (single arm-phase II and randomized phase III
studies). The findings of these studies revealed a clinically
meaningful intracranial activity with brain response rates
of 30-40% in platinum-pemetrexed based chemo regimens
(15-17). In addition, development of new targeted therapies
for oncogene-addicted NSCLC has also contributed to
increase the intracranial response rates (18-20). Similar
effects have been reported by using systemic therapies with
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other tumor types, as HER2-positive breast cancer (21) and
BRAFV600E-mutated melanoma patients (22-24). On the
other hand, immunotherapy can be an alternative frontline
treatment for patients without driver oncogenes as long
as the tumour expresses PD-L1 equal or superior to 50%
(25-27). Additionally, immunotherapy in combination with
chemo has also been approved as a frontline treatment
regardless of PD-L1 expression (14,28,29). Unfortunately,
apart from a two-phase II trials (30,31) and a pooled analysis
of KEYNOTE-189 (32) none of the studies have been
specifically designed to evaluate the intracranial response in
patients with advanced NSCLC and multiple BM.

From a biological perspective, the blood-brain barrier
(BBB) is structurally disrupted and functionally impaired
with metastatic tumor growth, among others, by matrix
tumor cells metalloproteinases (5). However, the potential
increase in the permeability may be counterbalanced by
the edema of surrounding tumor cells. The interstitial
fluid pressure generated by this peritumoral edema might
hinders the adequate drug diffusion to central nervous
system (CNS). Towards this view, the interplay between
these two major forces would be a determinant on the final
intracranial response.

The aim of this current exploratory study was to
investigate if peritumoral edema could have a predictive
role on intracranial response to systemic chemo in patients
with newly diagnosed non-squamous non-small cell lung
cancer (non-SQ-NSCLC) and synchronous multiple BM.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-6497).

Methods
Cobort study

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by institutional research committee (PR005/20)
and individual consent for this retrospective analysis was
waived.

Patients were recruited retrospectively from the Thoracic
Oncology Unit, Catalan Institute of Oncology, L'Hospitalet
de Llobregat between 2013 and 2016. Demographic and
clinical characteristics, baseline and longitudinal (every
3 months) MRI images were collected together with
OS data. All patients, comprising our study sample were
followed for at least 1 year.
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Participants

Eligible for inclusion were adult patients with newly
diagnosed non-squamous NSCLC and synchronous
multiple BM, defined as >3 BM in a period not exceeding
30 days from diagnosis of the primary tumor. We have
excluded patients having received any previous systemic or
local brain treatment [neurosurgical resection, stereotactic
radiosurgery (SRS) or WBRT], those lacking baseline brain
MRI availability, exclusively non measurable cerebral disease
and those carrying activating mutations of the epidermal
growth factor receptor (EGFR) or anaplastic lymphoma
kinase (ALK) re-arrangements.

Treatment vegimen

Patients were treated according to the plan defined by the
multidisciplinary tumor board, and were classified for the
analysis according to the therapeutic approach: upfront
chemo alone (group A, n=17) or WBRT plus subsequent
chemo (group B, n=11). Group A patients received either
intravenous cisplatin 75 mg/m’ or carboplatin [area under
the curve (AUC) 5] plus pemetrexed 500 mg/m’ every
3 weeks up to 4-6 cycles followed by maintenance
pemetrexed until disease progression or unacceptable
toxicity. Group B patients received WBRT with a dose of
30 Gy in 10 fractions daily, followed by systemic chemo as
in group A.

Enrolled patients without any neurological deficit
received upfront chemo. Whereas patients with the
presence of neurologic symptoms received WBRT followed
by chemo. Patients with medically, well-controlled, seizures
or headache, those with mild paresis of extremities, defined
with an Medical Research Council (MRC) score of 4, or
pure sensory symptoms without functional impairment were
considered as patients without neurological symptoms and
were thus allocated in group A to receive monotherapy with
upfront systemic chemo.

MRI data

Brain MRI scans were performed using 1 of 3 MRI systems
(Philips Ingenia S 3T with 32-channel head coil, Philips
Medical System, Best, The Netherlands). The images
obtained and analyzed on 1.5T systems were acquired with
axial 5-mm slices with 0.5-mm gap for both gadolinium-
enhanced T1-weighted image (T1Gd) and fluid attenuated
inversion recovery (FLAIR) sequences, whilst those from
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3T system were axial 3-mm reconstructions of a 3D sagittal
acquisition of 0.8 mm and no gap.

The extension of edema was estimated by calculating the
ratio between the maximum diameter in FLAIR and T1Gd
sequences (F/Gd) in the axial plane per each BM depicted
at the baseline MRI (see Figure I). Enrolled patients had an
available baseline brain MRI with measurable brain disease
according to the response assessment neuro-oncology
(RANO) BM criteria, which was used to classify the
response to the treatment as progressive disease (PD), stable
disease (SD) and partial response (PR) (33).

Statistical analysis

Descriptive data was presented as mean and standard
deviation or median and range for continuous variables,
and as observed counts and percentages for categorical
variables. Intergroup comparisons were performed using
Chi-square, Student’s z-text and ANOVA depending on
the variable’s nature. In the cases where the variable did
not follow a normal distribution, a Mann Whitney U test
was applied. Post-hoc Tukey test was applied when multiple
intragroup comparisons were performed. Survival curves
were obtained using Kaplan-Meier method and compared
by log rank test. Finally, receiver operating characteristic
(ROC) analysis was applied to identify the most appropriate
cut-off for the F/Gd ratio to predict the BM response. All
tests were two-tailed and P values <0.05 were considered
significant. Patients missing main variable (baseline MRI)
were excluded from the analysis. Statistics analyses were
performed using IBM SPSS Statistics Software (Version
25.0; IBM Corp, Armonk, NY, USA).

Results
Characteristics of the participants

A total of 54 patients diagnosed with NSCLC BM from
2014 to 2016 were identified, from which 28 (52%) meet the
selection criteria. A total of 26 patients from the core study
sample were eventually excluded for the following reasons:
previous local or systemic treatment (n=7), non-available
baseline MRI (n=2), exclusively non measurable cerebral
disease (n=4) and carrying EGFR or ALK mutations
(n=13). Demographic, clinical, tumor-related data, and OS
of the 28 patients finally included are described in Table
1. There were no significant differences between groups
for almost all variables. However, the number of patients
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Figure 1 Evaluation of intracranial response before starting chemo treatment (A, FLAIR; B, T1Gd) and after 8 weeks under chemo

treatment (C, FLAIR; D, T1Gd). FLAIR, fluid attenuated inversion recovery; T1Gd, gadolinium-enhanced T1-weighted image.

under steroid treatment was clearly superior in the WBRT
plus chemo group (P=0.007). Median progression-free
survival (PFS) and OS were comparable between group A
and B (10.6 vs. 8.6 months, P=0.449 for PFS; and 12.9 vs.
10.9 months, P=0.317 for OS, respectively). Among patients
allocated in group A, 41% [7/17] were rescued with WBRT
at intracranial progression during their follow-up. Only
3 (11%) out of 28 evaluable patients were still alive at the
moment of data collection.

Neuroimaging findings

According to the first intracranial response evaluation
(3 months after initial treatment), results were distributed as
follows: PR 29% (n=5), SD 53% (n=9) and PD 18% (n=3)
of patients in group A; and PR 55% (n=6), SD 27% (n=3)
and PD 18% (n=2) of patients in group B. Patients treated
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with WBRT plus chemo had significantly higher values of
F/Gd ratio, compared to those treated with upfront chemo
alone (2.26£0.99 vs. 1.57+0.62 mm, respectively; P=0.008).

F/Gd ratio in group A was higher in those who
developed intracranial PD (2.80+0.32 mm), compared
to those who achieved either PR (1.30+0.11 mm) or SD
(1.35£0.09 mm). ANOVA test showed a significant effect on
F/Gd ratio between response subgroups at the P<0.05 level
[F(2,46) =7.749; P=0.001]. Post-hoc comparisons indicated
that the F/Gd ratio was significantly higher in PD subgroup
compared to both SD and PR subgroups (P=0.002 and
P=0.001, respectively).

Conversely, the corresponding F/Gd ratio of group B
did not show significant differences according to the BM
response status: PD (2.25+0.30), PR (2.50+0.21) and SD
(1.40+0.37) [F(2,31) =0.061; P=0.941].

Additionally, in order to identify the most discriminating
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Table 1 Demographic and clinical data
Variables Wh(c’)\llizsg)ries Groui)Nﬁ;gc;)\emo) Group B (\(l'\\/llilj;l') + chemo) P value
Gender, n (%) 0.903
Male 20 [71] 12 [71] 8[73]
Female 8[29] 5[29] 3[27]
Age, years at diagnosis (mean + SD) 55.57+8.68 55.79+8.55 55.24+9.30 0.865
Smokers, n [%] 26 [93] 15 [89] 11 [100] 0.238
Smoking, pack-year (mean + SD) 35.31+8.94 32.17+27.74 40.00+15.09 0.418
Brain metastases at diagnosis (n), median [range] 4 [3-5] 4 [3-5] 3 [3-5] 0.697
Patients with extracranial metastases at diagnosis, n [%] 20 [71] 11 [61] 9 [80] 0.336
Number of extracranial organs affected, median, [range] 2 [0-4] 2 [0-4] 1[0-4] 0.147
Steroids treatment, n [%] 0.007
Yes 20 [71] 9 [53] 11 [100]
No 8[29] 8[47] 0
DS-GPA 1-4, median [range] 2 [1-4] 2 [1-4] 2 [1-3.5] 0.394
KPS 0-100, median [range] 90 [70-100] 80 [70-100] 90 [70-100] 0.201

WBRT, whole brain radiotherapy; SD, standard deviation; DS-GPA, diagnosis-specific graded prognostic assessment; KPS, Karnofsky

Performance Scale.
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Figure 2 ROC curve plot to predict the BM response in patients
treated with chemo alone according to F/G ratio. ROC, receiver
operating characteristic; BM, brain metastases; F/Gd, FLAIR/
T1Gd ratio; FLAIR, fluid attenuated inversion recovery; T1Gd,

gadolinium-enhanced T1-weighted image.
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cut-off value for F/Gd ratio, a ROC analysis was performed
in group A, showing a 2.1 cut-off value on the F/Gd ratio,
with a sensitivity of 80% and a specificity of 83.8% [AUC
0.851, 95% confidence interval (CI): 0.689-1.014], P=0.005,
for benefit as a result of upfront systemic treatment
(Figure 2).

Discussion

Despite the tellingly poor prognosis of cancer patients
with multiple BM (>3), the growing evidence of clinically
meaningful intracranial activity of systemic therapies is
leading towards a paradigm shift on the optimal sequencing
of BM treatment; especially for those patients who are in
an oligo or asymptomatic stage and for whom long term-
survivals are expected.

Current knowledge, suggesting that the normal
functioning of BBB in BM is disrupted, has opened new
avenues to investigate the role of systemic chemo alone or
in combination with immunotherapy as an effective and safe
frontline treatment (14,25-32). However, the complexity of the
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microenvironment surrounding the tumor cell and tumor cell
barrier itself, hinders the chances of an adequate intracranial
response. The biomechanical and biochemical signals that
exist around the deliberation systems of drugs to the brain is
arousing great interest among the scientific community. We
have focused on conventional chemo since our explored cohort
of patients were treated with this therapy. However, this issue
can also be extrapolated to other types of systemic treatments.

To our knowledge this is the first exploratory study
that evaluates the extent of peritumoral edema as a potent
determinant in predicting resistance to systemic therapy.

To test the hypothesis, we characterized the extension of
edema estimated by routine MRI sequences (F/Gd ratio),
as a supporting clinical tool to predict the intracranial
response in NSCLC patients and synchronous multiple
oligosymptomatic BM. Our results showed that cut-off
values of F/Gd ratio over 2.1 are associated with chemo
failure in those oligosymptomatic BM patients, who were
treated with chemo alone (group A).

On the contrary, F/Gd ratio failed to be predictive
in WBRT plus chemo (group B)-treated patients with
symptomatic BM. This effect might be partly explained by
the higher proportion of patients in group B treated with
corticosteroids. As it is well known, corticosteroids have an
anti-inflammatory effect that can contribute to a reduction
in the vascular permeability; thus, stabilizing the BBB and
consequently making access from chemo to CNS even
more challenging. Furthermore, an alternative explanation
might have to do with the cytotoxic effect of radiotherapy
on the irradiated cells, which it is not dependent on the
permeability of the vessels and can also contribute to an
increase of the edema extension.

Other small retrospective studies focused on radiosurgery
treatment (SRS) alone in brain oligo-metastases from
NSCLC have also shown the extent of perilesional edema as
a predictive factor of response and brain progression (34,35).
In relation to chemo, there is a lack of current studies on
radiological predictive markers of intracranial response.
However, they have been explored in other systemic
therapies. Recently, a retrospective study including patients
with de novo BM of EGFR-mutated NSCLC has reported
that MRI characteristics, including tumor necrosis, rim
enhancement and specific tumor locations, seem to predict
treatment response (36). In addition, another recently
retrospective study based on melanoma BM patients
treated with IClIs, has described MRI radiomic features as a
potential biomarker to predict intratumoral heterogeneity
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and risk of intracranial progression (37).

In order to minimize the heterogeneity of the baseline
demographic and clinical characteristics of our study
population, we intentionally included patients with the same
tumor histology, staging of extra and intracranial disease and
treatment naive. Nonetheless, we have to acknowledge that the
study has several limitations. It is an exploratory retrospective
study without pre-planned sample size calculation, with the
consequent risk of selection and measurement bias. Moreover,
we had to apply strict inclusion criteria to obtain a homogenous
cohort, decreasing our final sample size. Thus, the unknown
power of this sample precludes extract firm conclusions about
survival benefits between the two analyzed groups. Finally, the
measurement of lesions diameter was also a potential source of
bias. In order to reduce it, measurements were performed by
two independent properly trained neuroradiologists following

RANO BM criteria.

Conclusions

To summarize, the extension of perilesional edema
measured by F/Gd ratio seems a promising tool to identify
oligosymptomatic patients with multiple BM in whom
upfront monotherapy with chemo should be considered.
Therefore, those oligosymptomatic patients might benefit
from upfront chemo which will allow WBRT to be
postponed, avoiding its detrimental effects on neurocognition
and quality of life. Nonetheless, we must handle these
preliminary results with caution as prospective and larger
sample studies are needed to validate the findings.
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