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ABSTRACT

Intracranial lesions in the presence of a known cancer are highly suspicious for brain metastases. Lung
cancer is the most common solid tumor responsible for brain metastases. This case emphasizes the im-
portance of multidisciplinary tumor boards including a dedicated neuroradiologist in the management of
patients with cancer.
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Clinical presentation

A 74-year-old male patient was referred to chest imaging due to productive cough, hemopty-
sis, and weight loss. Chest X-ray revealed a suspicious mass located in the right upper lobe. The
patient underwent a chest CT scan which was significant for a lesion measuring 8 x 8.6 x 10 cm
in the apex of the right lung with direct involvement of the ribs and extrapulmonary exten-
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Fig. 1. Axial (A, B) and coronal (C) T1-weighted images following intravenous contrast administration showing multiple
enhancing brain lesions (asterisks A, B). The lesions are located in the right parietal and temporal lobes, and in the
corpus callosum with extension to cerebral fornices bilaterally (arrows).'>:2>

sion toward the thoracic inlet. A CT-guided fine needle aspiration showed poorly differentiated
nonsmall carcinoma (NSCLC) positive for both TTF1 and P40. TTF1 is present in up to 76% of
lung adenocarcinoma and rarely in squamous cell carcinoma,’ whereas P40 is highly specific
for squamous cell carcinoma with only 6% of adenocarcinoma staining weakly positive for it.?
Therefore, a pathological diagnosis of adenosquamous cell carcinoma was established. Molecular
studies did not show any targetable driver mutations or translocation (EGFR, ALK, and ROS1)
and PDL1 staining was positive in only 5% of tumor cells. Afterward, the patient underwent
a Ffluorodeoxyglucose-Positron emission tomography-computed tomography (FDG-PET-CT) scan
which showed similar findings to those demonstrated in the chest CT scan with ipsilateral hi-
lar nodal involvement without evidence of distant metastasis. Consequently, the disease was
staged as IIIA (TAN1MO). Shortly after his diagnosis, the patient developed right ptosis along
with paresthesia and pain in his right arm--a clinical picture very suggestive for Horner syn-
drome secondary to his malignant disease. Based on the given findings, the patient was planned
for definitive chemoradiation. However, he was hospitalized before the initiation of radiotherapy
due to sudden left hemiparesis and dizziness, his brain CT scan showed a suspicious lesion in
the right parietal lobe. A brain Magnetic resonance imaging (MRI) demonstrated 3 enhancing
lesions surrounded by edema; one cortical and subcortical lesion in the right parietal lobe, an-
other lesion lateral to the right atrium in the temporal lobe and a third lesion in the posterior
aspect of the corpus callosum that extends to cerebral fornices bilaterally (Fig. 1).

Differential diagnosis

Intracranial lesions in the presence of a known cancer are highly suspicious for brain metas-
tases. Moreover, lung cancer is the most common solid tumor responsible for brain metastases.
Approximately 10% of all newly diagnosed patients with advanced NSCLC have brain metastasis.
Risk factors associated with the presence of brain metastasis from lung cancer include adenocar-
cinoma histology, high tumor grade, node-positive disease, large tumor size, and younger age.’
Some studies indicate that patient with EGFR mutation or ALK rearrangement tends to develop
more brain metastases compared to other NSCLC. Conversely, around 40% to 50% of patients with
brain lesions suspicious of metastasis harbor primary lung cancer.*->

Brain metastases from solid tumors usually show enhancement on MRI which is most often
well-defined and uniform but may be ring-enhancing. On Fluid-attenuated inversion recovery
(FLAIR), metastases typically appear as hyperintense with hyperintense peritumoral edema. In
the presented case there are multiple lesions, nevertheless they are clustered in one region and
involve the corpus callosum with extension to cerebral fornices. This is not a typical imaging
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for brain metastases. Therefore, high-grade glioma as additional differential diagnosis comes to
mind per imaging.

The age-adjusted incidence rates for all high grade gliomas range from 4.67 to 5.73 per
100,000 persons.5’7 Therefore, based on statistics and clinical history alone, the diagnosis of
brain metastasis seems far more likely in a patient with locally advanced NSCLC than the di-
agnosis of second primary central nervous tumor. However, the incidence of high-grade glioma
rises with age and significantly changes the management of the patient in this case. Eventu-
ally, it was decided to obtain a tissue diagnosis from the brain lesion and the biopsy revealed
fragments of glioblastoma.

Treatment approach

In view of the possibility of a second primary of high-grade glioma, it was imperative to
achieve tissue diagnosis from the intracranial lesion. A stereotactic biopsy was done, as it is
a relatively safe and fast procedure. If the brain lesion was found to be a metastasis, the pa-
tient could potentially be treated with front-line combination of chemotherapy and PD1 blockers
which could significantly improve overall and progression free survival compared to chemother-
apy alone.! The brain metastasis could be treated with radiation. Current reports indicate that
PD1 blockers have activity in untreated NSCLC brain metastases, thus this option should be dis-
cussed with the patient as a potential approach.?

In the presented case, the primary brain tumour is the key determinant of the patient’s prog-
nosis. Unfortunately, the prognosis of high grade gliomas is still poor with 5-year overall survival
around 5% and there is still no established role of immune checkpoint inhibitors in treating this
disease.

Due to rapid symptomatic progression in both sites, urgent local treatments were needed.
Both diseases were considered inoperable due to their locally advanced nature/location. After
tumor board discussion, considering the patient’s age, disease type and stage, chemoradiation
was considered a valid treatment approach for both sites. However, important considerations in
this case were choosing effective and safe dose-fractionation regimens of radiation therapy that
could be delivered in a short period of time in order to allow treating both sites in a reasonable
time manner without compromising therapy or increasing toxicity. Another important questions
are which site should be treated earlier to reduce potential harm for the patient and what are
the optimal systemic therapies that could be effective in treating both malignancies.

Anticancer therapy

Traditional radiation therapy for inoperable NSCLC constitutes of 60 Gy delivered in 30 frac-
tions given concomitantly with systemic chemotherapy. Had this regimen been applied in our
case, the treatment for the glioblastoma would have been delayed for at least 6 weeks. Our esti-
mation that the patient will not tolerate simultaneous radiation to both sites. Furthermore, given
the grim prognosis and incurable nature of his primary brain tumor, the benefit and survival ad-
vantage obtained from radical radiation treatment to the lung tumor was questioned. Hypofrac-
tionated radiation therapy for locally advanced NSCLC could offer good local control rates and
good palliation; therefore it was decided to treat the lung tumor with 30 Gy in 10 fractions
given with concomitant weekly carboplatin and paclitaxel. This allowed for a fast symptomatic
relief and time to plan treatment for the intracranial disease.

Prior to initiating radiation to the lung lesion, the patient had already received 2 courses of
weekly carboplatin (area under the curve [AUC] 2) and paclitaxel (80 mg/m? which was subse-
quently reduced to 45 mg/m? with the initiation of radiotherapy). This radiosensitizing regimen
was chosen due to its good tolerability profile. Of note, carboplatin had also been shown to have
modest efficacy in high grade gliomas.®
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Radiation therapy is part of the standard therapy for high-grade gliomas. It is usually given in
a total dose of 60 Gy in 30 fractions with concomitant temzoloamide. However, shorter courses
of chemoradiation can be used for older patients without compromising outcomes.” ' Based
on the patient’s age, performance status, and with the thought that the patient will be given
adjuvant chemotherapy for the lung lesion (thus, preferably a shorter radiation course). The pa-
tient was treated with a total radiation dose of 39 Gy in 13 fractions!! with concomitant tem-
zoloamide. This protocol is similar to the protocol used for elderly patients (40.5 Gy in 15 frac-
tions). As the patient had symptoms from his lung malignancy and had difficulty in laying on
his back with a thermoplastic mask for treatment of his intracranial lesion, we a short protocol
for the brain lesion was used. This also allowed for applying adjuvant chemotherapy as soon as
possible.

Adjuvant chemotherapy

One very important question in this case is how this patient should be treated after the
completion of local therapies. Adjuvant temozolamide had been shown to improve survival
and progression-free-survival in glioblastoma, yet it has limited efficacy in NSCLC. The histo-
logic component of the NSCLC that might represent poorly differentiated squamous cell carci-
noma raises concerns regarding the use of Bevacizumab since its use was reported to be asso-
ciated with life-threatening hemorrhage. Moreover, while the use of Bevacizumab can prolong
progression-free-survival in second or further line therapies in gliomas, there is no evidence
supporting its use in the primary setting. One option that was favorably considered in this case
was a combination of carboplatin and vinorelbine which is an effective regimen in NSCLC. Both
these agents also proved to be effective in treating patients with gliomas,'?''3 thus this regimen
can potentially address both malignancies effectively.

Novel systemic therapies

In the current case, the lung tumor did not harbor translocation in ALK1 or mutations in
EGFR and ROS1. Therefore, the patient is not a candidate for targeted systemic therapy.

Immune checkpoint inhibitors, mainly PD1 and PDL1 inhibitors, are radically changing the
treatment landscape of various malignancies. Several prospective randomized trials showed that
immunotherapies are effective in treating NSCLC both as monotherapy as well as in combina-
tion with chemotherapy in the first line setting for patients whose tumors express high levels of
PDL1 and in the second line setting regardless of PDL1 status.'#'® Moreover, adjuvant treatment
with PDL1 inhibitors (Durvalumab) after chemoradiotherapy in stage Ill NSCLC had been shown
to improve progression-free-survival as well as overall survival.!® On the other hand, current
literature still does not provide consistent evidence that these agents are effective in gliomas.
A phase III trial which directly compared the efficacy and safety of nivolumab monotherapy vs
bevacizumab in patients with glioblastoma with first recurrence after chemoradiation failed to
reach its primary end-point of superior overall survival in the nivolumab arm.?’ Furthermore,
objective response rates were less common in the nivolumab arm. Yet, in patients who re-
sponded to nivolumab, the response was more durable. Several predictive biomarkers that could
positively correlate with the efficacy of immunotherapy had been studied, most important of
those are microsatellite instability (MSI), high tumor mutational burden (TMB), and PDL-1 ex-
pression. A study conducted by Bonviell et al showed that the prevalence of MSI in glioblastoma
is only 0.25%.2! Hodges et al demonstrated that high TMB was found in only 3.5% of GBM pa-
tients.?2 Of note, in the previously mentioned study that compared head to head bevacizumab
with nivolumab, objective response rates were higher in the bevacizumab arm also among pa-
tients that had PDL1 expression >1%. Thus based on the current molecular landscape of glioblas-
toma, it seems that anti-PD1 agents have limited efficacy as monotherapy and would not be a
good treatment option in case of GBM progression.
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It would seem sensible to consider treatment with immune check point inhibitors in the
case of extracranial progression which would be attributable to the lung tumour coupled with a
stable intracranial disease.

Tumor treating fields (TTF) is an emerging modality in the treatment of primary and re-
lapsing glioblastoma. In a randomized prospective trial, the incorporation of TTF with adju-
vant temozolamide improved median progression-free-survival and overall survival compared
to adjuvant temozoloamide alone.2* This modality is currently evaluated for NSCLC brain metas-
tases without favorable mutations (NCT02831959). Therefore, this treatment option could also be
considered in our case.

Summary

After reviewing the current literature and taking into account patient’s age, performance sta-
tus and disease stage. We pursued hypofractioned chemoradiation strategies for both sites. Treat-
ments were well tolerated without any significant adverse effects. After the completion of the
treatments, the patient experienced some improvement in his arm and chest pain (secondary to
the lung tumor) and in his dizziness. A CT scan done 1 month after the end of therapies showed
an objective response in his lung tumor and a stable disease in the brain.

This case emphasizes the importance of multidisciplinary tumor boards in the management
of patients with cancer. First, we demonstrated how diagnostic evaluation could be optimized
with the integration of a dedicated neuroradiology expert and we highlight that the diagnosis of
metastases in a patient with an established diagnosis of cancer should not be straightforward.
Indeed, in the study of Patchell et al, which intended to evaluate the role of surgical resection
of brain metastases from primary extracranial primary tumors, 6 out of 54 enrolled patients
(11%) proved on resection or biopsy not to have brain metastases, with 3 of those proved to be
gliomas and the others benign disorders.2* Second, some patients require the cooperation of 2 or
more dedicated teams dealing with different tumor types. In our case, there was a close cooper-
ation between the thoracic oncology and neuro-oncology units in order to choose the treatment
strategies and to coordinate the timing of treatments. Finally, choosing the optimal sequential
systemic treatment after local treatments is not always clear. Different tumors demonstrate het-
erogeneous sensitivity to cytotoxic agents, thus it is not always trivial to choose systemic agents.
Moreover, as we stated before, the effective utilization of immunotherapy is still restricted to
certain types of tumors while in other cancers the results are less encouraging. Tumor board
discussions in such intricate cases allow beneficial inputs from site-specialized experts so that
effective as well as safe treatments could be chosen.
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