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ABSTRACT

Introduction: Lung cancer is the leading malignancy metastatic to the central nervous system with
approximately 20% to 44% of all cases developing brain metastasis. Immunotherapy using pembrolizumab,
ananti-PD1monoclonal antibody, is a novel method in lung cancer treatment and has shown favorable results
in patients with metastatic brain lesions from non-small cell lung carcinoma (NSCLC). However, the cost of the
recommended treatment dose limits its use especially in developing countries like the Philippines.

Case Presentation: The authors report two patients with lung cancer with brain metastasis upon diagnosis.
The first patient is a 65-year-old male, non-smoker with PD-L1 expression of 60%. He was started on
pembrolizumab 100 mg IV every three (3) weeks and a repeat CT scan after 11 cycles revealed a reduction of
the two brain metastatic lesions and no fluoro-D-glucose (FDG) uptake on positron emission tomography
(PET) scan even after one year into treatment. The second patient is a 67-year-old female, a previous smoker
with PD-L1 expression of 50% with a metastatic solitary solid nodule in the cortex of the right cerebellum.
After five cycles of pembrolizumab 100 mg IV every three weeks, there was noted complete resolution of
brain metastasis on PET scan even after one year of treatment.

Conclusion: A lower dose of pembrolizumab (100 mg given every 3 weeks) was found to be effective in the
management of advanced NSCLC with brain metastasis in the two patients. Further studies are recommended
to investigate lower dose pembrolizumab as monotherapy without radiation therapy or surgery in patients
with NSCLC with brain metastasis especially in the setting of a resource-limited country like the Philippines.

Keywords: immunotherapy, lower-dose pembrolizumab, NSCLC, lung cancer, brain metastasis, case report,
developing country, Philippines

Introduction

Lung cancer is the leading cause of cancer-related
mortality and the second most common cancer worldwide
[1]. In the Philippines, lung cancer is likewise the leading
cause of mortality (18.4%) among all types of cancers [2].
Non-small cell type lung cancer (NSCLC) accounts for
approximately 85% of all lung cancer patients with 20-44%
of them having brain metastases at one pointin their disease
course [3-7]. Infact, studies report that at least 50% will have
brain metastases on autopsy [8-11]. Metastatic brain lesions
from NSCLC upon diagnosis of NSCLC are associated with
poor prognosis with a median overall survival (OS) of only 1-
2 monthsin untreated patients [12].

Phil J Health Res Dev July-September 2022 Vol.26 No.3, 99-105

The standard treatment for NSCLC with solitary and
multiple brain metastasis/es is surgical resection and/or
radiation therapy or stereotactic radiosurgery (SRS) [13,14].
The role of systemic therapy has traditionally been used after
performing surgery and/or radiation therapy. However, with
the advent of more targeted treatments that may penetrate
the blood-brain barrier more, the role of systemic therapy
may take its place in the forefront, especially for smaller and
less symptomatic brain metastasis/es.

The expression of immune checkpoint programmed
death ligand-1 (PD-L1) is believed to allow cancer cells to
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avoid detection of the innate immune response whereas the
programmed cell death 1 (PD-1) receptor is expressed mainly
on cell surfaces of activated cytotoxic (CD8+) T-cells [15]. (15)
The activated T-cells have PD-1 receptors to which the PD-L1
binds resulting in the suppression of the immune system via
inhibition of the regulatory T-cell apoptosis and induction of
cytotoxic T-cell apoptosis [16-19]. The formation of the
ligand-receptor complex causes inhibition of interleukin-2
(IL2) synthesis that is responsible for the activated T-cells
proliferation, cell differentiation, and death which altogether
regulates theimmune response [18-20].

Immunotherapy using pembrolizumab, an anti-PD1
monoclonal antibody which is a novel method in lung cancer
treatment, has shown favorable results in patients with
metastatic brain cancer from NSCLC. However, the cost of the
recommended treatment dose limits its use especially in
developing countries like the Philippines [21,22]. Furthermore,
patients with metastatic diseases sometimes refuse invasive
procedures including surgical intervention and even SRS,
hence, the use of other treatment options including
pembrolizumab immunotherapy is being explored. However,
literature using pembrolizumab as monotherapy for NSCLC
with brain metastasis remains scarce [24]. This paper
presented two cases of patients with NSCLC metastasis to the
brain managed with lower dose pembrolizumab monotherapy.

Case Presentation
Case 1

A 65-year-old male, weighing 63 kg, with no history of
smoking and no family history of malignancy, presented at the
emergency department with an enlarging and tender right
mandibular mass associated with left-sided body weakness.
Plain cranial CT scan was done revealing two intracranial
masses measuring 1.6 x 1.5 cm and 1.8 x 1.4 cm to which he
was given dexamethasone. Positron emission tomography
(PET) scan was done revealing the following findings: the
primary lung mass measuring 6.0 x 6.5 x 6.0 cm at the
superior segment of the right lower lobe, right mandibular
mass measuring 3.3 x 2.5 x 2.7 cm, and the previously seen
two areas of brain metastasis: right frontal lobe and left
fronto-parietal lobe measuring 1.6 x 1.5cm and 1.8 x 1.4 cm,
respectively [Figure 1 —a, b]. Biopsy of the lung mass showed
non-small cell lung carcinoma that is positive for PD-L1 with
an expression of 60% and negative for EGFR mutation. The
patient was referred for SRS but refused. Neurosurgical
consultation was not done because the sizes and number of
the cranial lesions were both acceptable for SRS and this is the
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least invasive procedure and will not delay systemic workup.
However, the patient refused SRS and opted to be treated
with immunotherapy due to its side effect profile. He was
started on pembrolizumab 100 mg IV every three weeks and
denosumab 120 mg subcutaneously every four (4) weeks.
Before mid-cycle of the regimen, there was a noted resolution
of the left-sided body weakness with the disappearance of
the right mandibular mass. After 11 cycles of pembrolizumab,
the primary lung lesion also decreased in size measuring 2.4 x
2.0 x 2.4 cm. The two brain metastatic lesions — right frontal
lobe and left frontoparietal lobe — were reduced to 1.0 x 0.9
cmand 0.7 x 0.5 cm respectively [Figure 1—c, d], and both had
no fluoro-D-glucose (FDG) uptake. The patient had no
significant toxicity during chemotherapy as the major toxicity
observed was grade 1 transaminitis based on the Common
Terminology Criteria for Adverse Events (CTCAE Version 5.0).
After 1 year of lower dose pembrolizumab, the brain lesion
remained stable with no new discrete enhancing mass or
abnormal meningeal enhancement noted. The previously
noted bone metastases had no FDG uptake and the lung
metastases remained stable. The plan is to continue
pembrolizumab and the patient willingly agreed to this.

Figure 1. Brain computed tomography image before
pembrolizumab treatment showing metastases in the right
frontal lobe (a) and left fronto-parietal lobe (b) measuring 1.6
x 1.5cmand 1.8 x 1.4 cm, respectively, and repeat scan after
7 cycles showing a reduction in the size of the lesion to 1.0 x
0.9cm(c) and 0.7 x 0.5 cm (d) with no FDG uptake.
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Case?2

A 67-year-old female, weighing 53 kg, previous smoker for 9
pack-years but stopped 10 years ago with an unremarkable
family history, sought consult due to chronic coughing episodes.
She was initially managed as a case of parapneumonic pleural
effusion. Results of the pleural fluid cytology revealed
adenocarcinoma with PD-L1 expression of 50% and negative for
EGFR mutation. Metastatic work-up revealed a solitary solid
nodule in the cortex of the right cerebellum measuring 0.6 x 0.7
x 0.5 cm (AP/T/CC). The patient had no neurologic deficits but
presented only with dizziness. The patient was also referred for
SRS but refused. She preferred to be treated with
immunotherapy instead due to its side effect profile. She was
started on pembrolizumab 100 mg IV every three weeks and
zoledronic acid every three weeks. The plan was to do SRS but
the patient did not consent. After 5 cycles of pembrolizumab,
there was a noted disappearance of the cerebellar mass on PET-
CT scan. One year into treatment with lower dose
pembrolizumab, there was still no identifiable cranial mass on
the PET-CT scan and the patient remains asymptomatic and has
no adverse toxicity from the treatment based on the Common
Terminology Criteria for Adverse Events (CTCAE Version 5.0).
The right lung lesion is stable, has probable metabolic
resolution based on the PET scan, and there was further
regression of the right-sided pleural effusion. No FDG-avid
disease in the liver and elsewhere. The plan is to continue
pembrolizumab therapy and the patient willingly agreed to this.

Discussion

Metastatic brain tumor is the leading cause of malignancy
in the central nervous system (CNS) [24]. Non-small cell lung
cancer (NSCLC) accounts for 85% of patients with lung cancer
and brain metastases from NSCLC account for approximately
20% to 44% of all cases of brain metastasis [3-7]. Traditional
therapies for metastatic NSCLC such as chemotherapy,
radiotherapy, and surgery are often employed in combination
to be more effective in eliminating residual metastatic
disease but this approach is still unsuccessful in completely
eliminating residual cancer cells particularly in the CNS
[25,26]. Traditional chemotherapeutic agents used in
metastatic NSCLC to the brain include the use of platinum-
based chemotherapy like cisplatin and carboplatin, and
paclitaxel and docetaxel although the last two agents have
poor brain penetration at sufficient concentration to cause
substantial anti-tumor effect [27-32].

Immunotherapy using pembrolizumab, an anti-PD-1
monoclonal antibody, has shown favorable outcomes in
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patients dealing with advanced NSCLC. However, more robust
studies regarding blood-brain barrier penetration have been
limited but existing studies suggest that disruption of the blood-
brain barrier as well as neovascularization may allow
penetration into the CNS [23,33-35]. The use of pembrolizumab
is the recommended standard of treatment for patients with
metastatic NSCLC without driver mutations and the tumor
expresses PD-L1 mutation of 50% [36]. Penetration of
pembrolizumab in the central nervous system remains in
question, although reports suggest possible activity and
beneficial therapeutic response [7,23,37-39]. Aside from its
possible effect and penetration to the CNS, the minimal optimal
dose required to cause a substantial anti-tumor effect on the
brain is still unknown.

The US Food and Drug Administration approved
pembrolizumab as an adjunct treatment for NSCLC with brain
metastasis with a dose of 200 mg every three weeks. Several
studies showed that partial or complete CNS response can be
achieved with the administration of this drug at this dose
[22,40]. However, the cost of treatment using the
recommended treatment dose limits its use especially in
developing countries including the Philippines [21,22,40].

In the landmark study KEYNOTE-001, study on the ex vivo
pharmacokinetics (PK) of PD-1 receptor saturation
demonstrated that at 1 mg/kg, there was complete peripheral
target engagement. In the initial dose escalation cohort,
there was durable anti-tumor activity across all patient
cohorts at 1-10 mg/kg given every three weeks. Succeeding
studies demonstrated the efficacy of 2 mg/kg given every
three weeks and 10 mg/kg dose given every two weeks were
both similar, but no study was done to examine a dose of <2
mg/kg or a lower fixed-dose [41-44]. Despite the PK profile of

Figure 2. Brain magnetic resonance image before
pembrolizumab treatment. Sagittal view measuring 0.6 x 0.7
x0.5cm (a) and coronal view (b).
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pembrolizumab at the PDL1 receptor with saturation and
clinical efficacy at 1 mg/kg and 2 mg/kg, respectively, the
standard fixed-dose of 200 mg given every three weeks was
used in a Phase Il clinical trial that later on led to its FDA
approval [45].

Limited studies using a lower dose of pembrolizumab at
100 mg given every three weeks are being explored. In a
retrospective, an observational study done in Singapore by Li
Low et al. (Table 1) involving 114 patients who received
pembrolizumab, the efficacy, progression, and survival
outcomes of adult patients weighing between 31-103 kg
diagnosed with advanced NSCLC without prior chemotherapy
were observed and compared using the lower dose of
pembrolizumab at 100 mg (n=65), and the standard dosing of
200 mg (n=49) given every three weeks in a single center from
2016 to 2020 has shown no significant difference in the
progression-free survival and overall survival outcomes
between the two doses. Patients who were given a lower
dose of pembrolizumab 100 mg when combined with
chemotherapy also responded well to the treatment with
noted significant cost savings [22]. However, this study did not
specify the effect of pembrolizumab in CNS metastasis.

In a case report by Marvin and colleagues (2020),
monotherapy using pembrolizumab 200 mg given every
three weeks for three months is effective and showed
resolution of brain metastasis from NSCLC based on
radiographicfindings [23].

In a case report by Di and Zhang (2019), a 51-year-old man,
heavy smoker, with stage IV NSCLC who underwent surgical
removal of lung tumor and had adjuvant chemotherapy using
cisplatin and etoposide had subsequent metastasis to the
brain. He was treated with pembrolizumab 100 mg every two
weeks and after 18 cycles of pembrolizumab, the cranial CT
scan and MRI revealed obvious reduction of brain metastasis
and the patient remains completely asymptomatic [39].

In this case report, the two patients with NSCLC with brain
metastasis responded well to treatment using monotherapy
with a lower dose of pembrolizumab 100 mg every two
weeks. The follow-up scan of the second case showed
complete resolution of the intracranial lesion and loss of FDG
uptake suggesting blood-brain barrier permeability even
with the low dose of pembrolizumab. In both patients, the
edema associated with active brain lesions was also resolved.

Table 1. Summary Table of Lower Fixed-dose Pembrolizumab Studies

Author Study objective Study design Participants Conclusion Intervention
Li Low et al. | To assess the efficacy of | Retrospective A total of 114 patients Pembrolizumab had Pembrolizumab 100mg
(2021) [22] | a lower fixed-dose of observational study received pembrolizumab | efficacy at a dose of 100 | vs pembrolizumab
100mg, which is closer to for advanced NSCLC. mg every three weeks. 200mg.
2 mg/kg weight-based Sixty-five (57%) and 49 No significant differences
dose in the average-size (43%) received fixed- between the two groups
Asian patient. dose pembrolizumab 100 | in terms of progression-
mg and 200, free survival (PFS) and
respectively. Weight of overall survival (OS). A
patient ranges from 31 randomized prospective
kg to 103 kg with no trial is required for further
significant differences investigation
between the two groups
Li Low et al. | To determine the efficacy | Retrospective A total of 92 ECOG 0-2 A lower fixed-dose Pembrolizumab 100mg
(2020) [37] | of pembrolizumab at a observational study patients with advanced (100mg) showed no vs pembrolizumab
low fixed-dose (100mg) stage NSCLC were difference in the 200mg.
compared to the treated with progression-free survival
standard dosing pembrolizumab 100mg and response rate in an
(200mg). (46 patients, 50%) and Asian cohort. Further
200mg (46 patients, randomized trial in Asian
50%). population is
recommended.
Di and To present two cases of | Case report Two patients with Pembrolizumab showed | Pembrolizumab 100 mg
Zhang NSCLC with brain NSCLC with CNS activity in brain and 120 mg
(2019) [39] metastasis treated with metastasis previously metastasis of the 2
pembrolizumab and to treated with combination | patients with NSCLC and
discuss the safety and therapy (surgery, with an acceptable safety
efficacy in these patients. chemotherapy, and RT) | profile.
treated with
pembrolizumab (100 mg/
2 weeks and 120 mg/ 3
weeks).
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Given no significant difference between the 2 mg/kg and
the fixed-dose of 200 mg given every three weeks, the lower
weight of Asian patients, and the economic benefit of a
lower dose, a lower fixed-dose of 100 mg pembrolizumab
given every three weeks requires further evaluation [22,46].

As of the present, there are no cost-effectiveness with
efficacy studies directly comparing the standard dose to
lower dose pembrolizumab. In the Philippines, one vial of
pembrolizumab 100 mg costs approximately Php 75,000-
85,000 [47]. This is not within reach of most patients,
especially since our healthcare system is mostly out-of-
pocket. Giving it at the recommended dose of 200 mg will
cost Php 150,000 - 170,000 every three weeks until the
resolution of all active lesions. Studies to assess the efficacy
of low-dose pembrolizumab monotherapy among patients
with NSCLC with metastatic brain lesions also remain scarce
but the limited studies and case reports have shown
promising results. The use of a lower than recommended
dose of pembrolizumab (100 mg every 3 weeks) should be
explored in resource-limited areas such as the Philippines,
especially since patients in this study responded well to it.
The authors suggest that patients with brain metastasis
from NSCLC who are not amenable to the standard therapy
(surgical resection of brain tumor or radiotherapy) and with
minimal symptoms from brain metastases, good functional
capacity, and high PD-L1 expression (>/=50%) may be given
atrial of systemic treatment alone with pembrolizumab.

This study has limitations; despite the beneficial effects
seen in the patients and the beneficial economic impact, it
should be interpreted with caution, especially in a much
larger patient population and those with brain metastasis
since most studies dealing with NSCLC with brain metastasis
used the fixed-dose of pembrolizumab 200 mg given every
three weeks and not the lower fixed-dose of 100 mg.
Moreover, since this is a case report, the power of the study
to show a statistically significant difference is not possible,
thus, alarger study using a lower fixed-dose pembrolizumab
at 100 mg for patients with advanced NSCLC who already
have brain metastasis is recommended especially in the
Asian population.

Conclusion

Two cases of brain metastases from NSCLC who were
treated with a lower dose of pembrolizumab 100 mg given
every three weeks as monotherapy, without surgery or
radiation therapy was presented. This treatment was found to
be effective in treating the primary lesion as well as other
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metastatic foci including the brain metastases, with one of the
patients reported to have complete resolution of the
intracranial lesion and loss of FDG uptake even after 1 year
into treatment. However, foregoing the recommended initial
treatment such as surgery and/or radiation therapy in the
hope that the lower dose immunotherapy (100 mg every 3
weeks) will successfully treat the primary lung lesion and/or
the brain metastasis/es may be a point of discussion that
needs further investigation. There is still limited data
regarding the use of the lower dose pembrolizumab in the
treatment of advanced NSCLC, especially those with brain
metastases. A larger—scale, cost—effectiveness, and efficacy
study comparing standard dose to lower dose pembrolizumab
in lung cancer with brain metastasis will benefit patients
immensely in third-world countries like the Philippines.

Informed Consent

Both patients have authorized the use of this material for
publication in print and/or via internet dissemination for
others to read. Informed consent was obtained after detailed
explanation of the nature and purpose of this case report.
Strict anonymity of the persons involved was maintained.
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