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Practice points

e The overall survival in glioblastoma remains dismal despite several ongoing clinical trials to evaluate approaches
to improve outcomes.

e Clinical trials with immune checkpoint inhibitors have not demonstrated significant efficacy; however, research is
ongoing to test novel approaches using immune checkpoint inhibitors.

e The combination of laser interstitial thermal therapy with immune checkpoint inhibitors might offer a benefit to
patients with recurrent glioblastoma. However, further prospective trials (which are ongoing) are essential to
validate this approach.

Despite the improved understanding of the molecular and genetic heterogeneity of glioblastoma, there is
still an unmet need for better therapeutics, as treatment approaches have remained unchanged in recent
years. Research into the role of the immune microenvironment has generated enthusiasm for testing
immunotherapy (specifically, immune checkpoint inhibitors). However, to date, trials of immunotherapy
in glioblastoma have not demonstrated a survival advantage. Combination approaches aimed at optimally
inducing response to immune checkpoint inhibitors with radiotherapy are currently being investigated.
Herein, the authors describe their experience of the potential benefit and clinical outcomes of using
combination pembrolizumab (an immune checkpoint inhibitor) and laser interstitial thermal therapy in a
case series of patients with recurrent IDH-wild-type glioblastoma.
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Background

Glioblastoma (GBM) is considered one of the deadliest malignancies, with a median overall survival (OS) of less
than 1 year [1]. The current standard of care for newly diagnosed GBM is maximal resection, followed by radiation
therapy (RT) and temozolomide (TMZ) [21. However, GBM ultimately recurs in all patients. To date, there is
no standard of care therapy for recurrent GBM, and thus there is an unmet need for new, effective therapies.
Immune checkpoint inhibitors (ICls) are a class of medications that targets checkpoint proteins responsible for
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Table 1. Patient

and molecular characteristics.

Age at diagnosis

KPS

Tumor type

IDH1

MGMT

TMB (mutations/Mb)

Patient 1 Patient 2 Patient 3

60 59 58

920 90 70

GBM GBM GBM

Wild-type (IHC and NGS) Wild-type (IHC) Wild-type (NGS)
Methylated Unmethylated Methylated
Unknown (28 at second biopsy Unknown 6

18 months after treatment)

PD-L1 expression Unknown Unknown 100%

Initial systemic therapy RT/TMZ RT/TMZ and 1 cycle of adjuvant TMZ RT/TMZ and 12 cycles of adjuvant TMZ
Second-line treatment LITT and pembrolizumab LITT and pembrolizumab LITT and doxorubicin

Third-line treatment N/A N/A LITT and pembrolizumab
Dexamethasone dose before LITT and 1 0 0

pembrolizumab (mg/day)

GBM: Glioblastoma; IHC:

Immunohistochemistry; KPS: Karnofsky Performance Status Scale; LITT: Laser interstitial thermal therapy; Mb: Megabase; N/A: No additional treatment; NGS:

Next-generation sequencing; RT: Radiation therapy; TMB: Tumor mutational burden; TMZ: Temozolomide.

tumor evasion from immune surveillance. Pembrolizumab is a monoclonal antibody checkpoint inhibitor that
blocks PD-1, a membrane receptor expressed on activated T-lymphocytes that induces anergy when bound to
PD-L1 on tumor cells. This blockage leads to an enhanced anti-tumor response and has been shown to improve
survival in multiple tumors such as melanoma and lung cancer, prompting further investigation of ICI efficacy in
other tumors, including GBM [3,4]. However, the results of ICI treatment in primary and recurrent GBM have
been disappointing [5-7]. Several factors have been implicated in this failure, including limited drug penetrance
due to the blood-brain barrier (BBB), an immunosuppressive microenvironment and tumor heterogeneity in
GBM. Therefore, ongoing research is trying to circumvent these obstacles by combining ICI with other treatment
modalities [8]. Laser interstitial thermal therapy (LITT) is a minimally invasive neurosurgical technique that can
achieve tumor cytoreduction by delivering thermal ablation (9. LITT can also cause BBB disruption, which
could allow tumor antigens to cross into peripheral blood and increase effector T-cell trafficking and infiltration
into the tumor as well as allow otherwise impermeant drugs to enter the brain [9,101. LITT has demonstrated
immunostimulatory effects on the tumor microenvironment through the release of cytokines from tumor and
immune cells, enhancement of antigen presentation and the improved function of cytotoxic CD8" T-cells [11,12.
Here, the authors report their initial experience of three patients with recurrent /DH-wild-type GBM who were
treated with LITT followed by pembrolizumab as compassionate use (Table 1).

Case series

Patient 1

A 60-year-old male presented with headache and nausea. Brain MRI showed a left temporal enhancing mass, for
which the patient underwent left craniotomy with gross total resection and histopathology was consistent with
GBM, MGMT promoter methylated, /DHI R132H negative by immunohistochemistry (IHC). He received
standard RT (60 Gy in 30 fractions) with concurrent TMZ but did not receive adjuvant TMZ due to prolonged,
severe cytopenia. After 18 months, he had disease progression shown on a brain MRI. The patient received LITT
followed by 29 cycles of pembrolizumab (200 mg every 3 weeks for 22 weeks). The patient’s follow-up brain MRI
showed increased enhancing mass with edema concerning for tumor progression, which was biopsied (Figure 1).
Pathology showed mixed pleomorphic tumor cells as well as hyalinized vessels consistent predominantly with
treatment effect (Figure 2). Next-generation sequencing (NGS) was performed using the Foundation One CDx
test (Foundation Medicine). NGS confirmed an /DH-wild-type tumor and revealed a hypermutated status with 28
mutations per megabase (Table 1). Therefore, the patient was restarted on pembrolizumab after LITT and received
an additional 18 cycles. He later had another recurrence, so bevacizumab was added. However, he continued to
deteriorate clinically, was placed on hospice care and passed away 4 months later.
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LITT2 with
LITT1 biopsy
Progression LITT effect Partial response  Pseudoprogression ,  Partial response Progression

T2 flair

T+
contrast

Time
Baseline 1 day post LITT1 12 months post LITT1 21 months post LITT1 27 months post LITT1 33 months post LITT1
and pembrolizumab and pembrolizumab and pembrolizumab and pembrolizumab

Figure 1. T2-weighted-Fluid-Attenuated Inversion Recovery (T2/FLAIR) (upper panel) and T1 weighted contrast
enhancement (lower panel) brain MRI images taken at different times before and after laser interstitial thermal
therapy treatment for patient 1. The patient’s baseline scan showed tumor progression. He received LITT followed by
pembrolizumab. Pseudoprogression was noted and tested by repeat LITT with biopsy. Partial response was seen in the
subsequent scans. The patient’s last MRI showed further progression of disease.

LITT: Laser interstitial thermal therapy.

Pre-LITT 22 months after initial LITT + pembrolizumab

Figure 2. A representative image of the resection specimen at initial diagnosis of patient 1 showing pleomorphic
glial cells with palisading necrosis consistent with glioblastoma. (A) A biopsy taken after recurrence (22 months after
the initial LITT treatment) shows large areas of geographic necrosis (red arrows) and many hyalinized vessels (black
arrows) consistent with treatment effect. (B) Tumor cells are also present.

LITT: Laser interstitial thermal therapy.

Patient 2

A 59-year-old woman presented with partial seizures, expressive aphasia and numbness in her left upper extremity.
Brain MRI showed a right frontal lobe enhancing mass. She had total resection with histopathology consistent with
GBM, MGMT promoter unmethylated, Z/DH1 R132H negative by IHC. She received standard RT and concurrent
TMZ, followed by adjuvant TMZ. Her tumor progressed after 2 months and she underwent LITT followed by
pembrolizumab (200 mg every 3 weeks). Her treatment course was complicated by hypertension and deep vein
thrombosis. Pembrolizumab was stopped after 8 cycles, as the patient opted out of receiving treatment. At the
time of stopping pembrolizumab, there was no clinical or radiological evidence of progression. She passed away
12 months after recurrence.
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Table 2. Response and clinical outcomes.

Patient 1 Patient 2 Patient 3
Number of pembrolizumab cycles received after LITT 47 8 7
Reason to stop Progression Patient choice Progression versus pseudoprogression
Best response Partial response Partial response Stable disease
Salvage therapy after LITT and pembrolizumab Bevacizumab N/A RT and TMZ
PFS since treatment with LITT and pembrolizumab (months) 33 12 7
OS since LITT and pembrolizumab (months) 40 12 NR (>29 months at data cut-off)

LITT: Laser interstitial thermal therapy; N/A: No additional treatment; NR: No recurrence; OS: Overall survival; PFS: Progression-free survival; RT: Radiation therapy; TMZ: Temozolomide.

Patient 1

Patient 2

Patient 3

% Partial response = Ongoing response
% Death I Progressive disease

? Progression vs pseudoprogression

I T T T T T T T T T T g T T T T T T T T T T i
0o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

Months

Figure 3. Swimmer plots for recurrent glioblastoma patients receiving laser interstitial thermal therapy and
pembrolizumab. Bar length indicates duration of response and survival since receiving treatment at recurrence.
RT: Radiation therapy; TMZ: Temozolomide.

Patient 3

A 58-year-old woman presented with left-side numbness and difficulty with coordination. Brain MRI showed an
enhancing mass in the right parietal lobe. She had a craniotomy with subtotal resection and debulking of the tumor.
Pathology showed GBM, MGMT promoter methylated, /DH-wild-type by NGS. She received standard RT and
concurrent TMZ, followed by adjuvant TMZ for 12 cycles. She had disease progression after 22 months. She was
enrolled in an institutional study, which included laser ablation followed by 6 cycles of weekly doxorubicin, but
was found to have disease progression during treatment. After the second recurrence, the patient was treated with
LITT followed by 8 cycles of pembrolizumab (200 mg every 3 weeks) as compassionate use. A follow-up brain
MRI demonstrated tumor progression versus pseudoprogression. At that time, the patient decided to discontinue
pembrolizumab and was re-treated with RT and TMZ. To date, she has remained clinically and radiologically stable
and is doing well (29 months since LITT and pembrolizumab).

Discussion

In this report, three patients diagnosed with recurrent IDH-wild-type GBM were treated with LITT followed by
pembrolizumab until progression (Table 1). Two of three patients had partial responses and showed promising
progression-free survival (PES) (Table 2). PFS ranged from 7 to 33 months, versus 2.9 to 4 months reported
by previous studies that combined surgery with anti-PD-1 immunotherapy [13,14]. Likewise, OS for the patients
in the current study were 12 months, 40 months and not reached (still living >29 months). In contrast, the
Checkmate-143 trial demonstrated a median OS of 9.8 months in patients with recurrent GBM who were treated
with nivolumab (another PD-1 inhibitor) (5], and another trial of pembrolizumab in the recurrent setting reported a
median OS of 8.8 months [7]. These patients highlight three examples of impressive, prolonged and durable response
with LITT followed by pembrolizumab in patients with recurrent GBM (Figure 3). Furthermore, standard dosing
of pembrolizumab appeared to be safe after LITT without any unexpected toxicity. Together these findings suggest
that a larger prospective trial is warranted to investigate the immunological effects of LITT on recurrent GBM.
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Currently, it remains unclear which patients with CNS tumors will benefit most from PD-1 inhibitors. Tissue
PD-L1 expression and tumor mutational burden (TMB) are two possible candidates, with correlation observed
in certain tumors [15]. Unfortunately, in the present study, PD-L1 expression and TMB were only known for one
patient, limiting further inferences of association. This is a major limitation of the study and highlights the critical
need for validated predictive biomarkers for response in GBM patients.

A well-established biomarker for response to alkylating chemotherapy is a GBM’s MGMT promoter methylation
status. MGMT is crucial for DNA repair and methylation of its promoter region can predict sensitivity to TMZ [16].
In the present study, patients 1 and 3 with MGMT promoter methylation had much longer OS than patient 2,
who was MGMT promoter unmethylated. Whether improved survival was a consequence of earlier treatment with
alkylating chemotherapy or possible increased mutation burden [17-19] remains unknown and is a second major
limitation of the study. Future studies may need to investigate if MGMT promoter methylation may also predispose
recurrent GBM to anti-PD-1-mediated immune response.

Finally, the mechanism underlying improved survival when combining LITT with anti-PD-1 immunotherapy
remains unknown. LITT is based on highly localized thermal ablation of target lesions using an MRI-guided,
minimally invasive procedure [20-24]. Following LITT, prolonged permeability changes to the BBB in the peritumoral
region have been reported [9,10,25. This may improve immune cell infiltration and promote maturation [11] or
improve CNS drug delivery [9,10], though further studies are needed. Interestingly, it has been suggested that LITT
can enhance iz situ immunization in GBM and potentiate the anti-tumor effect conferred by ICI [26].

Conclusion

This case series describes three patients who had exceptional clinical and radiographic responses with the combi-
nation of LITT and pembrolizumab. These findings suggest that PD-1 inhibition in combination with LITT is
a promising, innovative treatment for recurrent GBM in a subset of patients. The authors’ institution is leading
an ongoing phase 2 study using LITT and pembrolizumab for patients with recurrent GBM (ClinicalTrials.gov
identifier: NCT02311582), which will provide further insight into the safety and efficacy of this approach.
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