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ABSTRACT: Metastatic pheochromocytoma and paraganglioma (mPHEO/PGL) are frequently associated with succinate dehydrogenase B
(SDHB) mutations. Cyclophosphamide-dacarbazine-vincristine (CVD) regimen is recommended as standard chemotherapy for advanced
mPHEO/PGL. There is limited evidence to support the role of metronomic schemes (MS) of chemotherapy in mPHEO/PGL treatment. We report
2 patients with SDHB-related mPGL who received a regimen consisting of MS temozolomide (TMZ) and high-dose lanreotide after progression
on both CVD chemotherapy and high-dose lanrectide. Molecular profiling of the tumor tissue from both patients revealed hypermethylation of
the O6-methylguanine-DNA-methyltransferase (MGMT) promoter. In one patient, progression-free survival was 13months and the second patient
remained under treatment after 27 months of stabilization of metabolic response of his disease. Treatment was well tolerated, and adverse
effects were virtually absent. A modification in the scheme of TMZ from standard schemes to MS is safe and feasible and can be considered in
patients with progressive mPHEO/PGL refractory to dacarbazine in standard doses.
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Background

Pheochromocytomas (PHEOs) and paragangliomas (PGLs)
are rare, frequently heritable and highly vascularized neuroendo-
crine tumors (NETs) that originate from chromaffin cells of the
adrenal medulla or paraganglia located outside of the adrenal
gland, respectively. Although they are usually benign, PHEO/
PGL can exhibit malignant behavior. This rate of malignancy
has long been cited as 10%,! although some authors point at a
higher percentage of 26%,? which would be specially higher in
patients with secretive PGLs.3 Patients with mPHEO/PGLs,
defined by the presence of metastases, have a 5-year overall sur-
vival rate of 60%.* Approximately 40% of PGLs are ascribed to
germline mutations in 1 of more than 12 well-identified genes
including succinate dehydrogenase (SDH) type A, B, C, or D;
SDH complex assembly factor 2 (SDHAF2); fumarate hydratase
(FH); von Hippel-Lindau (VHL); malate dehydrogenase
(MDH) type 2; endothelial pas domain protein 1/hypoxia-
inducible factor type 2A (ERAS1/HIF2A4); prolyl hydroxylase
(PHD) type 1 and 2; rearranged during transfection (RET); neu-
rofibromatosis type 1 (IVFI); transmembrane protein 127

(TMEM127); and MYC-associated factor X (MAX).>7
Mutations in the SDHB gene are associated with mPHEO/
PGL in up to 83% of cases.®? SDH-related tumorigenesis is
characterized by a pseudo(hypoxic) pathway signature and stabi-
lization of the hypoxia-inducible factor,'%1! which results in acti-
vation of target genes involved in angiogenesis, proliferation,
invasiveness, and metastasis.'>!3> More specifically, SDHB-
mutated PGLs exhibit a pronounced hypermethylator pheno-
type!# resulting in decreased expression of target genes involved
in neuroendocrine differentiation.’® This mechanism leads to
activation of the epithelial-to-mesenchymal transition pathway
and explains the invasive phenotype of these tumors.'#? In
patients with progressive mPHEO/PGL, the treatment goals
are to manage hormone-related symptoms, control tumor
growth, and prolong the overall survival (OS) of patients.
Treatment options are limited to debulking surgery, localized
radiotherapy, and  tumor-specific ~ systemic  therapies.
Combination treatment with cyclophosphamide-dacarbazine-
vineristine (CVD; cyclophosphamide 750 mg/m? vincristine
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1.4mg/m?, and dacarbazine 600mg/m? on day 1 and dacar-
bazine 600 mg/m? on day 2) is considered the standard first-line
chemotherapy regimen in patients with inoperable and progres-
sive. mPHEO/PGL based on 6 retrospective studies.!¢-22
However, the results may be overestimated and have not been
confirmed by randomized controlled trials. Molecular targeted
chemotherapies with mammalian target of rapamycin (mTOR)
inhibitors (NCT01152827) and tyrosine kinase inhibitors with
strongantiangiogenicactivity suchas pazopanib (NCT01340794)
and axitinib (NCT01967576) have not shown any clear benefit
in mPHEO/PGL in phase 2 clinical trials. Ongoing clinical tri-
als are testing the efficacy of vascular endothelial growth factor
(VEGF) pathway inhibitors, such as sunitinib (NCT01371201)
and lenvatinib (NCT03008369); VEGF/MET (VEGF/hepat-
ocyte growth factor receptor) pathway inhibitors, such as cabo-
zantinib (NCT02302833); and the immune-modulating
antibodies against the PD-1/PDL-1 pathway, such as pembroli-
zumab (NCT02721732).

Temozolomide (TMZ) is an alkylating agent and an oral
chemotherapy alternative to intravenous dacarbazine, which his-
torically has been used both as monotherapy and in combination
with other antitumoral agents. In a recent study, TMZ, when
administered at a mean dose of 172 mg/m?/d for 5 days in 28-day
cycles, resulted in clinical benefit in 67% of the enrolled patients
with progressive mPHEO/PGL.2® Interestingly, 80% of these
responders exhibited low tumor levels of O6-methylguanine-
DNA methyltransferase (MGMT).?3 A similar pattern has been
previously reported in patients with glioblastomas and gastroen-
teropancreatic NETs.24% Furthermore, this study reported a
correlation between SDHB-mutated tumors and hypermethyla-
tion of the MGMT promoter region.?

In this report, we detail the outcomes for 2 patients with
SDHB-related PGL progressive metastatic disease, who had
been already treated and progressed on both intravenous dacar-
bazine-based chemotherapy and high doses of lanreotide
(Table 1). At the time of progression (T'TP), standard scheme
(SS) of chemotherapy was rotated to metronomic schemes
(MS) with TMZ 75mg/m? (21/28-day regimen).¢ Both
patients responded well. The administration of MS in our 2
patients was based on further genetic profiling of metastatic
tumor tissue in both patients who revealed methylation of the
MGMT promoter. This epigenetic silencing pattern® and the
theoretical possibility to overcome chemotherapy resistance to
conventional SS were considered compelling molecular find-
ings to recommend rechallenging with TMZ and to explore
MS dosing of the same.

In general, the administration of optimal MS chemotherapy
can result in an improved OS compared with S52728 with rela-
tively low toxicity in various solid malignancies,?®3% even in
heavily pretreated patients.?$2° As a consequence, chemother-
apy paradigms are shifting to focus on MS.31-33 Metronomic
scheme targets the proliferating tumor endothelial cells’* and
theoretically can result in a significant antiangiogenic effect31-34
and may implicate immunologic host effects’?35 as treatment

outcome seems to rely on the immune environment.33 However,
the antiproliferative pathways of MS are not fully elucidated.

Experimental Methods and Data Analysis

After pathological review, formalin-fixed paraffin-embedded
(FFPE) metastatic tissues were macrodissected and DNA was
extracted using the Qiagen DNA FFPE Tissue Kit (Qiagen,
Valencia, CA, USA) and measured using the Qubit 2.0
Fluorometer (Thermo Fisher Scientific, Waltham, MA, USA).
To identify somatic alterations, an AmpliSeq custom panel
(OncoDNA, Gosselies, Belgium) was designed to amplify by
next-generation sequencing (NGS) 207 amplicons covering hot-
spot mutations of 65 genes (OncoDEEP). Briefly, the targeted
sequencing libraries were generated using the Ion AmpliSeq
Library Kit 2.0 according to the manufacturer’s instructions
(Thermo Fisher Scientific). The starting material consisted of
10ng DNA from FFPE.The primers used for amplification were
partially digested by the Pfu enzyme and the product of digestion
was then ligated with corresponding barcoded adapters and puri-
fied using Ampure Beads (Agilent Genomics Inc., Santa Clara,
CA, USA). The product of purification was amplified for 5 more
cycles and subsequently purified using Ampure Beads. The qual-
ity of the libraries was assessed using the Qubit dsDNA HS
Assay Kit (Thermo Fisher Scientific). About 10pM of each
library was loaded into the Ion Chef System (Thermo Fisher
Scientific) for the emulsion polymerase chain reaction. An aver-
age coverage of 1000x was targeted to be able to detect variants
down to 5%.Ion PGM (Personal Genome Machine) System was
used for primary processing of NGS data and identification of
putative somatic mutations. The data generated were aligned to
the human reference sequence and annotated using the consensus
coding DNA sequences, RefSeq, and Ensembl databases. The
NGS data were first analyzed using the Torrent Suite Software
(Thermo Fisher Scientific).

Then, somatic mutations were identified using the Variant
Caller 4.0 software using the somatic high-stringency parame-
ters (Thermo Fisher Scientific). Mutations were separated into
those associated with a described biological impact on the func-
tion of the proteins and those common germline mutations
found in the NCBI dbSNP human variation sets in VCF (vari-
ant call format) version 138 (https://www.ncbi.nlm.nih.gov/
variation/docs/human_variation_vcf/). For immunohistochem-
istry (IHC), each IHC was analyzed by microscopy in a double-
blind fashion. A score was calculated based on a predefined
ISO-accredited scoring method (which is IHC dependent).
MGMT promoter methylation was determined using pyrose-
quencing. To assess clinical relevance of the analyses, a literature
search was performed to identify published official guidelines,
retrospective, and prospective clinical studies, pertaining to
genomic alterations of each gene and their association with out-
comes in patients with cancer, and to remove variants known to
be benign or likely to be benign. The same analysis was per-
formed for the results of the IHC and methylation test. The
treatments recommended for each assay fell into 3 different
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Table 2. Results of exhaustive genomic profiling, next-generation sequencing (NGS) of 65 genes (lon Torrent technology [Life Technologies,
Carlsbad, CA, USA]), methylation profiling, and immunohistochemistry (IHC) of the tumor tissue (OncoDEEP) from both patients.

PATIENT 1 PATIENT 2

NGS

VARIANTS

Variants of uncertain 1
significance (VUS)

KDR p.R961Q

Probably polymorphism 1 PIK3CA p.I391M 1 DPYD p.S534N

IHC

PROTEIN/BIOMARKER EXPRESSION CLINICAL IMPACT
P16 Positive Potential lack of clinical benefits of Negative Potential lack of clinical
CDK4/6 inhibitors benefits of CDK4/6 inhibitors
CDK4 Negative Potential lack of clinical benefits of Moderate Potential clinical benefits of
CDK4 inhibitors CDK4 inhibitors
Phospho-Rb Negative Potential lack of clinical benefits of Positive Potential clinical benefits of
CDK4/6 inhibitors CDK4/6 inhibitors
Fusion panel (ALK/ Negative Potential lack of clinical benefits of Negative Potential lack of clinical
ROS1/RET) Crizotinib benefits of Crizotinib
MGMT methylation Positive Potential clinical benefits of Positive Potential clinical benefits of
temozolomide temozolomide
CD8 Negative Potential lack of clinical benefits of Negative Potential lack of clinical
PD-1/PD-L1 inhibitors benefits of PD-1/PD-L1
inhibitors
PD-L1 Low Potential lack of clinical benefits of Low Potential lack of clinical
PD-1/PD-L1 inhibitors benefits of PD-1/PD-L1
inhibitors
p4EBP1 Low Potential lack of clinical benefits of Low Potential lack of clinical
mTOR inhibitors benefits of mTOR inhibitors
PTEN Positive Potential lack of clinical benefits of Positive Potential lack of clinical
PIK3CA and/or mTOR inhibitors benefits of PIK3CA and/or
mTOR inhibitors
VEGF Positive Treatment based on angiogenesis Negative Potential lack of clinical
inhibitors associated with benefits of angiogenesis
undetermined clinical benefit in inhibitors
paraganglioma
VEGFR2 Low Potential lack of clinical benefits of
VEGFR2 inhibitors
EGFR Negative Potential lack of clinical benefits of Negative Potential lack of clinical

EGFR inhibitors benefits of EGFR inhibitors

categories: associated with “Potential clinical benefit,” “Lack of
potential clinical benefit,” and “Unknown.” In both cases, the
methylation of the MGMT promoter was revealed as the main
target for personalized treatment (Table 2).

Case Reports
Patient 1

In January 2017, a 63-year-old man with a history of SDHB
(c.637dupA)-related mPGL presented to the National
Institutes of Health. In November 2012, he presented with a
5-year history of profuse sweating at night, hypertension, and

diffuse abdominal pain.Imaging studies revealeda 7.5 cm x5 cm
paraaortic mass, which was resected and was confirmed to be
PGL. Immunohistochemistry demonstrated positivity for
chromogranin (CgA), synaptophysin, S-100, and Ki-67 index
of 20%. After a disease-free survival period of 2years, the
patient developed severe cervical pain and was found to have
multifocal bone lesions on ¥F-fluorodeoxyglucose positron
emission tomography/computed tomography (**F-FDG PET/
CT). First-line systemic treatment with sunitinib 25 mg daily
was initiated, increasing the dose to 37.5mg after 1week.
Treatment was continued for 62 days with poor tolerability and
progression of the disease. Thus, during the treatment, the
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Figure 1. This image demonstrates the metabolic changes observed on the '8F-FDG PET/CT at baseline (prior to initiating MS with TMZ in September
2015), restaging studies performed after 5 cycles, in May 2016, and 15 cycles, in March 2017, of the chemotherapy regimen consisting of MS with TMZ
and high-dose lanreotide. In September 2015, maximum standardized uptake value (SUV,,,,) normalized to lean body mass (SUL,,,,) of the most active
lesion (marked in orange) was 23.12. In May 2016, a PMR was noted (SUL,,,,) of the target lesion=12.49, which is 45.9% reduction). In March and
September 2017, there was stabilization of the PMR and no new lesions were detected on either of the studies. 8F-FDG PET/CT: '8F-fluorodeoxyglucose
positron emission tomography/computed tomography; PMR: partial metabolic response; TMZ: temozolomide.

patient developed profuse sweating due to worsening hyper-
tension, severe bone pain, and myalgia with increased analgesic
requirement, asthenia grade 2, and lost 441lbs with Eastern
Cooperative Oncology Group performance status (ECOG
PS) of 4. Restaging studies in January 2015, after 69days of
treatment, showed progression of metabolic disease (PMD)
based on positron emission tomography response criteria in
solid tumors (PERCIST) 1.0 criteria. Hypertension and pain
and control were achieved with a combination of olmesartan
20mg and hydrochlorothiazide 12.5mg daily and high-dose
transdermal fentanyl patches (200 pg every 3 days), reaching an
ECOG PS of 2.

In February 2015, the patient started second-line systemic
treatment with a combination regimen of extended-release
lanreotide (Somatuline Autogel) at a dose of 120mg every
14 days, zoledronic acid 4 mg every 28 days, and SS chemother-
apy with CVD (cyclophosphamide 750 mg/m?, vincristine
1.4mg/m?, and dacarbazine 600mg/m? on day 1 and dacar-
bazine 600 mg/m? on day 2) every 21 days. Although a partial
metabolic response (PMR) was noted after 4 cycles, the '$F-
FDG PET CT after 6 cycles showed PMD with clinical wors-
ening (ECOG PS 3). The CVD chemotherapy was
discontinued, and the patient remained on the same doses of
lanreotide and zoledronic acid.

In December 2015, genomic profiling of the tumor tissue
revealed methylation of the MGMT promoter. Based on this
epigenetic silencing pattern, MS TMZ was added to lanreotide
and zoledronic acid at a dose of 75 mg/m?/d with a schedule of
3weeks on treatment followed by 1week off treatment (21/28-
day regimen).2® After 17 cycles, treatment was discontinued in
February 2017 due to grade 3 lymphopenia according to
Common Terminology Criteria for Adverse Events v3.0
(CTCAE) and restarted after 2weeks, in March 2017, at the

same dose but with prolongation of the courses to 5weeks

(3weeks on treatment followed by 2weeks off treatment).?
Currently, the patient remains under treatment after 27 cycles.
The treatment regimen was being well tolerated with improve-
ment in ECOG PS 0-1 with significant improvement in pain
control as noted by progressive strength reductions in fentanyl
analgesia. In June 2016, the patient achieved complete control
pain without analgesia. Continuous daily TMZ can cause lym-
phopenia, potentially increasing the risk of opportunistic infec-
tions. Expected hematological toxicity with grade 1-2 lymphopenia
from the fourth cycle of therapy onward required addition of oral
prophylactic 'TMP/SMX  (trimethoprim/sulfamethoxazole) to
prevent Preumocystis carinii pneumonia.3® Patient’s blood pressure
and heart rate remain in the normal range without need for anti-
hypertensive medications. Biochemical response was noted after
14 cycles, evaluated with both CgA and urinary normetanephrine
(NMN) levels, at 47% and 63% from bascline, respectively.
Restaging ®F-FDG PET CTs performed in May 2016, after 5
cycles, and in March 2017, after 15 cycles, demonstrated a PMR
and a stabilized PMR, respectively (Figure 1). On his latest
BEDG-PET/CT of September 2017 after 22 cycles, the patient
continued to demonstrate prolonged stabilized PMR and cur-
rently he continues under 28™ course of treatment (Figure 1).

Patient 2

In May 2016, a 49-year-old woman with an SDHB (del ex
6-8)-related mPGL presented to the National Institutes of
Health. She was originally diagnosed at age 46, when she
reported a 3-month history of debilitating hip pain, flushing
profuse sweating as well as a 3-year history of palpitations,
hypertension, and progressive deterioration of ECOG to status
3. The patient endorsed a family history of neck PGL, 8F-
FDG PET CT showed a 6.8cmx 7.5 cmx 8.5 cm hypermeta-
bolic mass subjacent to the area of the third portion of the
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duodenum and multifocal lytic bone lesions. Biochemical test-
ing showed elevated urinary norepinephrine, as well as plasma
NMN and CgA levels, with a high degree of suspicion for a
diagnosis of mPGL. Systemic treatment with CVD was prior-
itized and commenced chemotherapy in May 2013. An ini-
tially deferred biopsy of a right iliac bone lesion performed
after 2 courses confirmed the diagnosis of mPGL. Restaging
following 3 cycles of therapy showed no evidence of clinical
response, with stable disease based on response evaluation cri-
teria in solid tumors (RECIST) 1.1 and PMR based on
PERCIST 1.0 criteria.

Following a fifth course of therapy, the patient underwent
somatostatin ~ receptor  scintigraphy  evaluation  with
M]n-pentetreotide ([MIn-DTPA%]-octreo-tide), which dem-
onstrated a positive uptake. Based on this finding, extended-
release lanreotide (Somatuline Autogel) at a dose of 120 mg
was administered alongside 6 cycles of CVD chemotherapy,
starting September 2013. This regimen was discontinued in
February 2014 (after 4 cycles of CVD monotherapy and 4
cycles of combination therapy) due to worsening symptoms
and biochemical markers; lanreotide dosing intervals were
shortened fortnightly to 2 weeks. Following 6 cycles of lanreo-
tide monotherapy, the patient demonstrated a pronounced
clinical response, with improvement in self-care activities and
symptoms to ECOG PS 0, and a biochemical response with
normalization of plasma CgA levels. Restaging F-FDG PET
CT in May 2014 revealed a PMR based on PERCIST 1.0
criteria. A maximal cytoreductive debulking surgery with com-
plete resection of the primary retroperitoneal PGL was per-
formed in October 2014. Lanreotide was continued at the
same dose until July 2015.

A year and half later, in May 2015, the patient presented
with symptomatic progression of a painful soft tissue mass
located at the level of T9-T10 vertebrae, which was treated
with external beam radiation (30¢Gy daily for 10days, total
dose of 300Gy). At the same time, a 6.5-cm femoral lesion,
extending into the diaphysis and with noted endosteal resorp-
tion, was identified consistent with disease progression. Second
line of SS chemotherapy following Strosberg et al (capecit-
abine 750 mg/m? twice a day, on days 1-14 and TMZ 200 mg/
m? daily, on days 1-5 in 28-day cycles)’” and monthly deno-
sumab 120 mg, was initiated. Lanreotide was continued at the
same dose. However, in July 2015, patient underwent thermoa-
blation and cementoplasty to stabilize the femur that was com-
plicated by a fourth-degree skin burn with full thickness
ulceration. As a result, chemotherapy was discontinued due to
the associated risk of infection. During this period, the patient’s
biochemical markers continued to worsen. In addition, genetic
and molecular profiling of the tumor tissue revealed methyla-
tion of the MGMT promoter. Following consideration of the
NGS findings, in September 2015, the chemotherapy regimen
was rotated to MS TMZ 75mg/m? (21/28-day regimen),?
denosumab 120 mg, and lanreotide 120 mg every 14 days with
excellent tolerability.

Following 6 courses of treatment, the patient achieved a
complete biochemical response with normalization of CgA
levels. Restaging F-FDG PET CT after 4 cycles demon-
strated PMR of >40% in target metastatic bone lesions. The
patient did not develop any adverse effects apart from grade 2
lymphopenia, which was managed with prophylactic antibiot-
ics. BF-FDG PET CT in October 2016 demonstrated a dis-
sociated metabolic response and no new lesions were detected
(Figure 2). Despite this, the regimen was continued due to lim-
ited available treatment options while other therapies were
being considered. Patient completed 17 cycles of this chemo-
therapy regimen in March 2017. ®F-FDG PET CT in March
2017 revealed PMD and this treatment regimen was discon-
tinued (Figure 2). The patient was started on peptide receptor
radionuclide therapy with Lutetium-177 (¥77Lu)-DOTAO-
Tyr3-octreotate (DOTATATE) in April 2017.

Discussion
Temozolomide is a DNA alkylating agent, which primarily
exerts its cytotoxic effect by causing methylation of the O°
position of guanine, resulting in DNA adduction. These DNA
adducts represent 9% of the total DNA methylation events
caused by TMZ,%4 inducing DNA mismatch repair. The
resulting double-strand breaks ultimately drive the cell to
undergo apoptosis.**> The only cellular mechanism capable of
repairing these adducts is the MGMT enzyme, which is irre-
versibly inactivated in this process, such that new MGMT pro-
tein synthesis is required.*>* The cellular levels of MGMT
affect the cytotoxicity of TMZ and play an important role in
response to this chemotherapy agent. MGMT expression in
tumor cells is regulated by epigenetic silencing of the gene, via
hypermethylation of its promoter region. Both succinate® and
D-2-hydroxyglutarate*® are considered oncometabolites.
Increased levels of succinate or p-2-hydroxyglutarate derive in
epigenetic remodeling.*” As a consequence, the hypermethyla-
tor phenotypes of SDH-related PGL and IDH-related glio-
(GBM)*  result in

hypermethylation of the promoter of the MGMT gene is fre-

blastoma overlapping. In both,
quently observed. However, MGMT is also depleted in normal
cells, particularly hematopoietic stem cells, resulting in hema-
tologic toxicity. Thus, the therapeutic window is largest in
tumor cells with hypermethylated MGMT promoter, which
effectively silences the gene.*®* The benefit of MGMT gene
silencing in patients with glioma undergoing chemotherapy
with TMZ is well elucidated.2

Efforts to deplete MGMT activity to increase the cytotoxic
potential of alkylating agents led to exploration of metronomic
TMZ schedules in patients with glioma%>! with the goal of
improving antitumor activity and overcoming resistance.’?">
Several regimens consisting of MS TMZ in both newly diag-
nosed and recurrent gliomas as well as in melanoma have been
investigated.>>¢ In patients with GBM, retreatment with MS
was shown to be safe and active at various doses including the
7/14-day regimen,’! the 21/28-day regimen,?® and the daily
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Figure 2. This image demonstrates the metabolic changes observed on the '8F-FDG PET CT 1month after initiating TMZ in September 2015, restaging
studies performed after 4 cycles, in January 2016, after 13 cycles, in October 2016, and after 17 cycles, in March 2017, of the chemotherapy regimen
consisting of MS TMZ, denosumab, and high-dose lanreotide. In October 2015, maximum standardized uptake values (SUV,,,,) of the most active lesions
located at the right iliac crest and the left third rib (marked in red) were 16.0 and 13.6, respectively. In January 2016, a PMR was noted of the right iliac
crest lesion and of the left third rib lesion (SUV,,,, of 9.2 and of 7.9), showing a 42.5% and 41.9% of SUV,,,, reduction, respectively. In October 2016, there
was a dissociated metabolic response. While the SUV,,, of the right iliac lesion increased to 21.62, the SUV,,, of the left third rib lesion decreased by
19.8% to 6.33. No new lesions were noted in either restaging studies. New lesions and increased metabolic activity were noted in the '®F-FDG PET CT
performed in March 2017, indicating PMD. '8F-FDG PET/CT indicates '8F-fluorodeoxyglucose positron emission tomography/computed tomography; PMD,
progressive metabolic disease; PMR, partial metabolic response; TMZ, temozolomide.

TMZ at 50 mg/m?/d.>® Among these, Brandes et al?® were the
first to try to show correlation between MGMT promoter
methylation status and treatment outcome. Unexpectedly, no
significant difference was found between MGMT' promoter
methylation status and median progression-free survival (PFS)
outcomes at 6months in this trial (15.6weeks and 20% for
MGMT promoter methylation and unmethylation vs 11.9 weeks
and 21.49%, respectively). In addition, the authors suggested that
MGMT depletion achieved with extended TMZ increased the
sensitivity of the unmethylated tumor. Subsequently, Wick
et al’? obtained similar results and speculated that the negative
findings were due to the effect of MS TMZ in the tumor micro-
environment rather than the cytotoxic effect of TMZ. More
recently, MS TMZ schedules showed also to improve survival
in newly diagnosed GBMs® were, again, no additional benefit
has been observed in patients with methylated MGMT.
However, these observations were based on a small number of
patients?® and there were no functional investigations conducted
in any of these 3 studies.

The increase in MS TMZ efficacy has been effectively clar-
ified in other reports and can be explained by the activation of
several mechanisms. These would include the inhibition of
angiogenesis,”” MGMT activity depletion,’® or downregula-
tion of nuclear factor kB (NF-«xB)/p65 binding activity in epi-
dermal growth factor receptor (EGFR)-overexpressing GBMs,
independently of MGMT methylation status.”® This mecha-
nism is even more evident in GBMs with phosphatase and ten-
sin homolog (PTEN) loss® as PTEN represents a major
inhibitor of the EGFR/phosphoinositide 3-kinase/protein
kinase B (EGFR/PI3K/Akt) pathway.

Regarding MS efficacy in mPHEO/PGL, one prior publi-

cation reported 2 patients who responded to metronomic doses

of cyclophosphamide.®® Of these, only 1 patient was screened
and was found positive for a germline VAL mutation, although
no additional translational information was reported.®®

To our knowledge, these are the first case reports showing
the efficacy of metronomic TMZ in patients with mPGL who
have been previously pretreated with SS dacarbazine-based
chemotherapy and had progressed on it. Both patients responded
well to therapy, with notable increases in PFS for both patients.
In addition to the clinical benefit with complete resolution of
symptoms, a continuous metabolic response after at least
12 months of treatment was noted. One patient remains under
treatment with a 4 times durable response compared with previ-
ous conventional CVD. Whether the concomitant high doses
of lanreotide played a synergistic role remains unclear. The
combination proved to be safe and no adverse effects attributed
to the addition of the second agent were noted. In our opinion,
this regimen has promising activity and offers a judicious pos-
sibility of retreatment with TMZ in patients progressing on
CVD chemotherapy or conventional TMZ.

This report highlights the efficacy of this regimen, even in
patients with poor performance status, and opens new treat-
ment scenarios for patients with mPHEO/PGL. Whether
patients without MGMT methylation could also benefit from
metronomic TMZ remains unelucidated and should be evalu-
ated considering the results for patients with GBM. Therefore,
we think that metronomic TMZ should be explored in MGMT
promoter—unmethylated patients in prospective studies with
patients stratified according to methylation status.

As mentioned above, MS TMZ efficacy relies also in the
inhibition of angiogenesis®’ and the downregulation of
NF-xB/p65 binding activity in EGFR-overexpressing
GBMs independently of MGMT methylation status.>® It is
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worthy to say that in our 2 patients, EGFR expression was
negative (Figure 1). However, if patients with unmethylated
MGMT mPHEO/PGL could present with EGFR-
overexpressing tumors and could respond to MS TMZ
remains something worthy to explore.

Metronomic treatment has some advantages over other sal-
vage chemotherapies for progressive mPHEO/PGL as it offers
better compliance than other intravenous treatments. In addi-
tion, treatment-related toxicities in our report were only related
to manageable lymphopenia.

Conclusions

Few cases of mPHEO/PGL treated with MS have been
described so far. This report suggests that a modification in the
scheme of TMZ to MS is feasible and safe in patients with
mPHEO/PGL refractory to conventional regimens with
intravenous dacarbazine or oral TMZ.

We postulate that MS TMZ should be considered as a sec-
ond-line regimen in patients with methylated MGMT
mPHEO/PGL at the T'TP to standard CVD chemotherapy or
conventional TMZ, schedules.

Whether patients without AMGMT methylation could also
benefit from metronomic TMZ remains unclear and should be
explored in well-designed clinical trials.
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