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Abstract

Background: Preclinical models suggest synergy between anti-angiogenesis therapy, mammalian target of rapamycin (mTOR), and histone
deacetylase inhibitors to promote anticancer activity.

Methods: This phase | study enrolled 47 patients between April 2012 and 2018 and determined safety, maximum tolerated dose (MTD), and
dose-limiting toxicities (DLTs) when combining bevacizumab, temsirolimus, and valproic acid in patients with advanced cancer.

Results: Median age of enrolled patients was 56 years. Patients were heavily pretreated with a median of 4 lines of prior therapy. Forty-five
patients (95.7%) experienced one or more treatment-related adverse events (TRAEs). Grade 3 TRAEs were lymphopenia (14.9%), thrombo-
cytopenia (8.5%), and mucositis (6.4%). Grade 4 TRAEs included lymphopenia (2.1%) and CNS cerebrovascular ischemia (2.1%). Six patients
developed DLTs across 10 dose levels with grade 3 infection, rash, mucositis, bowel perforation, elevated lipase, and grade 4 cerebrovascular
ischemia. The MTD was dose level 9 (bevacizumab 5 mg/kg days 1 and 15 intravenously (IV) plus temsirolimus 25 mg days 1, 8, 15, and 22 IV
and valproic acid 5 mg/kg on days 1-7 and 15-21 per orally (PO)). Objective response rate (ORR) was 7.9% with confirmed partial response (PRs)
in 3 patients (one each in parotid gland, ovarian, and vaginal cancers). Stable disease (SD) >+6 months was seen in 5 patients (13.1%). Clinical
benefit state (CBR: PR + SD >+6 months) was 21%.

Conclusion: Combination therapy with bevacizumab, temsirolimus, and valproic acid was feasible, but there were numerous toxicities, which
will require careful management for future clinical development (ClinicalTrials.gov Identifier: NCT01552434).
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Lessons Learned

e This trial highlights the importance of understanding the biological rationale with resistance to anticancer therapies and designing a
trial where 3 well-known pathways promoting oncogenesis and resistance via VEGE mTOR, and histone deacetylase was successfully
implemented with astute therapy selection, dose escalation scheme, and manageable toxicities without overt overlap.

e QObjective responses were seen in high grade mucoepidermoid carcinoma of parotid, endometrioid ovarian carcinoma, and vaginal
squamous cell carcinoma. Durable stable responses >6 months were seen in uveal melanoma, breast cancer, leiomyosarcoma, clear
cell carcinoma of the kidney, and metastatic thymoma.

e Prospective studies to elucidate this subset of patients with translational or biomarkerbased studies are vital to harness the potential
of this combination with bevacizumab and temsirolimus and valproic acid.

Discussion of toxicity. Treatment-related adverse events were seen in
45/47 (95.7%) of patients with 26/47 (55%) patients having
grade 3/4 TRAEs. The maximum tolerated dose (MTD) was
determined to be dose level 9 which was bevacizumab (5 mg/
kg IV once every 14 days), temsirolimus (25 mg IV weekly),

This is the first study to evaluate the combination of beva-
cizumab, temsirolimus, and valproic acid in patients with
advanced malignancies. This combination demonstrated mod-
est efficacy among various solid tumors, but at the expense
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and valproic acid (5 mg/kg PO every other week). Except for
temsirolimus, the other two drugs in this combination ther-
apy were dosed well below their label indication including
bevacizumab at 50% and valproic acid at 17% of the FDA
approved doses (Table 1).

In our study, objective responses were observed in three
patients. The first patient had high-grade mucoepidermoid
carcinoma of parotid with no actionable mutations and
had confirmed PR (-62%) after 2 cycles of treatment with
a 2.5-month duration of response. The second patient had
endometrioid ovarian carcinoma with no actionable muta-
tions and achieved confirmed PR (-50%) with a duration
of response of 17 months. The third patient who achieved
confirmed PR (-35%), had P16 positive vaginal squamous
cell carcinoma with 8-month duration of response. In terms
of prolonged stable disease (=6 months), one patient with
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uveal melanoma with no actionable mutations had SD for
9 months. Another patient with PIK3CA and KRAS aber-
rated, hormone receptor positive (HR+), human epidermal
growth factor receptor-2 (HER-2) negative breast cancer had
stable disease for 11 months. A patient with PTEN and TP53
aberrated metastatic leiomyosarcoma had SD for 7 months
while another patient with PTEN aberrated metastatic clear
cell carcinoma of the kidney had SD for 8 months. The last
patient had APC and NF1 aberrated metastatic thymoma
had SD for 8 months.

In conclusion, the combination of bevacizumab, tem-
sirolimus, and valproic acid showed modest clinical effi-
cacy across an array of advanced sold tumors; however,
numerous toxicities were reported, which would require
careful monitoring and management during future clinical
development.

Table 1. Dose-escalation schedule for bevacizumab/temsirolimus and valproic acid.

Dose level Dose and schedule (28-day cycle)
Temsirolimus” Bevacizumab Valproic acid

Level -1 5 mg days 1, 8,15, and 22 2.5 mg/kg day 1 and 15 5 mg/kg rounded to nearest 250 mg daily on days 1-7 and 15-21
Level 0 5 mg days 1, 8,15, and 22 5 mg/kg day 1 and 15 5 mg/kg rounded to nearest 250 mg daily on days 1-7 and 15-21
Level 1 5 mg days 1, 8,15, and 22 10 mg/kg day 1 and 15 5 mg/kg rounded to nearest 250 mg daily on days 1-7 and 15-21
Level 2 12.5 mg days 1, 8, 15, and 22 2.5 mg/kg day 1 and 15 5 mg/kg rounded to nearest 250mg daily on days 1-7 and 15-21
Level 3 12.5 mg days 1, 8,15, and 22 7.5 mg/kg day 1 and 15 10 mg/kg rounded to nearest 250 mg daily on days 1-7 and 15-21
Level 4 12.5 mg days 1, 8, 15, and 22 10 mg/kg day 1 and 15 10 mg/kg rounded to nearest 250 mg daily on days 1-7 and 15-21
Level 5 20 mg days 1, 8, 15, and 22 2.5 mg/kg day 1 and 15 5 mg/kg rounded to nearest 250 mg daily on days 1-7 and 15-21
Level 6 20 mg days 1, 8,15, and 22 7.5 mg/kg day 1 and 15 10 mg/kg rounded to nearest 250 mg daily on days 1-7 and 15-21
Level 7 20 mg days 1, 8, 15, and 22 10 mg/kg day 1 and 15 10 mg/kg rounded to nearest 250 mg daily on days 1-7 and 15-21
Level 8 25 mg days 1, 8,15, and 22 2.5 mg/kg day 1 and 15 5 mg/kg rounded to nearest 250 mg daily on days 1-7 and 15-21
Level 9 25 mg days 1, 8,15, and 22 5 mg/kg day 1 and 15 5 mg/kg rounded to nearest 250 mg daily on days 1-7 and 15-21
Level 10 25 mg days 1, 8,15, and 22 10 mg/kg day 1 and 15 10 mg/kg rounded to nearest 250 mg daily on days 1-7 and 15-21

Author disclosures and references available online.
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TRiAL INFORMATION

Disease

Stage of disease/treatment
Prior therapy

Type of study Phase I

Primary endpoint

All solid tumors
Metastatic/advanced
Allowed/no limit

safety and tolerability and to determine the maximum tolerated dose (MTD) of the

combinational treatment of bevacizumab, and temsirolimus with valproic acid

Secondary endpoints

Investigator’s analysis

Additional Details of Endpoints or Study
Design

This was a phase I open-label, dose-escalation study that
enrolled adult patients with advanced malignancies and
was conducted between April 2012 and April 2018. The
primary endpoint of this study was to access safety and tol-
erability and to determine the MTD of the combinational
treatment of bevacizumab, and temsirolimus with valproic
acid.

Patients were recruited and treated at the University of
Texas, MD Anderson Cancer Center (MDACC). The study
was approved by the Institutional Review Board (IRB) in
accordance with the Declaration of Helsinki, Good Clinical
Practice, and all federal, state and local regulatory guidelines.
Consent was obtained from all patients prior to study enroll-
ment. Each cycle was 28 days. Bevacizumab was administered
at 2.5, 5, 7.5, or 10 mg/kg by IV infusion on days 1 and 15.
Temsirolimus was given at 5, 12.5, 20, or 25 mg by IV infu-
sion on days 1, 8, 15, and 22. Valproic acid was administered
PO daily at a dose of either 5 mg/kg or 10 mg/kg rounded
to nearest 250 mg on days 1-7 and 15-21. Re-staging scans
were performed every 8 weeks to evaluate patient responses.
During the study period, no other investigational, commercial
agents or therapies were allowed with the intent to treat the
patient’s malignancy.

This protocol utilized a standard 3 + 3 dose escalation
design.! Ten dose levels were explored between bevacizumab
(IV) 10 mg/kg Q2W + temsirolimus (IV) 5 mg QW + valproic
acid (PO) 5 mg/kg (days 1-7 and 15-21 of a 28-day cycle)
and bevacizumab (IV) 10 mg/kg Q2W + temsirolimus 25 mg
IV QW + valproic acid (PO) 10 mg/kg IV QD (days 1-7 and
15-21 of a 28-day cycle). Initially, three patients were enrolled
to one dose cohort and were evaluated for toxicity. If one of
these three patients experienced a dose-limiting toxicity (DLT)
during the first cycle, three additional patients were enrolled
and treated at the same cohort. If, at any time, more than
33% of patients in that cohort experienced DLT, the cohort
was closed, and dose escalation stopped. In this study, adverse
events were evaluated and graded per Common Terminology
Criteria for Adverse Events v3.0 (CTCAE v3.0). A DLT event
was defined as a clinically significant adverse event that
occurred during the first cycle and was possibly, probably, or
definitely related to any of the study medications; including
any grade 3 or 4 non-hematologic toxicity (except nausea
and vomiting responsive to appropriate regimens, correctable
electrolyte imbalances, or alopecia); any grade 4 hemato-
logic toxicity lasting > 14 days despite supportive care; any

Anti-Tumor Efficacy
Level of activity did not meet planned endpoint

grade 4 nausea of vomiting > 4 days despite maximum anti-
nausea regiment; any other grade 3 non-hematologic tox-
icity including symptoms/signs of vascular leak or cytokine
release syndrome; any severe or life-threatening complication
or abnormality not defined in CTCAE v3.0 that was attribut-
able to the therapy.

Key inclusion criteria were, advanced or metastatic can-
cer that was refractory to standard treatment, relapsed after
standard treatment or had no standard treatment available;
Eastern Cooperative Oncology Group (ECOG) performance
< 25 absolute neutrophil count > 1 x 10%/L; platelet count
> 50 x 10%/L; creatinine < 3 x the upper limit of normal
(ULN); total bilirubin < 3.0 mg/dL; aspartate transaminase
(AST) and alanine transaminase (ALT) < 5 x ULN; fasting
level of total cholesterol < 350 mg/dL; triglyceride level <
400 mg/dL. Key exclusion criteria were clinically significant
unexplained bleeding with 28 days prior to study entry;
uncontrolled systemic vascular hypertension (systolic blood
pressure > 140 mmHg, diastolic pressure > 90 mmHg on
medication); clinically significant cardiovascular disease;
history of hypersensitivity to bevacizumab, temsirolimus, or
valproic acid; major surgery within 6 weeks of the study
enrollment; pregnancy. Patients who had prior treatments
with bevacizumab, temsirolimus, and/or valproic acid were
allowed to participate.

Computed tomography or magnetic resonance imag-
ing scans were performed at baseline and every two cycles
(8 weeks) thereafter. Tumor measurements were performed
according to Response Evaluation Criteria In Solid Tumors
(RECIST) v1.0 to evaluate measurable target lesions for
response.? Prolonged stable disease (SD) was defined as last-
ing >+ 6 months.

Genetic  analysis  was  performed to  analyze
phosphatidylinositol-4,5-bisphosphate ~ 3-kinase catalytic
subunit alpha (PIK3CA), phosphatase and tensin homolog
(PTEN), rapidly accelerated fibrosarcoma (RAF), rat sar-
coma virus (RAS), and tumor protein p53 (TPS53) aberra-
tions for patients who had archival tissue samples available.
Deoxyribonucleic acid (DNA) was extracted and purified
from formalin-fixed, paraffin-embedded archival tumor tis-
sue or blood samples. Polymerase chain reaction (PCR)-based
primer extension assay, or next generation sequencing (NGS)-
based analysis were used to screen for genetic mutations and
copy number variations in target genes. All tests were per-
formed in Clinical Laboratory Improvement Amendment
(CLIA)-certified molecular diagnostics laboratories at MD
Anderson Center and Foundation Medicine.



e1280 The Oncologist, 2023, Vol. 28, No. 12

DRruG INFORMATION — DRUG 1

Generic/working name Bevacizumab

Company name Genentech

Drug type Antibody

Drug class Anti-angiogenic; Anti-VEGF-A
Dose S

Unit mg/kg

Route v

Schedule of administration day 1 and 15 every 28 days

DRruG INFORMATION — DRUG 2

Generic/working name Temsirolimus

Company name Wyeth Pharmaceuticals, Inc.

Drug type Small molecular inhibitor

Drug class specific inhibitor of mTOR

Dose S

Unit mg

Route v

Schedule of administration days 1, 8, 15, and 22 every 28 days

Druc INFormATION —DRUG 3

Generic/working name Valproic acid

Company name Various

Drug type organic weak acid

Drug class Anti-epileptic

Dose S

Unit mg/kg

Route PO

Schedule of administration Daily on days 1-7 and 15-21 every 28 days

PATIENT CHARACTERISTICS

Number of patients, male 22
Number of patients, female 25
Stage v
Age: median (range) 56 (21-78) years
Number of prior systemic therapies: median (range) 4 (0-9)
Performance status: ECOG 0:2

1: 43

2:2

3:0

4: 0

CanceRr Types or HistoLoGic SUBTYPES NuMBER

Adrenocortical

Bartholin’s gland adenoid cystic carcinoma
Breast

Cervix

Colorectal

Endometrial

Esophageal

Glioblastoma

Kidney

Lung

Melanoma

e S e T T~ S I NS To ) N WS B SO Y

Salivary gland
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CANCcEeR TypPes oR HisToLoGIC SUBTYPES NumBER

Pituitary carcinoma

Parotid

Ovarian

Sarcoma

Squamous cell carcinoma head and neck
Squamous cell carcinoma of skin
Thymoma

Vaginal

PriMARY AsSESSMENT IMETHOD
Title

Number of patients screened

Number of patients enrolled

Number of patients evaluable for toxicity
Number of patients evaluated for efficacy
Evaluation method

Response assessment, CR

Response assessment, PR

Response assessment, SD

Response assessment, PD

Outcome Notes

Patient Demographic and Clinical Characteristics
Between April 2012 and April 2018, 47 patients with
advanced, metastatic tumors were enrolled onto this study.
Median age for enrolled patients was 56 years (range 21-78)
and the majority were female (53%). The most frequent
tumor types enrolled were Head and Neck Squamous Cell
Carcinoma (HNSCC; 7 patients, 14.9%) and colorectal
(6 patients, 12.8%), followed by breast (4 patients, 8.5%),
glioblastoma (4 patients, 8.5%), and ovarian (4 patients,
8.5%). Patients were heavily pretreated with 28 patients
(59.6%) having received at least four prior lines of therapy.
Five patients (10.6%) had received prior mTOR inhibitors (1
patient received temsirolimus, 2 patients received everolimus,
and 2 patients received MLNO0128. Twenty patients (42.6%)
had received prior bevacizumab therapy, 4 patients had prior
pazopanib exposure, 3 patients had aflibercept previously,
and one patient each had prior regorafenib, sorafenib, and
axitinib therapy. No patients had received prior valproic acid-
based therapies, but 2 patients had treatment with vorinos-
tat and KA-2507 (histone deacetylase, HDAC6 inhibitor),
respectively.

The median number of treatment cycles (cycle = 28 days)
was 2 (range, 1-22). Twenty-one patients (44.7%) received
at least 3 cycles of treatment. All patients have discontinued
the treatment. The primary reasons for discontinuation were
disease progression (22 patients, 46.8%), clinical progression
(11 patients, 23.4%), toxicities (7 patients, 14.8%) death
unrelated to therapy (3 patients, 6.3%), withdrew consent (2
patients; %), lost to follow up (1 patient; 2.3% %), and hold-
ing therapy for quality of life (1 patient; 2.3%).

Toxicity Assessment

Standard 3 + 3 dose-escalation design was followed to enroll
patients in this study up to dose level 10. Table 2 summarizes
numbers of patients treated and DLT events observed in each

= = = 0N L1 A= =

Objective response rate

RECIST 1.0
0 (0%)
3(7.9%)
23 (60%)
12 (31.5%)

dose level. A total of six patients experienced DLTs. At dose
level 2, one patient experienced a G3 elevated lipase. At dose
level 5, one patient experienced G3 mucositis. At dose level 6,
one patient with metastatic SCC of the tongue with no bowel
issues experienced a G3 bowel perforation secondary to ther-
apy. At dose level 10, two out of six patients experienced DLT
events: one patient experienced a G3 infection, and the other
patient experienced multiple adverse events (AEs) resulting in
death (eg, 3 dizziness, G3 neuropathy, G3 weakness, G3 gait
abnormality and G4 cerebrovascular ischemia). Per protocol,
dose escalation was stopped at dose level 10 and 4 additional
patients were enrolled to dose level 9. One of these 4 addi-
tional patients enrolled at dose level 9 experienced one G3
rash DLT event.

Forty-five patients (95.7%) experienced one or more
adverse events that were at least possibly related to the
treatment. Most AEs were grades 1 and 2 and were revers-
ible. Table 3 summarizes treatment-related AEs (TRAEs) at
all dose levels. The most common grades 1 and 2 TRAEs
reported in more than 20% of patients were hypercholes-
terolemia (57.4%), hypertriglyceridemia (53.2%), throm-
bocytopenia (53.2%), hyperglycemia (38.3%), mucositis
(38.3%), anorexia (36.2%), elevated AST (34%), leukopenia
(34%), anemia (31.9), fatigue (29.8%), nausea (29.8%), rash
(29.8%), headache (27.7%), diarrhea (23.4%), and protein-
uria (23.4%). Grade 3 TRAEs included lymphopenia (14.9%,
DL6,7,9,10), thrombocytopenia (8.5%; DL1, 5, 6, 7), muco-
sitis (6.4%, D12, 5, 6), hypophosphatemia (4.3%; DL1 and
10), elevated lipase (4.3%, DL 2 and 6), hypertriglyceridemia
(.3%, DL4 and 9), bowel perforation (4.3%, DL6 and 10),
neutropenia (4.3%, DL6 and 9), anemia (2.1%, DL6), hypo-
kalemia (2.1%, DL8), rash (2.1%, DL9), perirectal abscess
(2.1%s, DL9), pericoronitis (2.1%, DL9), intestinal obstruc-
tion (2.1%, DL10), hyperglycemia (2.1%, DL10), infection
(2.1%, DL10), dizziness (2.1%, DL10), neuropathy (2.1%,
DL10), weakness (2.1%, DL10), and gait abnormality 2.1%,
DL10). Grade 4 treatment-related AEs include lymphopenia
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(2.1%, DLS8), and cerebrovascular ischemia (2.1%, DL10). At
dose level 10, one patient diagnosed with GBM experienced
5 DLT events during the first cycle of therapy (G3 dizziness,
G3 neuropathy, G3 weakness, G3 gait-walking and G4 CNS
cerebrovascular ischemia). She did not finish the first cycle
and was taken off study due to toxicities.

Antitumor Activity

All 47 patients had disease that was measurable per RECIST
v1.0 on baseline scans. However, 9 patients were taken off
the study before completing cycle 2 and did not reach restag-
ing assessment. Three patients developed clinical progression
before reaching the first restaging scans, one patient withdrew
consent, and another was lost to follow up. Four patients
came off secondary to toxicity related to therapy (one patient
each with G2 pneumonitis, G3 bowel micro-perforation, G3
perineal skin and soft tissue infection, and G4 cerebrovas-
cular ischemia and gait abnormality). For the 38 patients
who had at least one post-baseline restaging scan, the best
RECIST response for each patient is depicted in Figure 1. In
this waterfall plot, 7 patients were assigned a value of +21%
for clinical progression or new lesions upon restaging. objec-
tive response rate (ORR) was 7.9% as confirmed partial
response (PR) was observed in 3 patients. Stable disease (SD)
>+ 6 months were observed in 5 patients (13.1%). Clinical
Benefit Rate (CBR: CR+ PR + SD >+ 6 months) was 21%
(8/38). Table 4 provides detailed information of patients with
PR or SD >+ 6 months.

One patient with high grade mucoepidermoid carcinoma
of parotid, treated at dose level 5 achieved PR (-62%). This
patient had a 2.5-month duration of response. A second
patient with endometrioid ovarian carcinoma, treated at dose
level achieved PR (-50%) with a duration of response of 17
months. The third patient who achieved PR (-35%) had P16
positive vaginal squamous cell carcinoma and was treated at
dose level 9. She had a duration of response of 8 months. This
patient had PIK3CA E545K and I391M mutations.

The six patients who had SD >+ 6 months included one with
ocular melanoma treated at dose level 2, one with breast can-
cer treated at dose level 3 who had PIK3CA E452K and KRAS
G12S mutations, one with leiomyosarcoma treated at dose level
6 who had PTEN deletion, and TP53 V147fs*23 mutations,
one with clear cell kidney cancer treated at dose level 9 who
had PTEN I150fs*4 mutation, and one patient with thymoma
treated at dose level 10. Please see Table 4 for additional details.

The Oncologist, 2023, Vol. 28, No. 12

Molecular Analysis and Association with Response

For patients who had archival tissue samples available, genetic
testing was performed to analyze PIK3CA, PTEN, RAF, RAS,
and TP53 mutations. Table 5 is a summary of genetic analysis
of patients tested with detailed molecular aberration, cancer
type, and best response information.

Forty-three patients were tested for PIK3CA aberrations,
and 10 patients were positive (10/43, 23.3%). The most
commonly detected PIK3CA mutations were E545K (3/43,
7%) and 1391M (3/43, 7%). Of the 3 patients detected with
PIK3CA E545K mutation, one with vaginal cancer (#120, also
had PIK3CA 1391M mutation) had PR with 35% decrease
and was treated for a total of 11 cycles. One patient with
esophageal cancer (#111, also had KRAS G12D mutation)
had SD for 6 cycles. One patient with breast cancer (#66,
also had TP53 R196* mutation) was taken off study due to
toxicities after 1 cycle of treatment.

Forty patients were tested for PTEN gene aberrations and
12 patients had molecular alterations (12/40, 30%) of which
PTEN deletion (3/12, 25%) was the predominant alteration.
For 3 patients with PTEN deletion, one patient with HNSCC
(#99) was treated for 3 cycles with stable disease before with-
drawing consent. One leiomyosarcoma patient (#107, also
had TP53 V147fs*23 mutation) had SD for 7 cycles of treat-
ment. Another leiomyosarcoma patient (#124) had SD for 4
cycles of treatment.

KRAS testing was performed on tumor samples from 43
patients, and 9 were positive for a KRAS aberration. The most
commonly detected KRAS mutation was G12V (3/9, 33%)
and G12S (2/9, 22.2%). All three patients with KRAS G12V
mutated tumor had colorectal cancer. One patient (#34) had
SD for 4 cycles of treatment. One patient (#131, also had con-
current PIK3CA 1391M, PTEN S$338fs*6, and TP53 R248Q
mutations) had SD for 4 cycles of treatment. One patient
(#133, also had PTEN splice site 254-2A>G and TP53 1232_
N235del mutations) had clinical progression before finishing
cycle 1 treatment. Of the two patients with KRAS G12S muta-
tion, one breast cancer patient (#50, with concurrent PIK3CA
E542K mutation) had SD > + 6 months. One patient with col-
orectal cancer (#122, also had TP53 R248W mutation) had
clinical progression before finishing cycle 1 treatment. HRAS
mutation was tested in 39 patients and 1 patient was positive
(1/39, 2.6%). NRAS mutation was tested in 41 patients and 2
patients were positive (2/41,4.9%).

AsSesSSMENT, ANALYSIS, AND Discussion

Completion

Investigator’s Assessment

In this study, the most common non-hematologic adverse
events (observed in > 20% of patients) were anorexia, diar-
rhea, elevated AST, fatigue, headache, hypercholesterolemia,
hyperglycemia, hypertriglyceridemia, mucositis, nausea, pro-
teinuria, and cutaneous rash. Hyperglycemia and hyperlip-
idemia have been reported as common adverse events after
temsirolimus treatment, affecting 17-26% and 6-27% treated
patients, respectively.’ In our study, hyperglycemia, hypercho-
lesterolemia and hypertriglyceridemia were noted in 67%,
57% and 53% of patients, respectively. Dermatitis occurs in
47-75% of patients treated with temsirolimus in prior stud-
ies.* We observed dermatitis in 37% of our patients, which is

Study completed
Level of activity did not meet planned endpoint

lower than the reported incidence for single agent temsiroli-
mus. Although, a phase II temsirolimus trial reported fatigue
in 71% of their patients, in our study, fatigue was observed
in only 30% of patients. Mucositis was also observed at a
lower incidence (38%) compared to the 46% incidence rate
reported in a phase 3 trial of single agent temsirolimus in
renal cell carcinoma.’ Proteinuria has been reported to occur
in 32% of patients with ovarian cancer treated with single
agent bevacizumab.? In our study, proteinuria was observed
at a lower rate in our patients at 23% likely secondary to
the lower dose of bevacizumab at 50% of FDA approved
dosing.
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The most common hematologic toxicities were leukopenia
and neutropenia which occurred in 26 (55%) patients how-
ever most of these AEs were of lower grade (G1/G2). Only two
patients had G3/G4 neutropenia which was reversible with
dose hold. We also observed thrombocytopenia, lymphopenia,
and anemia in 25 (53%), 17 (36%) and 16 (34%) patients,
respectively. In another trial examining combination therapy
with temsirolimus, bevacizumab and cetuximab, the incidence
of thrombocytopenia was 24 % which was lower than observed
in our study. This is likely attributable to the addition of val-
proic acid to bevacizumab and temsirolimus as valproic acid
has an incidence of thrombocytopenia between 1%-27%.” No
patients developed thromboembolic complications.

Although there are no clinical data on the combination of
bevacizumab, temsirolimus and valproic acid, preclinical stud-
ies have supported the rationale for combining these drugs.
Brugarulos et al. found that Tuberous Sclerosis Complex-2
(TSC2) tumor suppressor protein regulates VEGF through
mTOR-dependent and independent pathways.® TSC2 loss
leads to increase in HIF-1a and upregulates HIF-responsive
genes like VEGE. The authors were able to demonstrate that
rapamycin homogenized HIF levels in TSC2-/- cells, indi-
cating that TSC2 regulates HIF by inhibiting mTOR. VEGF
overproduction by TSC2-/- cells was suppressed by the HDAC
inhibitor agent, Trichostatin A indicating its anti-VEGF prop-
erties. This study demonstrated that a synergistic interplay and
crosstalk occurred in inactivated TSC2 between rapamycin
and trichostatin regulating the mTOR, HIF, VEGF and HDAC
pathways.® However, it should be noted that there are emerg-
ing studies that demonstrated AKT/mTOR activation in tumor
endothelial cells can contribute to antiangiogenic resistance
by increasing the activity of mitogen-activated protein kinase
(MAPK) and expression of the serine/threonine-protein kinase
PIM-1which counteracts the anti-angiogenic efficacy of mMTOR
inhibitors.”!! Further characterization of the complex interplay
between the AKT/mTOR and VEGF pathway is needed.

Clinically, the safety of bevacizumab and everolimus in
combination has been demonstrated in prior clinical trials
with anti-tumor activity in refractory colorectal cancer, mela-
noma and renal cell carcinoma.'?'* Strickler et al. performed
a phase I study of bevacizumab, everolimus, and panobi-
nostat (LBH-589) in advanced solid tumors where patients
received 10 mg of panobinostat three times weekly, 5 or 10
mg of everolimus daily, and bevacizumab at 10 mg/kg every
2 weeks."S However, the combination regimen did not have
an acceptable safety and tolerability profile with 2 DLTs in
DL1 (Grade 3 oral mucositis; G2 esophagitis) and 2 DLTs in
DL-1 (G2 ventricular arrythmias; G2 refractory skin rash).
Regarding responses seen in this study, one patient (1/9, 11%)
with advanced breast cancer had PR for 2 months. In con-
trast, in our study, we were able to establish an MTD and
objective responses were observed in three patients.
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Figure 1. Waterfall plot depicting best RECIST response by patient. X-axis: individual patient/disease site. Y-axis: the best RECIST response (%). All 47
patients were measurable by RECIST * 7 patients were assigned to a value of +21% for clinical progression or new lesions. 9 patients not included due
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lung cancer.



The Oncologist, 2023, Vol. 28, No. 12

e1286

*A3101x03 Sunduarradxa sjuaned jo Jequnu ‘N :UOBBIAIIGQY
*A3101X03 SUnTWI[-250p

((0°€ATVDLD) 0°€ UOISIOA ‘SIUIAY ISIOAPY 0] BLIIIY) ASO[OUIUID] UOWWOY) UO Paseq paperd ‘wuounear) 01 paiefal A[qissod 1Sea] 18 PaWasp SIUIAD ISIIAPY,

L(T) erwaydsy 18[MoseA0IqaId) SND +O
(1) Supjem-red €5

T) ssowyeap €0

(1) AgredomaN €5

(1) ssourzziq €9

J(T) wonddyur €9

(1) erwadk[310d4AH ¢

(1) uonEIOJId] [9MOY €D

(1) uononnsqQ [eunsau] €0
(1) eruadoydwidy €0

(1) erwareydsoydodA €5

(1) snruorodta €5

(T) $S998qQV [€3021119] €5)

A1) yseyq €9
(1) erwapriaof[8iniadiH ¢o

(1) eruadonmnaN €5
7) eruadoydwidy ¢5
:mEomo:QEij
ﬁ

(
(
(1) erwopexodAH €5
(1) eruadoydwidy €0

(1) eruadoydwid €5
(1) eruadoifooquiory, €0

(1) eruadommaN €9

(1) eruadoifooquiory, €5
(1) osedr pareasq €5

(7) eruadoydwid €5

(1) ssoony €9

(1) uoneioyidg pPmoyg ¢
(1) erwauy €5

(1) E:umoinLEoEH (9]
AT) sBIsoONA €9

(1) erwapradf[8intadiH ¢o

(1) smisoony €9

J(T) asedr] pareadyg €0
(1) eruadoifooquiory, €0
(1) erwareydsoydodA ¢

9T

LT

€/0

€/0

9T

9
€/0
¥/1

9

€/0

Sw (g7 3sa183U 03 papunor y/Sw (]

Sw (g7 3sa1B3U 03 papunor /8w ¢

Sw ()¢ 3s9183U 03 papunoi Iy/[w ¢

Sw (¢ 3sa18dU 03 papunol 3y/3w (]

Sw (g7 3sa183U 03 papunor /3w (]

Sw ()¢ 3s9183U 03 papunoi Iy/[w ¢
Sw (g7 3s9183U 03 papunor /5w (]
Sw (¢ 3s91dU 03 papunol 3y/3w (]

Sw (g7 3sa1EaU 03 papunoi /8w ¢

Sw (g7 3sa1e3U 03 papunor Fy/Sw ¢

Sy/Bu o Swger 9 0T

Sy/Bwr ¢ Swer £ 6
Sy/Bw ¢z Swer ¢ 8
SyBw o Swoz ¢ L
38w g/ Swoz 9 9
Sy/Bw ¢ Swoz 9 S
Sy/Bu o Swerr ¢ 12
ay/Bw g/ Swerr ¥ €
/w67 Swegr 9 4
8y/8ur o1 Swg ¢ T

L(N) Liorxog, p/¢ (D) aperD

patean [e101/3{ 10 sypuow 9Z(S

17-S1 pue ‘£-1 sAep uo proe otoxdjep

ST ‘1 sAep uo A qewnzioeadg

TT ST ‘S ‘T sAep UO A SNWIOIISWI]T, N 049 3so(q

"asuodsel pue '(y/£0) SeIl0IX0} ‘(810A0 Aep-8Z) [8A8| 8s0( ‘g dlqeL



The Oncologist, 2023, Vol. 28, No.

-+
~| 8| oo~ o
~

=
sllQl “o~
—
IS~ o =
S
S I
S S| oo oo
~
v o~
~ o
‘oiqu
=[] = o o«
R
3 s | o oo o
S
QA |~
~RS
aE| =S| oo oo
2 g
w ~
o S| oo oo
Q.
o0
D~
RS
LE|=R| oo aa o
2 |z
S S| o oo o
Al
-
S ™
Q| N
- ~
NEIS| o o~ o
2 |z
3 S| oo = o
L g
S
I IR T P
PIlSE|S| = = = o
E|Q
<
| wn ~
=R sl oo oo
DN =
| S
212N
-~ ~
elﬁsﬁoomm
"
Tl s
>: T
EAR=S S| o oo o
& | —
S~
o~
& | i en
—
D0
- ~
Elqs2|S|oco=o
—‘é,.\
=
El = g
23 S| oo oo
RSN
S
2law
S [ 20|«
-~ ~
S eS| ococma
®| =
gl =+
= | w J
2| o S| oo o o
2| <
E|wv
- M
AN
= B | B PN
‘B AN
E|ldE || oo o«
L
s
= | @~ <+
o ~
53 S| oo o o
— -

. o | >S™

0 2120 N

[ Q RN

@ Al =S| = oo = o

(0]

(%]

o

©

(_D w

& |5

n <

+— b

c &b

Q =

> Gl

“—

o 1S g

had <
-

|5 &

© > =

< 128 £ K

] qé‘;'o [} g .ng

o 0| o = S o E =

o) > | @ | 8 & © O

2 S| o S| & S g ¢

~ <A Ol € <€ < <

Basophilia

1

Bilateral lower extremity edema

Bleeding (vaginal)

Bowel perforation

Chest pain
Cough

0

CNS cerebrovascular ischemia

Confusion

Constipation

Cognitive disturbance
Decreased PT/INR

Dermatitis

11

Diarrhea

0

Diffuse gallbladder wall edema

Dizziness

Dry eye

Dysgeusia

Dyspnea

Dysuria

Edema

Elevated ALT
Elevated ALP

Elevated amylase
Elevated AST

16

Elevated bilirubin
Elevated BUN

Elevated Creatinine
Elevated D-dimer
Elevated LDH
Elevated Lipase
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