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Lessons Learned

« This study is a rare example of effective doses of both targeted agents being both administered and tolerated.
¢ This combination should not be used in melanoma.

Author Summary: Abstract and Brief Discussion

Background

Sorafenib and bortezomib affect BCL family member expression. We previously demonstrated that bortezomib augmented
sorafenib-mediated cytotoxicity in melanomacell lines in vitro. We aimed to combine sorafenib 400 mg b.i.d. with increasing
doses of weekly bortezomib.

Methods

Patients with metastatic melanoma were enrolled in dose-escalation cohorts to determine the maximum tolerated dose
(MTD) of sorafenib (twice daily) in combination with bortezomib (weekly for 3 of 4 weeks). The MTD was defined as the
highest dose level at which less than 33% of patients exhibited a dose-limiting toxicity (DLT). Efficacy, as measured by
6-month progression-free survival and response rate per RECIST, was documented.

Results
Eleven patients were enrolled at three dose levels. DLTs (fatigue and rash) were seen in two of three patients at the highest
dose level. Five patients were enrolled for sorafenib 400 mg b.i.d. and bortezomib 1.0 mg/m? weekly for 3 of every 4 weeks;
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none had DLTs, and this dose level was defined as the MTD. Of 10 evaluable patients, no responses were seen. Two of 11
patients (18%) remained progression free for longer than 6 months.

Conclusion
The combination of sorafenib and bortezomib is safe but not active in patients with melanoma.

Discussion

The combination of sorafenib and bortezomib had been tested in a phase | trial with the MTD determined to be sorafenib
200 mgb.i.d. and bortezomib 1 mg/m?ondays 1,4, 8,and 11 of a21-day cycle [1]. Although these two agents had been tested
in combination previously, we designed our study to maximize exposure to sorafenib by treating patients with weekly
bortezomib, a regimen that had shown effectiveness in patients with myeloma with a favorable toxicity profile, compared
with days 1, 4, 8, and 11 of a 21-day cycle [1-3]. In this phase | dose-escalation study, we identified sorafenib 400 mg b.i.d.
with weekly bortezomib 1.0 mg/m? for 3 of 4 weeks as the MTD. Although a dose-escalation cohort was planned, given the
lack of clinical activity at or above the MTD (no responses, 1 of 8 with stable disease at 24 weeks) and the increasing
therapeutic options for patients with metastatic melanoma, the study was closed after determination of the MTD.

The standard of care for melanoma has changed dramatically over the past 5 years when this study was conceived, given the
emergence of effective BRAF-targeted therapy and immune checkpoint inhibitors, leading to approval of 6 agents (BRAF
inhibitors vemurafenib and dabrafenib, the MEK inhibitor trametinib, the anti-CTLA4 antibody ipilimumab, and the anti-PD1
antibodies pembrolizumab and nivolumab) by the U.S. Food and Drug Administration since 2011 [4-11]. Still, the majority of
patients diagnosed with metastatic melanoma will die of their disease, and novel therapies and combination regimens are
needed. Dual targeting of growth factor pathways and apoptosis isan approach that is building momentum, and four phase |
clinical trials (NCT02110355, NCT01989585, NCT01897116, NCT02097225) based on compelling preclinical data have been
opened recently. Our study serves as an early example of this type of approach. It is hoped that more potent and specific
growth factorinhibitors—such as selective BRAF and/or MEK inhibitors for BRAF-mutant melanoma or pan-RAF, MEK, or
ERK inhibitors for BRAF wild-type melanoma in combination with agents that target specific cell-survival mechanisms
(BCL-2 family, inhibitor of apoptosis proteins, HDM2, heat shock protein 90, autophagy)—will be an effective therapeutic
strategy.

Trial Information

Disease Melanoma
Stage of disease / treatment Metastatic / Advanced
Prior Therapy More than 2 prior regimens
Type of study - 1 Phase |
Type of study - 2 Other
Primary Endpoint Maximum Tolerated Dose
Secondary Endpoint Efficacy
Investigator’s Analysis Drug Tolerable, Efficacy Indeterminate
Drug 1
Generic/Working name Sorafenib
Trade name Nexivar
Company name Bayer-Onyx
Drug type Small molecule
Drug class Angiogenesis - VEGF
Dose Milligrams (mg) per flat dose
Route Oral (po)

Schedule of Administration Twice Daily



Drug 2
Generic/Working name

Trade name

Company name

Drug type

Drug class

Dose

Route

Schedule of Administration

Dose Escalation Table

Bortezomib

Velcade

Millennium Pharmaceuticals

Small molecule

Proteasome

Milligrams (mg) per square meter (m?)
v

Weekly, 3 weeks on, 1 week off

-1 200 mg b.i.d. 1.0 mg/m” IV days 1, 8, and 15 3
400 mg b.i.d. 1.0 mg/m? IV days 1, 8, and 15 5
400 mg b.i.d. 1.3 mg/m? IV days 1, 8, and 15 3

Patient Characteristics

Number of patients, male

Number of patients, female

Stage

Age

Number of prior systemic therapies
Performance Status

Other
Cancer Types or Histologic Subtypes

Primary Assessment Method

7

4

Stage IV

Median (range): 66 (33—74) years
Median (range): Not Collected

ECOG
() —
o] —
e2—0
e3—0

e Unknown — 0
Not Collected

e Melanoma 11

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

Response assessment OTHER



Number of patients enrolled 11
Number of patients evaluable for toxicity 11
Number of patients evaluated for efficacy 10
Evaluation method Other
Response assessment CR 0
Response assessment PR 0
Response assessment SD n=3
27
Response assessment PD n=7
64
Response assessment OTHER g =1

Adverse Events

Musculoskeletal/Soft Tissue - Pain in extremity 63.64% 27.27% 9.09% 0% 0% 0% 36%

Fatigue (asthenia, lethargy, malaise) 63.64% 27.27% 9.09% 0% 0% 0% 36%
Anorexia 72.73% 27.27% 0% 0% 0% 0% 27%
Cough 81.82% 18.18% 0% 0% 0% 0% 18%
Infection - Tooth infection 90.91% 9.09% 0% 0% 0% 0% 9%
Nausea 63.64% 36.36% 0% 0% 0% 0% 36%
Gastrointestinal - Stomach Pain 72.73% 27.27% 0% 0% 0% 0% 27%
Gastrointestinal - Gastrointestinal pain 90.91% 9.09% 0% 0% 0% 0% 9%
Gastrointestinal - Abdominal pain 81.82% 9.09% 9.09% 0% 0% 0% 18%
Constipation 72.73% 27.27% 0% 0% 0% 0% 27%
Vomiting 72.73% 27.27% 0% 0% 0% 0% 27%
Neurology - Headache 72.73% 18.18% 9.09% 0% 0% 0% 27%
Hypertension 81.82% 0% 9.09% 9.09% 0% 0% 18%
Neurology - Bilateral arm tremor 90.91% 9.09% 0% 0% 0% 0% 9%
Diarrhea 81.82% 9.09% 9.09% 0% 0% 0% 18%
Rash: hand-foot skin reaction 81.82% 9.09% 0% 9.09% 0% 0% 18%
Constitutional Symptoms - Chest Pain 90.91% 9.09% 0% 0% 0% 0% 9%
Neuropathy: motor 90.91% 9.09% 0% 0% 0% 0% 9%
Pruritus/itching 72.73% 27.27% 0% 0% 0% 0% 27%
Phosphate, serum-low (hypophosphatemia) 90.91% 0% 9.09% 0% 0% 0% 9%
Cognitive disturbance 90.91% 0% 9.09% 0% 0% 0% 9%
Heartburn/dyspepsia 90.91% 0% 9.09% 0% 0% 0% 9%
Weight loss 90.91% 9.09% 0% 0% 0% 0% 9%
Urinary frequency/urgency 90.91% 0% 9.09% 0% 0% 0% 9%
Renal/Genitourinary - Hematuria 90.91% 9.09% 0% 0% 0% 0% 9%
ALT, SGPT (serum glutamic pyruvic transaminase) 90.91% 9.09% 0% 0% 0% 0% 9%
Rigors/chills 90.91% 9.09% 0% 0% 0% 0% 9%
Dermatology/Skin - Rash: Maculopapular 90.91% 0% 0% 9.09% 0% 0% 9%
Lymphopenia 90.91% 0% 0% 0% 9.09% 0% 9%
Pain - Back pain 90.91% 9.09% 0% 0% 0% 0% 9%

Taste alteration (dysgeusia) 90.91% 9.09% 0% 0% 0% 0% 9%



Potassium, serum-low (hypokalemia) 90.91% 9.09% 0% 0% 0% 0% 9%

Lipase 81.82% 0% 9.09% 9.09% 0% 0% 18%
Amylase 81.82% 18.18% 0% 0% 0% 0% 18%
Mucositis/stomatitis (functional/symptomatic) 81.82% 18.18% 0% 0% 0% 0% 18%
Cough 90.91% 9.09% 0% 0% 0% 0% 9%
Dry skin 90.91% 9.09% 0% 0% 0% 0% 9%
Secondary Malignancy - possibly related 90.91% 0% 0% 9.09% 0% 0% 9%
to cancer treatment (Specify, )

Fever (in the absence of neutropenia, where 90.91% 9.09% 0% 0% 0% 0% 9%
neutropenia is defined as ANC <1.0 X 10°/L)

Bruising (in absence of Grade 3 or 4 90.91% 9.09% 0% 0% 0% 0% 9%
thrombocytopenia)

Tremor 90.91% 9.09% 0% 0% 0% 0% 9%
Musculoskeletal/Soft Tissue - Arthralgia 90.91% 9.09% 0% 0% 0% 0% 9%
Dyspnea (shortness of breath) 90.91% 9.09% 0% 0% 0% 0% 9%
Hemorrhage/Bleeding - Epistaxis 90.91% 9.09% 0% 0% 0% 0% 9%

*No Change from Baseline/No Adverse Event

Dose Limiting Toxicities

Number Number witha Dose Limiting

Dose DoseofDrug: Dose of Drug: Number Evaluablefor Dose Limiting  Toxicity
Level Sorafenib Bortezomib Enrolled Toxicity Toxicity Information
-1 200 mg b.i.d. 1.0mg/m*IVdays1,8, 3 3 0

and 15
1 400 mg b.i.d. 1.0mg/m’*IVdays1,8, 5 5 0

and 15
2 400 mg b.i.d. 1.3mg/m*IVdays1,8, 3 3 2

and 15

Assessment, Analysis, and Discussion

Completion Study completed
Investigator’s Assessment Drug Tolerable, Efficacy Indeterminate
Discussion

The standard of care for metastatic melanoma has changed dramatically from 6 years ago when this study was conceived. With
the emergence of effective BRAF-targeted therapy in patients with BRAF-mutant melanoma and immune checkpointinhibitors
for patients with metastatic melanoma agnostic of molecular subtyping, five agents have received approval (BRAF inhibitors
vemurafenib and dabrafenib, the MEK inhibitor trametinib, the anti-CTLA4 antibody ipilimumab, and the anti-PD1 antibody
pembrolizumab) by the U.S. Food and Drug Administration since 2011 [4—-11]. Still, the majority of patients diagnosed with
metastatic melanoma will die of their disease, and novel therapies and combination regimens are needed. Dual targeting of
growth factor pathways and apoptosisis anapproach that s buildingmomentum, and four phase I clinical trials (NCT02110355,
NCT01989585, NCT01897116, NCT02097225) based on compelling preclinical data have been opened recently.

Our study serves as an early example of this type of approach. In preclinical testing, we and othersidentified that bortezomib
enhanced sorafenib-mediated toxicity in a variety of cell lines [12, 13]. Given these data, a dose-escalation trial of sorafenib
and bortezomib was opened and identified sorafenib 200 mg orally twice daily with bortezomib 1.0 mg/m? on days 1, 4, 8,
and 11 of a 21-day cycle as the recommended phase Il dose [1]. Given the lack of effective therapies for melanoma at the
time, our preclinical data, and the fact that sorafenib 400 mg b.i.d. was being evaluated in combination with chemotherapy
at the time in patients with previously untreated melanoma, we designed a melanoma-specific phase | trial to identify
a maximally tolerated dose (MTD) of bortezomib in combination with sorafenib 400 mg orally b.i.d. Because weekly
bortezomib had been shown to be reasonably effective with a favorable toxicity profile compared with days 1, 4, 8, and 11 of
a 21-day cycle, we elected to use escalating doses of weekly bortezomib [2, 3].



In this phase | dose-escalation study, we identified sorafenib 400 mg b.i.d. with weekly bortezomib 1.0 mg/m? for 3 of
4 weeks asthe MTD. Specifically, 11 patients were enrolled at three dose levels (Table 1), and dose-limiting toxicities (fatigue
and rash) were seen in 2 of 3 patients at the highest dose level (sorafenib 400 mg b.i.d. and bortezomib 1.3 mg/m?on days 1,
8, and 15) (Table 2). Five patients were enrolled to sorafenib 400 b.i.d. and bortezomib 1.0 mg/m2 weekly, and none had
DLTs; this dose level was defined as the MTD. Of 10 evaluable patients, no responses were seen; however, 2 of 11 patients
(18%) remained progression free for longer than 6 months. Furthermore, no unexpected toxicities arose because all
documented adverse effects had been seen previously with sorafenib and/or bortezomib.

Although a dose-expansion cohort was planned, given the lack of clinical activity at or above the MTD (no responses, 1 of 8
patents with stable disease at 24 weeks) and the increasing therapeutic options for patients with metastatic melanoma, the
study was closed after determination of the MTD. Still, this protocol represents the type of trials that are critical in the
targeted therapy era: a plausibly effective combination of novel agents targeting different nodes of cancer signaling. It is
hoped that more potent and specific growth factor inhibitors—such as selective BRAF and/or MEK inhibitors for BRAF-
mutant melanoma or pan-RAF, MEK, or ERK inhibitors for BRAF wild-type melanoma, in combination with agents that target
specific cell survival mechanisms (BCL-2 family, inhibitor of apoptosis proteins, HDM2, heat shock protein 90, autophagy)—
will prove to be a more effective therapeutic strategy.
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Table 1. Adverse effects of sorafenib plus bortezomib
All grades, Grades 3 and 4,

Adverse event n (%) n (%)
Fatigue 6 (55) 1(9)
Anorexia 3(27) 0
Weight loss 3(27) 0
Mucositis 3(27) 0
Sore throat 2 (18) 0
Chills 2 (18) 0
Hypertension 3(27) 1(9)
Arthralgia 2 (18) 0
Peripheral neuropathy 2 (18) 0
Nausea 7 (64) 0
Vomiting 3(27) 0
Abdominal pain 4 (36) 1(9)
Constipation 4 (36) 0
Diarrhea 2 (18) 0
Pancreatitis 2 (18) 0
AST elevation 2 (18) 0
Rash, maculopapular 3(27) 1(9)
Pruritis 4 (36) 0
Palmar-plantar 3(27) 1(9)
erythrodysesthesia

Dry skin 2 (18) 0

Toxicities seen in >10% of patients are listed, categorized by all grades and
by grades 3 and 4 according to the Common Terminology Criteria for
Adverse Events version 4.0.

Table 2. Clinical efficacy of the combination of sorafenib
plus bortezomib

Outcome Number

Best response

Partial response

Complete response

Stable disease

Progressive disease

Not evaluable for response
Median number of cycles

N D P N WO O

6-month progression-free survival

Click here to access other published clinical trials.
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