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Abstract: Outcomes in multiple myeloma (MM) patients have
improved in recent years owing to the introduction of new
drugs. Among them, proteasome inhibitors and immunomodu-
latory imide drugs have become central in the management of
newly diagnosed and relapsed MM. However, resistance to these
classes of agents develops in most patients and ultimately leads
to death from relapsed/refractory disease. A need exists for new
classes of antimyeloma drugs, especially ones that are active in
the multirefractory setting. The conventional drug development
process, which involves extensive preclinical and clinical testing
prior to assessment of clinical activity, has fallen short in delivering
adequately safe and active novel drug candidates. HIV protease
inhibitors such as nelfinavir are safe, US Food and Drug Admin-
istration—approved agents that have been shown to have potent
antimyeloma activity in both preclinical models and patients with
refractory disease. The repurposing of HIV protease inhibitors for
treatment of MM is promising in light of their antimyeloma activity
in conjunction with their global availability, established safety, and
relatively low cost. This review will summarize the preclinical and
clinical data available on HIV protease inhibitors for the treatment

of refractory MM.

Myeloma Cell Biology

Multiple myeloma (MM) is a cytogenetically heterogeneous clonal
plasma cell proliferative disorder that accounts for 1% of all cancers
and approximately 10% of hematologic malignancies.' The median
age of diagnosis is 69 years—with more than three-quarters of diag-
noses made in patients older than 55 years—and nearly two-thirds
of patients are male.? The 2-year survival for MM is currently 87%.
This percentage has risen over the last decades owing to the intro-
duction of newer therapies, such as proteasome inhibitors (PIs) and
immunomodulatory imide drugs (IMiDs).> MM may manifest with
hypercalcemia, renal failure, anemia, and lytic bone lesions (CRAB
symptoms), or may be detected at an asymptomatic stage.
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MM cells produce high amounts of monoclonal
immunoglobulin (M-Ig), of which approximately 30%
is defective and requires proteolytic degradation and
recycling to maintain cellular viability.** To sustain high
protein turnover, MM plasma cells have evolved and
adapted the endoplasmic reticulum toward high protein
production and the ubiquitin proteasome system toward
effective protein degradation.®” This extraordinarily
active route is tightly controlled by the unfolded protein
response (UPR) pathway, a complex and highly conserved
transcriptional network that balances protein produc-
tion, folding, and destruction, and that serves to resolve
unwanted endoplasmic reticulum stress.®* The UPR
consists of 3 regulatory branches, namely IRE1a/XBP1,
PERK/elF20/ATF4, and ATFG6 (these stand for inositol-
requiring enzyme 1 alfa/X-box binding protein 1; PKR-
like endoplasmic reticulum kinase/elongation initiation
factor, subunit alfa/activating transcription factor 4; and
activating transcription factor 6; respectively).’ In addi-
tion to its role in the UPR pathway, XBP1 transcription
factor is also a major plasma cell differentiation factor.

Owing to overproduction of M-Ig and a high rate of
protein synthesis, MM cells are dependent on the protea-
some to clear misfolded proteins. Consequently, protea-
some inhibition in MM cells induces endoplasmic reticu-
lum stress, activates the UPR, and results in apoptosis
when endoplasmic reticulum stress becomes excessive.''?
This strategy has been shown to be highly cytotoxic for
MM cells' and remains a major pillar for the treatment of
newly diagnosed and relapsed MM, with 3 PIs approved
by the US Food and Drug Administration (FDA) for
clinical use: bortezomib (Velcade, Millennium/Takeda
Oncology), carfilzomib (Kyprolis, Amgen), and ixazomib
(Ninlaro, Millennium/Takeda Oncology).! Despite the
high sensitivity of MM cells to proteasome inhibiting
drugs, however, resistance to PI treatment develops in a
majority of patients.”"” Widespread clonal heterogeneity
and a high frequency of mutated genes in the RAS, BRAF,
and DNA repair pathways facilitate the development of
resistant clones.'®'¥2 The cell biology of PI-resistant MM
involves complex changes. These changes include high
glycolytic activity,’* an IRE10t/XBP1-low UPR activa-

2 and increased mitochondrial metabolism,*

tion state,
which lead to enhanced antioxidant activity and higher
protein folding capacity, rendering Pl-resistant MM
cells proteasome-independent. Additionally, carfilzomib-
resistant MM cells express the multidrug transporter
ATP-binding cassette sub-family B member 1 (ABCB1),
enabling efficient drug efflux.”

Tumor cells stimulate new vascular formation in a
process known as angiogenic switch.?*? In patients with
MM, angiogenesis is typically increased in the bone mar-

28,29

row,”> where it has been related to disease progression

and poor prognosis.*** Among the factors involved in
MM angiogenesis, vascular endothelial growth factor and
fibroblast growth factor induce proliferation of bone mar-
row stromal and MM endothelial cells, whereas angiopoi-
etin 1 stabilizes nascent vessels.** Importantly, patients
responding to MM treatment experience a decrease in
bone marrow microvascular density, and consequently
antiangiogenic drugs, such as IMiDs, have proven benefi-
cial in MM treatment.*>

After MM has become refractory to Pls and IMiDs
(ie, double-refractory MM), progression-free survival is 5
months and overall survival is 9 months. Very few active
treatment options are available in double-refractory MM.
The next line of therapy in dedicated myeloma centers
produces a 20% to 30% rate of activity in this situation;
the median duration of therapy is 3 months.*

Drug Repurposing in MM

The development of new anticancer drugs is associated
with increasing costs and failure rates. Therefore, alter-
native approaches to cancer drug discovery are being
explored, among them drug repositioning, also known as
drug repurposing or reprofiling.“*#! Repurposing is defined
as finding new uses for already approved drugs outside
the original indication.”? It offers many advantages over
the development of new drug entities, including global
availability and well-established safety, dosing, pharmaco-
kinetics, and pharmacodynamics. Several databases have
been created to gather the available information about
promising drugs for repurposing. Two examples are the
Repurposing Drugs in Oncology (ReDO) database® and
the Drug Repurposing Hub.* The ReDO database so far
includes 291 drugs that fulfill the criteria of high potential
(htep://www.redo-project.org/db), with 75% of the sub-
stances in the WHO Model List of Essential Medicines.
The Drug Repurposing Hub currently contains annota-
tions for a total of 6125 compounds, including 2369
launched drugs, 1619 drugs that reached phases 1 to 3 of
clinical development, 96 compounds that were previously
approved but withdrawn from use, and 2041 preclinical
chemicals or compounds (https://clue.io/repurposing).
Thalidomide is the most successful example of drug
repurposing in the MM field. Thalidomide was developed
decades ago to treat morning sickness in pregnant women
in Europe, and was rapidly withdrawn because of its
association with severe limb defects in newborns. Almost
any tissue or organ could be affected by the drug, and an
estimated 10,000 children were exposed to the effects of
thalidomide (the United States was largely spared, as the
US FDA never approved it for use in pregnant women).®
In the early 1990s, thalidomide was found to have antian-
giogenic effects and to be a potent tumor necrosis factor
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alfa (TNF-o) inhibitor, which paved the way for its use
as an anticancer agent in MM.*¥ Another example of
drug repurposing is nelfinavir (Viracept, Agouron), a
first-generation HIV protease inhibitor (HIV-PI) that
has shown potent activity in the treatment of refractory
MM 4849

HIV Drugs as Potential Antimyeloma Therapy

HIV Drug Classes and Safety

HIV was identified in 1983.5%%' Currently 37 million
people live with HIV, 70% of them in Africa.’® Since
the outbreak of the disease in the early 1980s, efforts
have been made to understand the pathogenesis of HIV,
which led to the development of multiple drugs target-
ing different steps in the life cycle of the virus. By 2018,
23.3 million people were receiving antiretroviral therapy
globally.? HIV nucleoside reverse transcriptase inhibitors
(NRTTs) were the first class of agents introduced for HIV
treatment as competitive substrate inhibitors, followed by
HIV-PIs that specifically targeted HIV-1 protease, and
further by non-nucleoside reverse-transcriptase inhibitors
(NNRTTs) as noncompetitive reverse transcriptase inhibi-
tors. HIV monotherapies, dual therapies, and especially
the combination of NRTTs and Pls marked the beginning
of the era of highly active antiretroviral therapy (HAART),
which improves the CD4+ cell count and increases life
expectancy in HIV patients.”>* HIV-1 PIs target the HIV
protease, a viral serine protease that is essential for virus
maturation and that lacks structurally related enzymes in
eukaryotes. After the approval of saquinavir as the first
HIV-PI for clinical use, an extraordinary effort in the fol-
lowing years resulted in the approval of 5 first-generation
HIV-PIs (saquinavir, ritonavir, indinavir, nelfinavir, and
amprenavir) and 4 second-generation HIV-PIs (lopina-
vir, atazanavir, tipranavir, and darunavir).’*” The first-
generation drugs had a limited efficacy owing to their
short half-life, secondary effects, and poor bioavailability.
Interestingly, ritonavir—the second FDA-approved
HIV-PI—was also found to be a potent inhibitor of
cytochrome P450, family 3, subfamily A (CYP450 3A)
and is therefore currently used in combination with other
HIV-PIs to boost their pharmacokinetic profile (known
as “boosted HIV-Pl/ritonavir”).”*** Second-generation
HIV-PIs were designed to overcome these limitations,
with atazanavir resulting in a significantly longer half-life,
and lopinavir used in a combination form with ritonavir
for once-daily dosing.®!

Previous studies have shown an increased rate of
failure in HIV-Pl/ritonavir regimens, mostly owing to
the emergence of HIV-1 protease mutations. This find-
ing has raised concerns about the efficacy of HIV-PIs.6>%
However, the rate of failure was found to be similar for

HIV-Pl/ritonavir as for NNRTIs,”¢ and the loss of
activity of HIV-PIs after long-term exposure is low in
patients treated with Pl/ritonavir vs regimens contain-
ing an NNRTT, which suggests a long-lasting protective
effect of HIV-Pl/ritonavir treatment and reinforcing the
importance of HIV-PIs.%

HIV-PIs are considered to be relatively safe, although
some side effects have been identified. The most com-
mon class-associated side effect is gastric intolerance.
Lipodystrophy and insulin resistance are also frequently
reported.” These problems are related to a decrease in
sterol regulatory element-binding protein 1 (SREBP-1)
in the cell nucleus, leading to reduced adiponectin and
impaired adipocyte differentiation.”*”! HIV-PIs also
inhibit glucose transporter type 4 (GLUT4), blocking
glucose uptake in the adipocytes,”
affect proteasome homeostasis.””

and are thought to

Preclinical Evidence of Efficacy in Multiple Myeloma

Antitumor effects of HIV-PIs have been attributed to a
variety of mechanisms,”*”” including downregulation of
AKT/STAT3/ERK signaling,”®*¢ induction of endoplas-

48,84,87-94

mic reticulum stress via UPR induction, antian-

769596 and other anticancer

giogenesis in vitro and in vivo,
pathways.

The precise mechanism by which HIV-PIs enhance
cytotoxicity of MM cells is still under study. Nelfinavir,
saquinavir, and ritonavir induce growth arrest and apop-
tosis in MM cell lines and isolated human MM cells by
inhibiting interleukin 6 (IL-6)-mediated phosphoryla-
tion of both signal transducer and activator of transcrip-
tion 3 (STAT3) and extracellular signal-related kinase
1/2 (ERK1/2), resulting in downregulation of induced
myeloid leukemia cell differentiation protein (MCL1).%¢
MCLLI is an antiapoptotic member of the B-cell lym-
phoma 2 (BCL2) family that promotes survival and has
been related to development of resistance in MM cells.””%
Ritonavir decreases MCL1 expression while maintaining
oxygen consumption rates in MM cells; however, its com-
bination with metformin completely suppresses this and
increases apoptosis mediated by inhibition of the AKT/
AMPK pathways.” Additionally, MM cells depend on the
activity of GLUT4 for their viability and growth, and its
suppression induces apoptosis with a decrease in MCLL1
expression.'® These data suggest that ritonavir sensitizes
MM cells to apoptosis by impairing glucose metabolism.

Nelfinavir has consistently shown the most potent
antitumor activity of all HIV-PIs in vitro and in vivo.
In MM cells, nelfinavir at clinically achievable doses
impaired 26S proteasome activity and activated the UPR
in vivo, increasing C/EBP homologous protein (CHOP)
expression, caspase 3 cleavage, and apoptosis.® In line
with these results, Kawabata and colleagues showed that
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the combination of nelfinavir and bortezomib enhanced
cytotoxicity to MM cells, and that CHOP and PERK
knockdown by small interfering RNA inhibited cell
death induced by nelfinavir, suggesting that UPR activa-
tion might be an early effect of nelfinavir that contributes
to cytotoxicity. Importantly, treatment with the protein
synthesis inhibitor cycloheximide decreased nelfinavir-
induced apoptosis, suggesting that a decrease in endo-
plasmic reticulum stress diminishes nelfinavir toxicity
in MM cells.”? In a mouse xenograft model of MM, the
combination of nelfinavir and bortezomib reduced tumor
size and increased cell death compared with bortezomib
alone.’® In this study, bortezomib-induced autophagy
was abrogated by nelfinavir via calpain inhibition, which
enhanced cell death in vitro and in vivo. Of all the HIV-
PIs available, nelfinavir has the most potent antimyeloma
effect in Pl-resistant MM cell lines and isolated MM
patient samples. The combination of nelfinavir and bort-
ezomib is cytotoxic in bortezomib-resistant MM cells,
with an efficacy comparable to bortezomib-sensitive MM
cells, suggesting that nelfinavir (and other HIV-PIs) may
sensitize MM cells to apoptosis regardless of the PI resis-
tance mechanism, and thereby overcome PI resistance.'®
Additionally, nelfinavir/bortezomib resulted in enhanced
cytotoxic activity compared with bortezomib alone, lead-
ing to UPR activation, CHOP upregulation, caspase 3
cleavage, and decreased AKT phosphorylation.'®
Nelfinavir and lopinavir were recently shown to over-
come carfilzomib-specific PI resistance via modulation of
ABCBI transporters,” and are the most active HIV-PIs to
induce cytotoxicity in MM cells during cotreatment with
carfilzomib. The primary molecular target of nelfinavir in
MM cells is still unknown. A systematic computational
analysis showed that a high percentage of 126 possible
nelfinavir partners belong to the kinase superfamily.'®
Further, considering the known antiangiogenic effects

7695104 and the increased bone

of nelfinavir in other tumors
marrow microvascular density in MM patients, it is likely
that nelfinavir could also modulate angiogenesis in MM
patients, although this remains unproven. An overview of
the molecular effects of nelfinavir on MM is shown in the

Figure.

Clinical Evidence of Efficacy in Multiple Myeloma

Nelfinavir has shown clinical activity in MM as part of
combination treatments for refractory MM. In a phase
1 study called SAKK 65/08 (Nelfinavir Mesylate and
Bortezomib in Treating Patients With Relapsed or Pro-
gressive Advanced Hematologic Cancer), 12 patients
with advanced hematologic malignancies, including
MM, acute leukemia, and lymphoma, were treated with
nelfinavir (2500-5000 mg/day by mouth on days 1-13)
plus bortezomib (1.3 mg/m? on days 1, 4, 8, and 11) in

21-day cycles.” Patients had received a median of 4 prior
lines of therapy. The primary objective was to establish
dose-limiting toxicity and safety. The recommended
dose was established at 2500 mg by mouth twice a day.
Interestingly, a dose of 1875 mg by mouth twice a day
resulted in comparable plasma levels of nelfinavir, suggest-
ing autoinduction of nelfinavir-metabolizing enzymes at
high drug doses in MM patients. In this study, among a
prospectively planned cohort of 6 bortezomib-refractory
MM patients, 4 achieved a partial response according to
International Myeloma Working Group (IMWG) crite-
ria and 2 achieved a minimal remission.”® Importantly,
all responding patients had progressed during prior
bortezomib-containing therapy, suggesting that the nel-
finavir/bortezomib combination overcomes bortezomib
resistance.

A multicenter, open-label phase 2 trial called SAKK
39/13 (Nelfinavir as Bortezomib-Sensitizing Drug in
Patients With Proteasome Inhibitor-Nonresponsive
Myeloma; NCT02188537) evaluated the combination
of nelfinavir, bortezomib, and dexamethasone in patients
previously exposed or intolerant to IMiDs and refractory
to bortezomib.”” In this study, 34 patients were treated
with nelfinavir (2500 mg/day by mouth on days 1-14),
bortezomib (1.3 mg/m? on days 1, 4, 8, and 11), and
dexamethasone (20 mg by mouth on days 1-2, 4-5, 8-9,
and 11-12), repeating the cycle every 21 days. The median
treatment duration was 4.5 cycles, and the objective
response rate (ORR) for the entire cohort was 65%), with 7
partial responses and 5 very good partial responses. Over-
all, 74% of the patients experienced a minimal response
or better by IMWG criteria. Strikingly, ORRs of greater
than 60% were seen in bortezomib-refractory patients
with poor-risk cytogenetic features, as well as in triple-
refractory patients (a 62% ORR in patients refractory to
pomalidomide [Pomalyst, Celgene], lenalidomide [Rev-
limid, Celgene], and bortezomib), in this study. Patients
in this trial had received an average of 5 prior lines of treat-
ment, and a very short prospective survival is anticipated.
However, mortality from bacterial infections was observed
in this trial. We therefore suggest prophylactic antibiotic
therapy when using bortezomib/nelfinavir/dexamethasone
in patients who have advanced, multirefractory MM. It
is unclear to what extent the mortality from infections
reflects the background infection risk of the patient popu-
lation or represents an effect of the drug treatment. We
hypothesize that the addition of nelfinavir to bortezomib/
dexamethasone greatly increases elimination or silencing
of nonmalignant plasma cells and B cells, reflecting the
superior activity that this regimen has on MM cells.

Recently, the combination of nelfinavir (2500 mg/
day orally on days 1-14), lenalidomide (25 mg/day orally
on days 1-21), and dexamethasone (20/40 mg orally on

Clinical Advances in Hematology & Oncology Volume 17, Issue 11 November 2019



HIV PROTEASE INHIBITORS FOR THE TREATMENT OF MULTIPLE MYELOMA

V' STAT3 phosphorylation

—> V' MCL1

¥ AKT phosphorylation ¥ ERK1/2 phosphorylation

4 ABCB1 activity UPR activation —> A CHOP

Calpain inhibition T Caspase 3 cleavage

l

Autophagy inhibition

Figure. Antimyeloma mechanism of action of nelfinavir. Nelfinavir induces apoptosis by activating UPR, increasing caspase
3 cleavage, and downregulating MCL1. Additional effects are the modulation of ABCB1 drug transporter activity, autophagy
inhibition, and a decrease in AKT phosphorylation.

ABCBI1, ATP-binding cassette sub-family B member 1; CHOP, C/EBP homologous protein; ERK1/2, extracellular signal-related kinase 1/2;
MCLI, myeloid leukemia cell differentiation protein 1; STAT3, signal transducer and activator of transcription 3; UPR, unfolded protein

I'CSP()HSC,

days 1, 8, 15, and 22) in 4-week cycles was explored in a
phase 1/2, multicenter study called SAKK 39/10 (Nel-
finavir and Lenalidomide/Dexamethasone in Progressive
Multiple Myeloma; NCT01555281) in lenalidomide-
refractory patients. In this trial, 31% of 29 patients had
poor-risk cytogenetics, 93% had received at least 2 prior
lines of treatment, and 63% had undergone prior autolo-
gous stem cell transplant.’® One-third of the patients
enrolled were double-refractory (to bortezomib/lenalido-
mide), and the primary outcome of objective response
was achieved in 55% of the patients, with no unexpected
adverse events, suggesting that the addition of nelfinavir
to lenalidomide is safe and effective in lenalidomide-
refractory MM. The Table summarizes clinical trials with
nelfinavir for MM treatment.

Clinical Use of Nelfinavir in Multiple Myeloma
Current MM treatment is based on PI and/or IMiD
(mostly lenalidomide) backbones in the frontline setting,
and usually involves a switch in the class of backbone drug
together with a monoclonal antibody or a doublet/triplet
of PI/IMiD plus a monoclonal antibody for therapy in
the relapsed setting.'%

For lenalidomide-refractory MM, the lenalidomide-
based combinations mostly used for initial treatment
of relapsed MM have not been systematically tested in
large clinical trials. The combination of lenalidomide/
dexamethasone with nelfinavir offers the only oral triplet
combination to our knowledge that has shown clinical
activity in more than 50% of patients in a prospective
clinical trial.'® Based on this fact, the combination may be
attractive as an entirely oral regimen in the lenalidomide-
refractory setting.

As soon as patients have reached a double-refractory
state (Pl-refractory and lenalidomide-refractory), the
prognosis is particularly poor. PES is in the 3- to 4-month
range, median survival is approximately 1 year, and the
response rate to the next therapy line is approximately
30%, including approved standard therapies such as dara-
tumumab (Darzalex, Janssen Biotech)/dexamethasone
or pomalidomide/dexamethasone.® Without a doubt,
double-refractory MM patients require additional options
for active therapy that involve alternative modes of action.
Most therapies that have been tested for this patient
population thus far were based on a pomalidomide back-
bone. Pomalidomide/dexamethasone-based doublets and

Clinical Advances in Hematology & Oncology Volume 17, Issue 11 November 2019 619
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Table. Active and Completed Clinical Trials With Nelfinavir for Multiple Myeloma Treatment

Study ID/Name | Phase | Status Indication Intervention Response
NCT01164709/ | 1 Completed | Pl-refractory | Nelfinavir 2500 mg twice a day 83% ORR, 50% PR, 33%
SAKK 65/08% MM on days 1-14 + bortezomib/ MR®
dexamethasone
NCT02188537/ | 2 Completed Pl-refractory | Nelfinavir 2500 mg twice a day 74% ORR, 15% VGPR,
SAKK 39/13% MM on days 1-14 + bortezomib/ 50% PR, 9% MR
dexamethasone®
NCT01555281/ | 1/2 Active, not Rd-refractory | Nelfinavir 1250 mg twice a day 55% ORR, 10% VGPR,
SAKK 39/10' recruiting MM on days 1-21 + lenalidomide/ 21% PR, 24% MR
dexamethasone®

*Extension cohort with 6 patients.

b Bortezomib/dexamethasone: bortezomib at 1.3 mg/m? on days 1, 4, 8

every 28 days.

¢ Lenalidomide/dexamethasone: lenalidomide at 25 mg on days 1-21; d

, and 11; dexamethasone at 20 mg on days 1-2, 4-5, 8-9, and 11-12. Cycles

examethasone at 20/40 mg on days 1, 8, 15, and 22. Cycles every 21 days.

MM, multiple myeloma; MR, minimal remission; ORR, objective response rate; PI, proteasome inhibitor; PR, partial response; VGPR, very good

partial response.

triplets yielded different response rates in phase 2 studies
in double-refractory patients, ranging from 20% to 30%
(with pomalidomide/dexamethasone) to 50% to 60%
(with pomalidomide combined with either cyclophos-
phamide/pembrolizumab [Keytruda, Merck] or daratu-
mumab/carfilzomib). The nelfinavir/bortezomib/dexa-
methasone combination yielded a response rate of greater
than 60% in this population, which is comparable to—or
even numerically higher than—today’s cutting-edge MM
drug triplets. Given the well-established safety of nelfina-
vir and the fact that the generic formulation of this drug
is available for 10% to 20% of the monthly treatment
costs of pembrolizumab, daratumumab, or carfilzomib,
and that likewise bortezomib is available generically, bort-
ezomib/nelfinavir/dexamethasone appears particularly
attractive for patients with double-refractory MM who do
not have access to an unlimited supply of last-generation,
expensive MM drugs (eg, because of inadequate insur-
ance coverage, unaffordable copayments, or lack of drug
availability in a given country). In addition, the activity
of bortezomib/nelfinavir/dexamethasone in the phase 2
setting was independent from cytogenetic risk, the type of
previous therapies, and whether the patient was sensitive
or refractory to them.

Most patients with double-refractory MM soon reach
the triple-refractory stage (Pl-refractory, lenalidomide-
refractory, and pomalidomide-refractory), given that
pomalidomide/dexamethasone is active in only roughly
30% of these patients.'®'” These triple-refractory MM
patients have been excluded from trials testing pomalid-
omide-based triplets for refractory MM, and very few
studies have systematically analyzed the activity of drug
combinations in this patient group. We currently lack an

620 Clinical Advances in Hematology & Oncology Volume 17,

active treatment for this patient group that has activity
higher than the 30% range reported for daratumumab/
dexamethasone. The nuclear export inhibitor selinexor
(Xpovio, Karyopharm) plus dexamethasone showed a
26% response rate in pentarefractory patients'® and a
58% response rate when combined with bortezomib/
dexamethasone as a triplet in double-refractory MM. '
However, selinexor shows significant myelotoxicity that
limits its use in advanced MM. The bortezomib/nelfina-
vir/dexamethasone combination, by contrast, is globally
available and lacks myelotoxicity.

With a response rate of greater than 60% in triple-
refractory (to bortezomib, lenalidomide, and pomalido-
mide) MM, the combination of bortezomib, nelfinavir,
and dexamethasone is today among the most active
drug combinations for the treatment of multirefractory
MM reported in phase 2 trials.* However, this activity
is based on small patient numbers only, and nelfinavir is
not approved for MM therapy. Although nelfinavir was
granted an orphan drug designation by the FDA and
the Swiss Agency for Therapeutic Products (Swissmedic)
based on the data reported above, the agent has not been
submitted for approval for this indication. Today, nelfina-
vir is approved exclusively for HIV therapy in many coun-
tries worldwide, including the United States, Canada,
and most emerging and developing countries. Although
nelfinavir had likewise been approved as HIV therapy in
Europe by the European Medicines Agency and Swiss-
medic, a prolongation of this approval was not requested,
so that nelfinavir has not been approved in any country
in Europe since 2013. However, based on the published
data, the life-threatening nature of double-refractory
MM, and the limited options of active approved drugs
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in this setting, nelfinavir may be used off-label for MM
treatment in most countries outside of Europe, as well as
on a compassionate use basis (after informed consent) for
individual patients in most European countries, in agree-
ment with their different drug regulations.

Nelfinavir today is a component of combination
therapies for patients with refractory MM. Unfortunately,
the clinical experience is based on only two small phase 2
trials, and clinical data are lacking for the use of nelfinavir
in combination with pomalidomide, a second-generation
PI (ie, carfilzomib, ixazomib), or monoclonal antibodies.

Summary

HIV-PIs induce synergistic endoplasmic reticulum stress
and cytotoxicity in combination with proteasome inhibi-
tors, and overcome proteasome inhibitor—based resistance
in preclinical models of MM. Bortezomib/nelfinavir/
dexamethasone is among the most active drug combina-
tions tested in clinical phase 2 trials in the double-refrac-
tory setting and especially in the triple-refractory setting.
Although nelfinavir is safe and has obtained orphan drug
status for MM treatment, no approval trials in MM are
under way, likely because of a lack of a promising strategy
to commercially exploit the clinical potential of nelfinavir
in MM. Nelfinavir is commercially available and may be
used after informed consent and in the absence of alterna-
tive approved therapy options to treat individual patients
with advanced multirefractory MM as part of combina-
tion therapies in off-label (United States, Canada) or
compassionate use (Switzerland and other European
countries) settings.

Acknowledgements
This work was supported by Promedica Stiftung (1438/M).

Disclosures
The authors have no conflicts of interest to declare.

References

1. Moreau P, San Miguel J, Sonneveld P, et al. Muldiple myeloma: ESMO
clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2017;28(suppl 4):iv52-iv61.

2. National Cancer Institute. Surveillance, epidemiology, and end results program.
https://seer.cancer.gov/statfacts/html/mulmy.html. Accessed October 7, 2019.

3. Fonseca R, Abouzaid S, Bonafede M, et al. Trends in overall survival and costs of
multiple myeloma, 2000-2014. Leukemia. 2017;31(9):1915-1921.

4. Salmon SE, Smith BA. Immunoglobulin synthesis and total body tumor cell
number in IgG multiple myeloma. J Clin Invest. 1970;49(6):1114-1121.

5. Schubert U, Antén LC, Gibbs J, Norbury CC, Yewdell JW, Bennink JR. Rapid
degradation of a large fraction of newly synthesized proteins by proteasomes.
Nature. 2000;404(6779):770-774.

6. Chauhan D, Bianchi G, Anderson KC. Targeting the UPS as therapy in multiple
myeloma. BMC Biochem. 2008;9(suppl 1):S1.

7. Kirk SJ, Cliff JM, Thomas JA, Ward TH. Biogenesis of secretory organelles
during B cell differentiation. J Leukoc Biol. 2010;87(2):245-255.

8. Chakrabarti A, Chen AW, Varner JD. A review of the mammalian unfolded
protein response. Biotechnol Bioeng. 2011;108(12):2777-2793.

9. Karagoz GE, Acosta-Alvear D, Walter P. The unfolded protein response: detect-
ing and responding to fluctuations in the protein-folding capacity of the endoplas-
mic reticulum. Cold Spring Harb Perspect Biol. 2019;11(9):a033886.

10. Lohr JG, Stojanov B, Carter SL, et al; Multiple Myeloma Research Consor-
tium. Widespread genetic heterogeneity in multiple myeloma: implications for
targeted therapy. Cancer Cell. 2014;25(1):91-101.

11. Obeng EA, Carlson LM, Gutman DM, Harrington WJJ Jr, Lee KP, Boise LH.
Proteasome inhibitors induce a terminal unfolded protein response in multiple
myeloma cells. Blood. 2006;107(12):4907-4916.

12. Meister S, Schubert U, Neubert K, et al. Extensive immunoglobulin production
sensitizes myeloma cells for proteasome inhibition. Cancer Res. 2007;67(4):1783-
1792.

13. Lee A-H, Iwakoshi NN, Anderson KC, Glimcher LH. Proteasome inhibi-
tors disrupt the unfolded protein response in myeloma cells. Proc Natl Acad Sci.
2003;100(17):9946-9951.

14. Moreau P, Richardson PG, Cavo M, et al. Proteasome inhibitors in multiple
myeloma: 10 years later. Blood. 2012;120(5):947-959.

15. Siegel DS, Martin T, Wang M, et al. A phase 2 study of single-agent carfilzo-
mib (PX-171-003-A1) in patients with relapsed and refractory multiple myeloma.
Blood. 2012;120(14):2817-2825.

16. Dimopoulos MA, Palumbo A, Corradini D, et al. Safety and efficacy of
pomalidomide plus low-dose dexamethasone in STRATUS (MM-010): a phase
3b study in refractory multiple myeloma. Blood. 2016;128(4):497-503.

17. Lokhorst HM, Plesner T, Laubach JP, et al. Targeting CD38 with daratumumab
monotherapy in multiple myeloma. N Engl ] Med. 2015;373(13):1207-1219.

18. Walker BA, Boyle EM, Wardell CP, et al. Mutational spectrum, copy number
changes, and outcome: results of a sequencing study of patients with newly diag-
nosed myeloma. / Clin Oncol. 2015;33(33):3911-3920.

19. Manier S, Salem KZ, Park J, Landau DA, Getz G, Ghobrial IM. Genomic
complexity of multiple myeloma and its clinical implications. Nat Rev Clin Oncol.
2017;14(2):100-113.

20. Ryland GL, Jones K, Chin M, et al. Novel genomic findings in mul-
tiple myeloma identified through routine diagnostic sequencing. J Clin Pathol.
2018;71(10):895-899.

21. Maiso B, Huynh D, Moschetta M, et al. Metabolic signature identifies novel
targets for drug resistance in multiple myeloma. Cancer Res. 2015;75(10):2071-
2082.

22. Zaal EA, Wu W, Jansen G, Zweegman S, Cloos J, Berkers CR. Bortezomib
resistance in multiple myeloma is associated with increased serine synthesis. Cancer
Metab. 2017;5:7.

23. Leung-Hagesteijn C, Erdmann N, Cheung G, et al. Xbp1ls-negative tumor B
cells and pre-plasmablasts mediate therapeutic proteasome inhibitor resistance in
multiple myeloma. Cancer Cell. 2013;24(3):289-304.

24. Besse L, Besse A, Mendez-Lopez M, et al. A metabolic switch in pro-
teasome inhibitor-resistant multiple myeloma ensures higher mitochondrial
metabolism, protein folding and sphingomyelin synthesis. Haematologica.
2019;104(9):e415-e419.

25. Soriano GP, Besse L, Li N, et al. Proteasome inhibitor-adapted myeloma
cells are largely independent from proteasome activity and show complex
proteomic changes, in particular in redox and energy metabolism. Leukemia.
2016;30(11):2198-2207.

26. Giuliani N, Storti P, Bolzoni M, Palma BD, Bonomini S. Angiogenesis and
multiple myeloma. Cancer Microenviron. 2011;4(3):325-337.

27. Carmeliet D, Jain RK. Angiogenesis in cancer and other diseases. Nature.
2000;407(6801):249-257.

28. Vacca A, Ribatti D, Presta M, et al. Bone marrow neovascularization, plasma
cell angiogenic potential, and matrix metalloproteinase-2 secretion parallel pro-
gression of human multiple myeloma. Blood. 1999;93(9):3064-3073.

29. Jakob C, Sterz ], Zavrski I, et al. Angiogenesis in multiple myeloma. Eur J
Cancer. 2006;42(11):1581-1590.

30. Bhatti SS, Kumar L, Dinda AK, Dawar R. Prognostic value of bone marrow
angiogenesis in multiple myeloma: use of light microscopy as well as computerized
image analyzer in the assessment of microvessel density and total vascular area
in multiple myeloma and its correlation with various clinical, histological, and
laboratory parameters. Am J Hematol. 2006;81(9):649-656.

31. Moulopoulos LA, Dimopoulos MA, Christoulas D, et al. Diffuse MRI mar-
row pattern correlates with increased angiogenesis, advanced disease features and
poor prognosis in newly diagnosed myeloma treated with novel agents. Leukemia.

2010;24(6):1206-1212.

Clinical Advances in Hematology & Oncology Volume 17, Issue 11 November 2019 621



MENDEZ-LOPEZ ET AL

32. Munshi NC, Wilson C. Increased bone marrow microvessel density in
newly diagnosed multiple myeloma carries a poor prognosis. Semin Oncol.
2001;28(6):565-569.

33. Rajkumar SV, Mesa RA, Fonseca R, et al. Bone marrow angiogenesis in 400
patients with monoclonal gammopathy of undetermined significance, multiple
myeloma, and primary amyloidosis. Clin Cancer Res. 2002;8(7):2210-2216.

34. Ribatti D, Vacca A. New insights in anti-angiogenesis in multiple myeloma. /nt
] Mol Sci. 2018;19(7):e2031.

35. Kumar S, Witzig TE, Timm M, et al. Bone marrow angiogenic ability and
expression of angiogenic cytokines in myeloma: evidence favoring loss of marrow
angiogenesis inhibitory activity with disease progression. Blood. 2004;104(4):1159-
1165.

36. Singhal S, Mehta J, Desikan R, et al. Antitumor activity of thalidomide in
refractory multiple myeloma. N Engl ] Med. 1999;341(21):1565-1571.

37. Gérgiin G, Calabrese E, Soydan E, et al. Immunomodulatory effects of lenalid-
omide and pomalidomide on interaction of tumor and bone marrow accessory
cells in multiple myeloma. Blood. 2010;116(17):3227-3237.

38. De Luisi A, Ferrucci A, Coluccia AML, et al. Lenalidomide restrains motility
and overangiogenic potential of bone marrow endothelial cells in patients with
active multiple myeloma. Clin Cancer Res. 2011;17(7):1935-1946.

39. Kumar SK, Dimopoulos MA, Kastritis E, et al. Natural history of relapsed
myeloma, refractory to immunomodulatory drugs and proteasome inhibitors: a
multicenter IMWG study. Leukemia. 2017;31(11):2443-2448.

40. Ashburn TT, Thor KB. Drug repositioning: identifying and developing new
uses for existing drugs. Nat Rev Drug Discov. 2004;3(8):673-683.

41. DiMasi JA, Grabowski HG. Economics of new oncology drug development. /
Clin Oncol. 2007;25(2):209-216.

42. Pantziarka P, Bouche G, Mcheus L, Sukhatme V, Sukhatme VP. Repurposing
drugs in your medicine cabinet: untapped opportunities for cancer therapy? Future
Oncol. 2015;11(2):181-184.

43. Pantziarka P, Verbaanderd C, Sukhatme V, et al. ReDO_DB: the repurposing
drugs in oncology database. Ecancermedicalscience. 2018;12:886.

44. Corsello SM, Bittker JA, Liu Z, et al. The Drug Repurposing Hub: a next-
generation drug library and information resource. Nat Med. 2017;23(4):405-408.
45. Vargesson N. Thalidomide-induced teratogenesis: history and mechanisms.
Birth Defects Res C Embryo Today. 2015;105(2):140-156.

46. Moreira AL, Sampaio EP, Zmuidzinas A, Frindt P, Smith KA, Kaplan G. Tha-
lidomide exerts its inhibitory action on tumor necrosis factor alpha by enhancing
mRNA degradation. J Exp Med. 1993;177(6):1675-1680.

47. D’Amato R]J, Loughnan MS, Flynn E, Folkman J. Thalidomide is an inhibitor
of angiogenesis. Proc Natl Acad Sci U S A. 1994;91(9):4082-4085.

48. Driessen C, Kraus M, Joerger M, et al. Treatment with the HIV protease inhib-
itor nelfinavir triggers the unfolded protein response and may overcome protea-
some inhibitor resistance of multiple myeloma in combination with bortezomib: a
phase I trial (SAKK 65/08). Haematologica. 2016;101(3):346-355.

49. Driessen C, Miiller R, Novak U, et al. Promising activity of nelfinavir-bortezo-
mib-dexamethasone in proteasome inhibitor-refractory multiple myeloma. Blood.
2018;132(19):2097-2100.

50. Gallo RC, Sarin PS, Gelmann EP, et al. Isolation of human T-cell leukemia virus
in acquired immune deficiency syndrome (AIDS). Science. 1983;220(4599):865-
867.

51. Barré-Sinoussi E Chermann JC, Rey E et al. Isolation of a T-lymphotropic
retrovirus from a patient at risk for acquired immune deficiency syndrome (AIDS).
Science. 1983;220(4599):868-871.

52. World Health Organization. HIV/AIDS data and statistics. Global Health
Observatory data. Antiretroviral therapy (ART) coverage among all age groups.
https://www.who.int/gho/hiv/epidemic_response/ART _text/en/. Accessed Octo-
ber 7, 2019.

53. Palella FJJ, Delaney KM, Moorman AC, et al; HIV Outpatient Study Investi-
gators. Declining morbidity and mortality among patients with advanced human
immunodeficiency virus infection. N Engl | Med. 1998;338(13):853-860.

54. Lederman MM, Connick E, Landay A, et al. Inmunologic responses associ-
ated with 12 wecks of combination antiretroviral therapy consisting of zidovudine,
lamivudine, and ritonavir: results of AIDS Clinical Trials Group Protocol 315. J
Infect Dis. 1998;178(1):70-79.

55. Hammer SM, Squires KE, Hughes MD, et al. A controlled trial of two nucleo-
side analogues plus indinavir in persons with human immunodeficiency virus
infection and CD4 cell counts of 200 per cubic millimeter or less. AIDS Clinical
Trials Group 320 Study Team. N Engl | Med. 1997;337(11):725-733.

56. Rabi SA, Laird GM, Durand CM, et al. Multi-step inhibition explains
HIV-1 protease inhibitor pharmacodynamics and resistance. / Clin Invest.

2013;123(9):3848-3860.

57. Ghosh AK, Osswald HL, Prato G. Recent Progress in the Development
of HIV-1 protease inhibitors for the treatment of HIV/AIDS. | Med Chem.
2016559(11):5172-5208.

58. Kumar GN, Rodrigues AD, Buko AM, Denissen JF. Cytochrome P450-medi-
ated metabolism of the HIV-1 protease inhibitor ritonavir (ABT-538) in human
liver microsomes. J Pharmacol Exp Ther. 1996;277(1):423-431.

59. Sham HL, Kempf DJ, Molla A, et al. ABT-378, a highly potent inhibitor
of the human immunodeficiency virus protease. Antimicrob Agents Chemother.
1998;42(12):3218-3224.

60. Olson DP, Scadden DT, D’Aquila RT, De Pasquale MP. The protease inhibitor
ritonavir inhibits the functional activity of the multidrug resistance related-protein
1 (MRP-1). AIDS. 2002;16(13):1743-1747.

61. Pau AK, George JM. Antiretroviral therapy: current drugs. Infect Dis Clin
North Am. 2014;28(3):371-402.

62. Vergne L, Peeters M, Mpoudi-Ngole E, et al. Genetic diversity of protease and
reverse transcriptase sequences in non-subtype-B human immunodeficiency virus
type 1 strains: evidence of many minor drug resistance mutations in treatment-
naive patients. / Clin Microbiol. 2000;38(11):3919-3925.

63. Martinez-Cajas JL, Wainberg MA. Protease inhibitor resistance in HIV-infected
patients: molecular and clinical perspectives. Antiviral Res. 2007576(3):203-221.
64. Weber IT, Agniswamy J. HIV-1 protease: structural perspectives on drug resis-
tance. Viruses. 2009;1(3):1110-1136.

65. MacArthur RD, Novak RM, Peng G, et al; CPCRA 058 Study Team; Terry
Beirn Community Programs for Clinical Research on AIDS (CPCRA). A com-
parison of three highly active antiretroviral treatment strategies consisting of non-
nucleoside reverse transcriptase inhibitors, protease inhibitors, or both in the pres-
ence of nucleoside reverse transcriptase inhibitors as initial therapy (CPCRA 058
FIRST Study): a long-term randomised trial. Lancet. 2006;368(9553):2125-2135.
66. Gupta R, Hill A, Sawyer AW, Pillay D. Emergence of drug resistance in
HIV type 1-infected patients after receipt of first-line highly active antiretroviral
therapy: a systematic review of clinical trials. Clin Infect Dis. 2008;47(5):712-722.
67. Shafer RW, Smeaton LM, Robbins GK, et al; AIDS Clinical Trials Group 384
Team. Comparison of four-drug regimens and pairs of sequential three-drug regi-
mens as initial therapy for HIV-1 infection. N Engl ] Med. 2003;349(24):2304-
2315.

68. Scherrer AU, Béni J, Yerly S, et al; Swiss HIV Cohort Study (SHCS).
Long-lasting protection of activity of nucleoside reverse transcriptase inhibitors
and protease inhibitors (PIs) by boosted PI containing regimens. PLoS One.
2012;7(11):e50307-¢50307.

69. Nolan D. Metabolic complications associated with HIV protease inhibitor
therapy. Drugs. 2003;63(23):2555-2574.

70. Bastard JP, Caron M, Vidal H, et al. Association between altered expression
of adipogenic factor SREBP1 in lipoatrophic adipose tissue from HIV-1-infected
patients and abnormal adipocyte differentiation and insulin resistance. Lancet
(London, England). 2002;359(9311):1026-1031.

71. Rahmouni K, Sigmund CD. Id3, E47, and SREBP-1c: fat factors controlling
adiponectin expression. Cire Res. 2008;103(6):565-567.

72. Murata H, Hruz PW, Mueckler M. Indinavir inhibits the glucose transporter
isoform Glut4 at physiologic concentrations. A/DS. 2002;16(6):859-863.

73.Lv Z, ChuY, Wang Y. HIV protease inhibitors: a review of molecular selectiv-
ity and toxicity. HIV AIDS (Auckl). 2015;7:95-104.

74. André P, Groettrup M, Klenerman B, et al. An inhibitor of HIV-1 protease
modulates proteasome activity, antigen presentation, and T cell responses. Proc
Natl Acad Sci. 1998;95(22):13120-13124.

75. Pajonk F, Himmelsbach ], Riess K, Sommer A, McBride WH. The human
immunodeficiency virus (HIV)-1 protease inhibitor saquinavir inhibits protea-
some function and causes apoptosis and radiosensitization in non-HIV-associated
human cancer cells. Cancer Res. 2002;62(18):5230-5235.

76. Monini P, Sgadari C, Toschi E, Barillari G, Ensoli B. Antitumour effects of
antiretroviral therapy. Nat Rev Cancer. 2004;4(11):861-875.

77. Chow WA, Jiang C, Guan M. Anti-HIV drugs for cancer therapeutics: back to
the future? Lancet Oncol. 2009;10(1):61-71.

78. Yang Y, Ikezoe T, Takeuchi T, et al. HIV-1 protease inhibitor induces growth
arrest and apoptosis of human prostate cancer LNCaP cells in vitro and in vivo
in conjunction with blockade of androgen receptor STAT3 and AKT signaling.
Cancer Sci. 2005;96(7):425-433.

79. Yang Y, Ikezoe T, Nishioka C, et al. NFV; an HIV-1 protease inhibitor, induces
growth arrest, reduced Akt signalling, apoptosis and docetaxel sensitisation in
NSCLC cell lines. Br J Cancer. 2006;95(12):1653-1662.

80. Gupta AK, Cerniglia GJ, Mick R, McKenna WG, Muschel R]. HIV protease

622 Clinical Advances in Hematology & Oncology Volume 17, Issue 11 November 2019



HIV PROTEASE INHIBITORS FOR THE TREATMENT OF MULTIPLE MYELOMA

inhibitors block Akt signaling and radiosensitize tumor cells both in vitro and in
vivo. Cancer Res. 2005;65(18):8256-8265.

81. Gupta AK, Cerniglia GJ, Mick R, et al. Radiation sensitization of human
cancer cells in vivo by inhibiting the activity of PI3K using LY294002. /nt ] Radiat
Oncol Biol Phys. 2003;56(3):846-853.

82. Plastaras JP, Vapiwala N, Ahmed MS, et al. Validation and toxicity of PI3K/
Akt pathway inhibition by HIV protease inhibitors in humans. Cancer Biol Ther.
2008;7(5):628-635.

83. Buijsen J, Lammering G, Jansen RLH, et al. Phase I trial of the combination of
the Akt inhibitor nelfinavir and chemoradiation for locally advanced rectal cancer.
Radiother Oncol. 2013;107(2):184-188.

84. Gills JJ, LoPiccolo J, Tsurutani J, et al. Nelfinavir, a lead HIV protease inhibitor,
is a broad-spectrum, anticancer agent that induces endoplasmic reticulum stress,
autophagy, and apoptosis in vitro and in vivo. Clin Cancer Res. 2007;13(17):5183-
5194.

85. Bono C, Karlin L, Harel S, et al. The human immunodeficiency virus-1 pro-
tease inhibitor nelfinavir impairs proteasome activity and inhibits the proliferation
of multiple myeloma cells in vitro and in vivo. Haematologica. 2012;97(7):1101-
1109.

86. Ikezoe T, Saito T, Bandobashi K, Yang Y, Koeffler HP, Taguchi H. HIV-1 pro-
tease inhibitor induces growth arrest and apoptosis of human multiple myeloma
cells via inactivation of signal transducer and activator of transcription 3 and extra-
cellular signal-regulated kinase 1/2. Mol Cancer Ther. 2004;3(4):473-479.

87. Pore N, Gupta AK, Cerniglia GJ, et al. Nelfinavir down-regulates hypoxia-
inducible factor lalpha and VEGF expression and increases tumor oxygenation:
implications for radiotherapy. Cancer Res. 2006;66(18):9252-9259.

88. Pyrko P, Kardosh A, Wang W, Xiong W, Schénthal AH, Chen TC. HIV-1
protease inhibitors nelfinavir and atazanavir induce malignant glioma death by
triggering endoplasmic reticulum stress. Cancer Res. 2007;67(22):10920-10928.
89. Kraus M, Malenke E, Gogel ], et al. Ritonavir induces endoplasmic reticulum
stress and sensitizes sarcoma cells toward bortezomib-induced apoptosis. Mo/ Can-
cer Ther. 2008;7(7):1940-1948.

90. Besse A, Stolze SC, Rasche L, et al. Carfilzomib resistance due to ABCB1/
MDRI overexpression is overcome by nelfinavir and lopinavir in multiple
myeloma. Leukemia. 2018;32(2):391-401.

91. Briining A, Burger P, Vogel M, et al. Nelfinavir induces the unfolded protein
response in ovarian cancer cells, resulting in ER vacuolization, cell cycle retardation
and apoptosis. Cancer Biol Ther. 2009;8(3):226-232.

92. Kraus M, Miiller-Ide H, Riickrich T, Bader J, Overkleeft H, Driessen C.
Ritonavir, nelfinavir, saquinavir and lopinavir induce proteotoxic stress in acute
myeloid leukemia cells and sensitize them for proteasome inhibitor treatment at
low micromolar drug concentrations. Leuk Res. 2014;38(3):383-392.

93. Kawabata S, Gills JJ, Mercado-Matos JR, et al. Synergistic effects of nelfinavir
and bortezomib on proteotoxic death of NSCLC and multiple myeloma cells. Ce//
Death Dis. 2012;3:€353.

94. Gaedicke S, Firat-Geier E, Constantiniu O, et al. Antitumor effect of the
human immunodeficiency virus protease inhibitor ritonavir: induction of tumor-
cell apoptosis associated with perturbation of proteasomal proteolysis. Cancer Res.

2002;62(23):6901-6908.

95. Sgadari C, Barillari G, Toschi E, et al. HIV protease inhibitors are potent
anti-angiogenic molecules and promote regression of Kaposi sarcoma. Nat Med.
2002;8(3):225-232. doi:10.1038/nm0302-225

96. Barillari G, Iovane A, Bacigalupo I, et al. The HIV protease inhibitor indinavir
down-regulates the expression of the pro-angiogenic MT1-MMP by human endo-
thelial cells. Angiogenesis. 2014;17(4):831-838.

97. Zhang B, Gojo I, Fenton RG. Myeloid cell factor-1 is a critical survival factor
for multiple myeloma. Blood. 2002;99(6):1885-1893.

98. Podar K, Gouill SL, Zhang J, et al. A pivotal role for Mcl-1 in Bortezomib-
induced apoptosis. Oncogene. 2008;27(6):721-731.

99. Dalva-Aydemir S, Bajpai R, Martinez M, et al. Targeting the metabolic plas-
ticity of multiple myeloma with FDA-approved ritonavir and metformin. Clin
Cancer Res. 2015;21(5):1161-1171.

100. McBrayer SK, Cheng JC, Singhal S, Krett NL, Rosen ST, Shanmugam M.
Multiple myeloma exhibits novel dependence on GLUT4, GLUTS8, and GLUT11:
implications for glucose transporter-directed therapy. Blood. 2012;119(20):4686-
4697.

101. Escalante AM, McGrath RT, Karolak MR, Dorr RT, Lynch RM, Landowski
TH. Preventing the autophagic survival response by inhibition of calpain enhances
the cytotoxic activity of bortezomib in vitro and in vivo. Cancer Chemother Phar-
macol. 2013;71(6):1567-1576.

102. Kraus M, Bader ], Overkleeft H, Driessen C. Nelfinavir augments protea-
some inhibition by bortezomib in myeloma cells and overcomes bortezomib and
carfilzomib resistance. Blood Cancer J. 2013;3(3):e103.

103. Xie L, Evangelidis T, Xie L, Bourne PE. Drug discovery using chemical
systems biology: weak inhibition of multiple kinases may contribute to the anti-
cancer effect of nelfinavir. PLoS Comput Biol. 2011;7(4):e1002037.

104. Pore N, Gupta AK, Cerniglia GJ, Maity A. HIV protease inhibitors decrease
VEGF/HIF-1alpha expression and angiogenesis in glioblastoma cells. Neoplasia.
2006;8(11):889-895.

105. Hitz E Kraus M, Pabst T, et al. Nelfinavir and lenalidomide/dexamethasone
in patients with lenalidomide-refractory multiple myeloma. A phase I/II trial
(SAKK 39/10). Blood Cancer J. 2019;9(9):70.

106. Rajkumar SV, Kumar S. Multiple myeloma: diagnosis and treatment. Mayo
Clin Proc. 2016;91(1):101-119.

107. Miguel JS, Weisel K, Moreau D, et al. Pomalidomide plus low-dose dexa-
methasone versus high-dose dexamethasone alone for patients with relapsed and
refractory multiple myeloma (MM-003): a randomised, open-label, phase 3 trial.
Lancet Oncol. 2013;14(11):1055-1066.

108. Jagannath S, Vij R, Stewart AK, et al. An open-label single-arm pilot phase
IT study (PX-171-003-A0) of low-dose, single-agent carfilzomib in patients
with relapsed and refractory multiple myeloma. Clin Lymphoma Myeloma Leuk.
2012;12(5):310-318.

109. Bahlis NJ, Kotb R, Sebag M, et al. Selinexor in combination with bortezomib
and dexamethasone (SdB) demonstrates significant activity in patients with refrac-
tory multiple myeloma (MM) including proteasome-inhibitor refractory patients:

results of the phase I Stomp trial [ASH abstract 977]. Blood. 2016;128(22)(suppl).

Clinical Advances in Hematology & Oncology Volume 17, Issue 11 November 2019 623



