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Abstract: Lung cancer is the leading cause of cancer mortality worldwide in both men
and women. Non-small-cell lung cancer (NSCLC) is the most common type of lung cancer,
accounting for more than 80% of cases. Paclitaxel has a broad spectrum of activity against
various malignancies, including NSCLC. Paclitaxel is poorly soluble in water and thus, until
recently, its commercially available preparations contained a non-ionic solvent Cremophor EL®.
Cremophor EL® improves the solubility of paclitaxel and allows its intravenous administration.
However, certain side-effects associated with paclitaxel, such as hypersensitivity reactions,
myelosuppression, and peripheral neuropathy, are known to be worsened by Cremophor®.
Nanoparticle albumin-bound paclitaxel ([nab-paclitaxel] ABRAXANE® ABI-007) is a new
generation formulation of paclitaxel that obviates the need for Cremophor®, resulting in a
safer and faster infusion without requiring the use of premedications to avoid hypersensitivity.
Albumin-binding receptor-mediated delivery and lack of sequestering Cremophor® micelles
allow higher intratumoral concentration of pharmacologically active paclitaxel. Multiple clini-
cal trials have demonstrated a superior tolerability profile of nab-paclitaxel in comparison to
solvent-bound paclitaxel (sb-paclitaxel). A recent Phase III trial compared the effects of weekly
nab-paclitaxel in combination with carboplatin versus sb-paclitaxel in combination with carbo-
platin given every 3 weeks for first line treatment of NSCLC. This trial highlights the weekly
nab-paclitaxel combination as an alternate treatment option for NSCLC, with higher response
rate in squamous cell NSCLC and longer survival in elderly patients. This review will focus on
the properties of nab-paclitaxel and its use in the first line treatment of NSCLC.
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Introduction

Lung cancer is the second most common cancer and the leading cause of cancer death
globally in men and women.! Approximately 159,480 lung cancer-related deaths are
estimated to occur in 2013 in the United States.! About 80%—-85% of lung cancers
are non-small-cell lung cancer (NSCLC), which include adenocarcinoma, squamous
cell carcinoma, large cell carcinoma, and unclassified NSCLC. Seventy percent of
patients present with advanced stage disease, where response rate to current standard
combination chemotherapy is only 20%—25% and median survival is 10—12 months.?
These statistics demonstrate an unmet need for novel treatment approaches in
metastatic NSCLC. Third generation chemotherapy agents (paclitaxel, docetaxel,
gemcitabine, pemetrexed, or vinorelbine) in combination with a platinum compound
(cisplatin, carboplatin) are the most commonly used backbone regimens for the first
line treatment of advanced NSCLC.? The use of taxanes (especially paclitaxel) is
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complicated by toxicities and solubility issues. Paclitaxel
is a very hydrophobic compound, and the initial US Food
and Drug Administration (FDA)-approved formulation used
Cremophor EL® ([CrEL] polyoxyethylated castor oil [Merck
Millipore, Billerica, MA, USA]) and ethanol as its vehicle
for parenteral administration.* CrEL is primarily responsible
for many side effects observed with solvent-bound (sb)-
paclitaxel. CrEL can lead to: 1) an acute hypersensitivity
reaction, requiring premedication with antihistamines or
corticosteroids; 2) leaching of plasticizers from polyvinyl
chloride (PVC) bags, necessitating the use of non-PVC
infusion systems; 3) potentiation of myelosuppressive and
neurotoxic side effects of paclitaxel, limiting the dose incre-
ments of taxanes; and 4) entrapment of paclitaxel in plasma
within CrEL micelles, resulting in suboptimal delivery of
the drug to the tumor itself.>”7 The introduction of nanopar-
ticle albumin-bound paclitaxel (nab-paclitaxel) provides an
exciting alternative to sb-paclitaxel.* Nab-paclitaxel gained
its initial FDA approval for metastatic breast cancer patients
who failed combination chemotherapy (based on the results
of Phase III trial by Gradishar et al).® It was first introduced
into the market in 2005. Nab-paclitaxel combination with
carboplatin was recently FDA approved in October 2012 for
the first-line treatment of patients with locally advanced or
metastatic NSCLC unfit for surgery or radiation therapy. Nab-
paclitaxel in combination with gemcitabine is currently under
FDA priority review for the frontline treatment of metastatic
pancreatic cancer. In this article, we provide a brief summary
ofthe development of nab-paclitaxel with an emphasis on its
clinical development in NSCLC.

Brief synopsis of nab-paclitaxel
Nab-paclitaxel is a novel 130 nm-albumin bound CrEL-free
preparation of sb-paclitaxel.* It is synthesized by high-
pressure homogenization of paclitaxel in the presence of
serum albumin. This process leads to formation of a nano-
particle colloidal suspension of paclitaxel at an albumin
concentration of 3%-4%.° As opposed to the 3-hour infusion
time of sb-paclitaxel, nab-paclitaxel is usually infused over a
much shorter time (30 minutes). Short infusion time is pos-
sible due to nab-paclitaxel’s smaller reconstituted volume and
reduced risk of hypersensitivity reactions. Figure 1 shows a
pictorial representation of albumin-bound paclitaxel.
Hypersensitivity reactions seen with sb-paclitaxel are
thought to be mediated via Cremophor®. Even though it
has not been unequivocally proven in literature, findings
from multiple studies point towards the plausibility of this
hypothesis.!®!! The reduced hypersensitivity reactions with

Paclitaxel molecule Nab-paclitaxel

Figure | Graphic representation of nanoparticle albumin-bound paclitaxel (nab-
paclitaxel).

use of nab-paclitaxel are most likely a result of the absence
of Cremophor® vehicle in this formulation. Genetaxyl,
a paclitaxel formulation that contains reduced levels of CrEL,
also shows significantly lower hypersensitivity reactions in
comparison to standard taxol.'

Nab-paclitaxel primarily acts like sb-paclitaxel, by
disrupting the microtubular network and inhibiting the cell
division. This mechanism is popularly termed as “frozen
mitosis.” In addition, nab-paclitaxel also has an interesting
mechanism to augment paclitaxel delivery to the tumor
cells, thus providing a distinct advantage over sb-paclitaxel.
Nab-technology utilizes albumin to transport paclitaxel
directly to the cancer cells via receptor-mediated transport
mechanism."* Active transport of albumin across microvessel
endothelial cells occurs via gp60 receptor and subsequent
caveolae formation.!*!> Albumin binding to gp60 receptor on
endothelial cells activates caveolin-1, leading to formation of
vesicles (caveolae) which further transport the albumin-drug
complex across the endothelial cells into the tumor inter-
stitial space.'>!® As a result, nab-paclitaxel allows ten-fold
increase in the binding of paclitaxel to endothelium, four-fold
increase in the transport of paclitaxel across endothelial cell
monolayers, and 33% increase in intratumoral accumula-
tion of paclitaxel.'> Small particle size of the drug perhaps
plays a role in making the transport of nab-paclitaxel across
biological membranes easier and faster, thus leading to more
effective drug transport to tumor cells. Since tumors are sur-
rounded by multiple leaky capillaries with gaps in the range
of 100-800 nm in length, passage of 130 nm-size particles is
easily allowed. Decreased risk of capillary blockage by the
small size of nab-paclitaxel may also contribute to overall
improved delivery to tumors. Nab-paclitaxel also increases
the free paclitaxel fraction in plasma as compared to sb-
paclitaxel since it is devoid of CrEL-induced entrapment of
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paclitaxel within micelles.”'” Cremophor® prevents paclitaxel
distribution out of the vascular compartment into the tissues.
This is because micelles, unlike unbound paclitaxel, are
neither capable of interacting with endothelial receptors nor
diffusing across biological membranes. In contrast, albumin-
bound paclitaxel is transported as a complex via endothelial-
receptor mediated endocytosis and also across the biological
cell membranes. Figure 2 shows the mechanism of delivery
of nab-paclitaxel across the tumor microenvironment.
Higher intratumoral uptake of nab-paclitaxel may, in
part, be a result of overexpression of matricellular albumin-
binding protein (secreted protein acidic and rich in cysteine
[SPARC]) in some malignancies.'®'” SPARC (also called
as osteonectin or basement membrane protein 40) is a
nonstructural matricellular calcium-binding glycoprotein
usually suppressed in mature human tissues. SPARC is
involved in cell-matrix interaction during tissue remodeling
and embryonic development. In SPARC-negative NSCLC
cells, SPARC gene undergoes promoter region hypermethy-
lation, resulting in loss of expression.?’ In SPARC-positive
NSCLC, SPARC is selectively synthesized by the peritu-
moral stromal fibroblasts in the tumor microenvironment,
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Figure 2 Transport of nab-paclitaxel across tumor microenvironment.

with minimal production by the tumor cells themselves.?!
The stromal SPARC expression is strongly associated with
markers of intratumoral hypoxia and acidity, indicating a
possible role in cancer cell invasion. SPARC overexpression
in peritumoral stroma is associated with poor prognosis
in some tumors including NSCLC, pancreatic cancer, and
ovarian cancer.’"? Interestingly, the repression of SPARC
expression in tumor cells by gene hypermethylation is also
associated with poor outcome. Additionally, the induction of
SPARC expression in tumor cells exhibits antiproliferative
effects in some models.?* The disparate effects of SPARC
expression may result from an interplay of a complex
autocrine and/or paracrine mechanism of simultaneous
selective downregulation in tumor cells accompanied
by selective upregulation in adjacent stromal cells. The
context-dependent SPARC signaling along with a lack of a
reproducible assay underlie the difficulty in validating the
role of SPARC as a biomarker of response to nab-paclitaxel,
not to mention the added layer of complexity in predicting
tumor response to paclitaxel itself. While the expression of
SPARC is shown to correlate with antitumor response of
nab-paclitaxel in head and neck cancer, such a correlation
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could not be found in a preclinical evaluation of patient-
derived xenografts in NSCLC.2%%

Preclinical properties

of nab-paclitaxel

Desai et al studied the preclinical properties of nab-paclitaxel
using cell lines from five human solid tumors, ie, lung (H522),
breast (MX-1), ovarian (SK-OV-3), prostate (PC-3), and
colon (HT29).!* These cell lines were propagated in vivo
as solid tumors after subcutaneous implantation of tumors
in female athymic nude mice. The investigators performed
in vitro binding and transport studies and in vivo studies
pertaining to antitumor activity, toxicity, and intratumor pacli-
taxel concentration. Median lethal doses for nab-paclitaxel
and sb-paclitaxel were 47 mg/kg/day and 30 mg/kg/day,
respectively. Mortality in the nab-paclitaxel group was con-
siderably lower in comparison to sb-paclitaxel at 30 mg/kg/day
dose (4% versus 49%, respectively). Maximum tolerated
dose (MTD) for nab-paclitaxel and sb-paclitaxel were
30 mg/kg/day and 13.4 mg/kg/day, respectively, and these
doses were also equitoxic with 4% mortality in each group.
Out of the five tumor cell lines, the lung tumor xenograft
was the most sensitive to both drug formulations, producing
maximum antitumor activity. Maximum tumor free survival,
longest tumor doubling times, and lowest tumor volumes
were seen with lung cancer. The order of sensitivity was
lung > breast = ovary > prostate > colon. Even though the
mean lung tumor volumes were lower in nab-paclitaxel when
compared to sb-paclitaxel, this difference was not statistically
significant and neither was the difference in any other measure
of antitumor activity. Significant difference between the two
formulations of paclitaxel was, however, observed in the other
four tumor xenografts. Maximum difference between the two
drugs was seen in breast and ovarian tumor xenografts. When
studied at equitoxic dose, nab-paclitaxel treatment resulted
in comparatively greater tumor volume regression, median
time to tumor recurrence, tumor doubling time, and higher
percentage of tumor-free survivors.

With equal doses of paclitaxel, partitioning of drug into the
tumor tissue was much more rapid with nab-paclitaxel with
an absorption constant 3.3-fold greater than sb-paclitaxel.
Apparent difference in intratumor paclitaxel concentration
was seen at the first time point sampled (5 minutes), which
became maximal at the 3-hour sampling point. Overall, the
tumor paclitaxel area under the curve (AUC) was 33% higher
for nab-paclitaxel compared to sb-paclitaxel. The authors also
performed the in vitro endothelial cell binding and transport
studies to investigate the potential mechanisms for increased

intratumor paclitaxel concentration. Endothelial cell binding
of paclitaxel was 9.9-fold higher and transport of paclitaxel
across an endothelial cell monolayer was 4.2-fold higher
with nab-paclitaxel. These experiments were performed
on human umbilical vascular endothelial cells and human
lung microvessel endothelial cells. An inhibitor of caveolae-
mediated transcytosis, methyl -cyclodextrin, completely
suppressed endothelial transcytosis of nab-paclitaxel. With
progressively higher doses of CrEL, endothelial cell bind-
ing of sb-paclitaxel was increasingly inhibited (inhibitory
concentration 50 [IC, ] 0.010%), with complete inhibition
occurring at CrEL concentration of 0.1%. Similar inhibition
by CrEL was also noticed for paclitaxel binding to albumin
(IC, 0.0017%); this occurred at a CrEL level much below
clinically relevant concentration.

Ng et al showed in their in vitro experiment that clini-
cally relevant concentrations of CrEL nullifies the antian-
giogenic activity of paclitaxel.?® However, the same group
of investigators in another in vitro study with nab-paclitaxel
demonstrated significant inhibition of rat aortic prolifera-
tion, human umbilical vascular endothelial cell proliferation,
and tube formation, implicating much improved anti-
angiogenic activity of nab-paclitaxel when compared to
sb-paclitaxel.?

Other tumors: SPARC expression

and role of nab-paclitaxel

Besides NSCLC, studies have reported tumor associated
SPARC overexpression in various other malignancies.
These include malignancies of esophagus,??’ stomach,>2
pancreas,*>** breast,* ovaries,* urinary bladder,’” head
and neck,” and melanomas.*® In studies testing SPARC
expression in these tumors, SPARC was frequently immu-
nolocalized in stromal fibroblasts but tumor cells did not
overexpress SPARC. In the above mentioned malignancies,
SPARC is rather underexpressed in tumor cells in comparison
to normal tissue. Various authors have reported the impact of
SPARC overexpression in tumor stroma on effectiveness of
chemotherapy.®“° Higher level of stromal SPARC expression
in tumors may lead to chemotherapy failure due to increased
“activated fibroblasts.”*! These activated fibroblasts lead to
the formation of dense stroma that prevents the penetration
of chemotherapeutic agents.*' However, tumors with stromal
SPARC overexpression respond better to albumin-bound
paclitaxel. Due to SPARC protein’s property to easily bind
albumin, albumin-bound paclitaxel penetrates the tumor
better in comparison to other chemotherapeutic agents.
Nab-paclitaxel, therefore, has a potential to be effective in
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SPARC (stromal) overexpressing tumors, which are usu-
ally associated with poor prognosis. As mentioned earlier,
some preliminary studies involving breast cancer and head
and neck cancer have proved this hypothesis by showing a
direct correlation with level of SPARC expression and tumor
response to treatment with nab-paclitaxel. Future studies are
warranted to confirm these findings and to investigate how
other SPARC overexpressing tumor types, like gastrointes-
tinal, ovarian, bladder, and melanomas, respond to treatment
with nab-paclitaxel.

Clinical studies

Phase | and pharmacokinetic studies
Summaries of the safety and efficacy endpoints reported in
the trials discussed below are presented in Tables 1 and 2. The
first Phase [ trial of nab-paclitaxel used a monotherapy regi-
men given once every 21 days. It was performed in 19 patients
with advanced solid malignancies who had disease pro-
gression following standard treatment. Dexamethasone or
antihistamine premedication was not used prior to treatment
with nab-paclitaxel.’ No acute hypersensitivity reactions were
noticed. Sensory neuropathy, stomatitis, and superficial ker-
atopathy were the dose limiting toxicities (DLT) observed in
this study. Most adverse effects were dose-dependent. MTD
of nab-paclitaxel was found to be 300 mg/m?* infused over
30 minutes every 3 weeks. In comparison, the extent of hyper-
sensitivity reactions in the absence of routine premedication
and with short infusion courses constituted a treatment-
limiting toxicity in the early development of sb-paclitaxel.*
In addition, the MTD of sb-paclitaxel when administered with
hypersensitivity premedications was 225 mg/m? infused over
6 hours once every 3 weeks.*

Another Phase I study of nab-paclitaxel monotherapy
explored a different schedule of weekly drug administration,
ie, three once-weekly doses, followed by 1 week off treat-
ment, repeated every 4 weeks.* In this study, 39 patients with
advanced nonhematologic malignancies received nab-pacli-
taxel without premedication at doses ranging from 80 mg/m?
to 200 mg/m? as a 30-minute infusion. Patients were divided
into two groups according to their prior treatment history.
Patients were considered to be heavily pretreated (HP) if they
had received one or more of the following: = six cycles of
an alkylating agent; = two cycles of carboplatin or mitomy-
cin; irradiation of >25% of bone marrow-containing areas;
any nitrosoureas; high-dose therapy requiring bone marrow
transplantation or peripheral stem-cell support; or > one
cycle of an investigational agent known to cause cumulative
toxicity. Also, patients with widely metastatic bone disease,

with or without marrow involvement, were considered HP.
Patients not meeting any criteria for HP were considered to
be lightly pretreated. MTD and DLTs in HP patients were
100 mg/m? and grade 4 neutropenia, respectively. MTD in
lightly pretreated patients was 150 mg/m? and DLT was grade
3 peripheral neuropathy. Partial responses were observed in
five patients with lung, breast, and ovarian cancers, all of
whom were previously treated with sb-paclitaxel.

An evaluation of effects of nab-paclitaxel as a combina-
tion chemotherapy in thoracic malignancies was reported
by Stinchcombe et al.* This Phase I study investigated the
combination of nab-paclitaxel with gemcitabine and included
patients with NSCLC (n=8), small-cell lung cancer (n=6),
and esophageal cancer (n=1), who had received = three
prior cytotoxic chemotherapy regimens. DLTs in the study
were neutropenia, rash/pruritus, and fatigue/anorexia. MTD
was determined to be nab-paclitaxel 300 mg/m? on day 1 in
combination with gemcitabine 1,000 mg/m? on days 1 and
8 every 21 days.

Difference in the formulation of paclitaxel also impacts
its clinical pharmacokinetic features. Aggregate results
from the Phase I studies of nab-paclitaxel demonstrated
a large volume of distribution (Vd), suggesting extensive
extravascular distribution and tissue binding.>!7* The
mean AUC increases proportionately with the increase in
dose of nab-paclitaxel, implicating linear pharmacokinet-
ics.” In contrast, sb-paclitaxel has a nonlinear pattern of
pharmacokinetics.”*” In the Phase I study by Ibrahim et al,
authors report slightly lower mean AUC in nab-paclitaxel
when compared to sb-paclitaxel.’ The entrapment of pacli-
taxel within CrEL micelles is apparently the reason for the
much smaller Vd, nonlinear pharmacokinetics, and higher
AUC of sb-paclitaxel.!”*® With increase in the dose of sb-
paclitaxel, a greater proportion of paclitaxel is entrapped
within CrEL micelles and, therefore, less free drug is avail-
able for elimination.*’ This leads to poor clearance and higher
systemic toxicities from prolonged exposure to the drug in
case of sb-paclitaxel. Nab-paclitaxel has a mean drug clear-
ance and Vd of approximately 21 L/hour/m? and 660 L/m?,
respectively, both of which are about 50% higher than those
of sb-paclitaxel.!” However, the terminal half-life of nab-
paclitaxel is no different than sb-paclitaxel (approximately
21 hours for both)."” Phase I studies of nab-paclitaxel also
report a higher MTD compared to sb-paclitaxel (300 mg/m?
as a 30 minute infusion given every 21 days versus 250 mg/
m? as a 3 hour infusion given every 21 days, respectively).’
The higher MTD in nab-paclitaxel is a reflection of its
improved safety profile.
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Cytochrome P450 system is involved in metabolism
of nab-paclitaxel, similar to all other taxanes.®® Since
nab-paclitaxel is largely metabolized by CYP2CS, it theo-
retically possesses a high likelihood of multiple drug-drug
interactions. For example, pegylated liposomal doxorubicin
has been shown to produce higher plasma levels when coad-
ministered with paclitaxel.’’ However, one should remember
that, in the setting of lack of direct confirmatory drug inter-
action studies of nab-paclitaxel, these interactions are only
based on assumption from extrapolation of paclitaxel interac-
tions. Moreover, the drug-drug interaction may not always
be clinically relevant (eg, minimal pharmacokinetic changes
from clindamycin-paclitaxel combination and minimally
increased plasma paclitaxel when given in combination with
pazopanib).>>>3 In patients with hepatic dysfunction, the same
dose modification scheme recommended for sb-paclitaxel is
safe and feasible for nab-paclitaxel.’*

Phase Ib/Il studies

The initial Phase II nab-paclitaxel monotherapy study investi-
gated the efficacy and safety of 260 mg/m? administered every
3 weeks as first-line therapy in patients with NSCLC.> This
study included 43 patients and showed overall response rate
(ORR) of 16%, disease control rate of 49%, median time to
progression (TTP) of 6 months, and median overall survival
(OS) of 11 months. Despite the lack of premedication, no
hypersensitivity reactions were noticed similar to previous
Phase I studies. Dose reductions were not needed for 95%
of patients treated. Five percent of patients discontinued
the treatment owing to treatment-related toxicities whereas
none of the patients had grade 4 treatment-related toxicity.
In comparison, another Phase I/II study investigated nab-
paclitaxel monotherapy with dose schedule of day 1, §, and
15 of a 28-day cycle.’® MTD was 125 mg/m? and a total of
40 patients were treated at this dose. The study outcomes
included ORR of 30%, median TTP of 5 months, and a
median OS of 11 months. Lastly, a Phase II trial of weekly
nab-paclitaxel monotherapy showed that increasing the
infusion time from 30-minutes to 2 hours decreased grade 2
neuropathy compared to standard 30-minute infusion (28%
versus 55%, P=0.04). The median survival of 11 months was
the same for both groups.’’

As itis anticipated that the combination of nab-paclitaxel
with carboplatin will have synergistic antitumor efficacy,
the combination of carboplatin with various schedules of
nab-paclitaxel administration was evaluated by several inves-
tigators. Allerton et al presented the preliminary results in
2006 of their Phase II study on the effect of nab-paclitaxel in

combination with carboplatin in 56 advanced chemotherapy-
naive NSCLC patients.*® In this trial, patients received treat-
ment with nab-paclitaxel 100 mg/m? on days 1, 8, and 15
4-weekly, in combination with carboplatin AUC 6 3-weekly.
An ORR 0f47% in 51 evaluable patients was achieved, with
median TTP of 23 weeks. OS was not reported in the abstract.
Toxicities were mainly hematological. Adverse effect profile
showed significant grade 3 or more toxicities as neutropenia
(30%), thrombocytopenia (18%), and anemia (7%), but
no grade 3 or 4 neuropathy. Socinski et al also conducted
a dose-finding study of the combination of nab-paclitaxel
with carboplatin prior to evaluation in the Phase III trial
setting.” The Phase I study enrolled 175 patients in the
study sequentially into seven cohorts, each cohort consisting
of seven patients. Cohorts one to four received q3-weekly
(administered once every 3 weeks) nab-paclitaxel whereas
cohorts five to seven received once weekly nab-paclitaxel.
The most common treatment-related = grade 3 toxicities
included neutropenia (60%), neuropathy (19%), fatigue
(9%), and thrombocytopenia (29%). As shown in Table 2,
nab-paclitaxel at 100 mg/m? weekly dose in combination with
carboplatin AUC 6 was the least toxic of all the doses and
schedules tested in the trial. Response rate was also found to
be greater in once weekly versus q3-weekly cohorts as shown
in Table 1 (47% versus 30%, respectively). Patients receiving
100 mg/m? weekly nab-paclitaxel achieved a 47% ORR with
comparable survival endpoints. This weekly dose schedule
was thus selected for further study in the Phase I1I trial to be
discussed below. A Phase Ib study of this dose schedule was
subsequently performed in a group of 18 Japanese patients
with chemotherapy-naive advanced NSCLC.% No substantial
pharmacokinetic interactions were noticed in the study with
the combination. Among the 18 evaluable patients, ORR of
38.9% was reported with toxicity profile similar to the ones
reported by Socinski et al.*’

A combination of nab-paclitaxel 300 mg/m?, carboplatin
AUC 6, and bevacizumab 15 mg/kg every 21 days was investi-
gated in a Phase II setting by Reynolds et al as front line treat-
ment of advanced (stage IIIB, IV) non-squamous NSCLC.*!
This study enrolled a total of 50 patients and a response rate
of 31% and stable disease rate of 54%. The median OS of
16.8 months and median progression-free survival (PFS) of
9.8 months reported are among the highest seen compared
to other bevacizumab-combinations reported in NSCLC.%2-¢7
Hence, one may acknowledge that these Phase II data may
be skewed to show better results due to patient selection and
the caveats of cross-trial comparisons. However, quality of life,
using the FACT-Taxane scale, decreased significantly over the
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course of the study, except for the emotional well-being domain,
which increased throughout the first five cycles of treatment.
Febrile neutropenia rate of 10% was also higher than the 5%
reported in carboplatin/sb-paclitaxel/bevacizumab group in
Eastern Cooperative Oncology Group 4599 (ECOG 4599)
study,> and 0% in carboplatin/nab-paclitaxel in Socinski’s
Phase I study. Somewhat counterintuitively, the incidence of
grade 3 or 4 peripheral neuropathy or thrombocytopenia was
only 4% and 10%, respectively, much lower in comparison
to the corresponding non-bevacizumab cohort reported by
Socinski et al® treated with otherwise the same dose schedule
(see Table 2). Specific outcomes in the elderly population were
not reported in this study wherein median age of participants
was 67 years. This is of particular relevance as subset analyses of
=70 years old patients in ECOG 4599 showed higher incidence
of severe neutropenia, bleeding, and proteinuria compared to
younger patients who received bevacizumab.®

Lastly, investigators at University of California Davis
Center recently reported results from their Phase I/II study
in frontline treatment of NSCLC.% Regimen used was nab-
paclitaxel combination with pemetrexed (a non-platinum
containing regimen) and primary endpoint was ORR =25%.
This study closed prematurely due to difficulty in accrual, as
pemetrexed was eventually approved for use in the first-line
setting. At the recommended dose-schedule of pemetrexed
500 mg/m? and nab-paclitaxel 260 mg/m? administered once
every 21 days, the Phase II portion reported a response rate
of 14% with median OS of 8.7 months.

Phase Ill study

The pivotal Phase III prospective open label clinical trial
enrolled 1,052 chemo-naive patients with stage I1IB-1V
NSCLC. Patients were randomized to receive either nab-
paclitaxel 100 mg/m? intravenous infused over 30 minutes
weekly (n=521) or sb-paclitaxel 200 mg/m? intravenous
infused over 3 hours once every cycle, both in combination
with carboplatin AUC 6 every 3 weeks (n=531).”° This was
amulticenter study involving patients from Russia, Ukraine,
The United States, Japan, and Australia. The patients in the
treatment arms were well balanced. The primary endpoint
of the trial was objective ORR and the secondary endpoints
were PFS and OS. The median number of cycles was six
in both the treatment arms. The primary efficacy endpoint
analysis showed that nab-paclitaxel achieved statistically
significant ORR in all patients as compared to sb-paclitaxel
(33% versus 25%, respectively; P=0.005). Nab-paclitaxel
arm showed a 10% improvement in OS (12.1 months versus
11.2 months; P=0.271) and 10% improvement in PFS

(6.3 versus 5.8 months; P=0.214) when compared to sb-
paclitaxel arm. However, none of these outcome differences
achieved statistical significance.

Interesting findings were noted when subgroup analyses
was performed based on histology, age, and geographic
location. In patients with squamous histology, significantly
increased ORR was seen in the nab-paclitaxel versus sb-
paclitaxel arm (41% versus 24%, respectively; P<<0.001).77!
The superior ORR reported here is one of the highest ever
reported ORR in squamous NSCLC. The reason for improved
response rate of nab-paclitaxel in squamous NSCLC remains
unclear. In patients with non-squamous NSCLC, nab-pacli-
taxel was found to be as effective as sb-paclitaxel (ORR 26%
versus 25%, respectively; P=0.808).

OS was not different among the two arms when evalu-
ated in all the study patients. OS within different histological
subtypes was also similar within the two treatment groups.
Interestingly, patients >70 years old (n=156) showed a sig-
nificantly longer OS with nab-paclitaxel versus sb-paclitaxel
(19.9 versus 10.4 months, respectively; P<<0.009).7%> OS
was largely similar between the two groups at different
centers where this clinical trial was conducted, except for
a significant difference noticed in North America. Patients
from North America had improved OS when treated with
nab-paclitaxel versus sb-paclitaxel (12.7 versus 9.8 months,
respectively; P=0.008).

As summarized in Table 2, the incidence of various toxici-
ties was significantly different between the two arms. Grade
3 or 4 neutropenia was lower in the nab-paclitaxel arm com-
pared to sb-paclitaxel arm (47% versus 58%, respectively;
P<0.001%). However, febrile neutropenia rates were similar.
Moreover, despite higher grade 3 or 4 anemia or thrombocy-
topenia, these events were manageable (eg, anemia was easily
corrected with a single blood transfusion) and without clini-
cally significant sequelae (eg, thrombocytopenia did not lead
to increased rates of hemorrhages). Nab-paclitaxel arm was
also shown to have fewer cases of grade 3/4 neuropathy, myal-
gia, and arthralgia when compared to sb-paclitaxel arm. All
grade sensory neuropathy was less frequent in nab-paclitaxel
arm when compared to sb-paclitaxel arm (46% versus 62%,
respectively; P<<0.001). It is unclear if the decreased neu-
ropathy in nab-paclitaxel arm is due to nab-paclitaxel being
less neuropathic (due to absence of Cremophor®), weekly
schedule being more favorable, or a combination of both.
This study did not utilize a double-blind design and thus has a
potential bias in toxicity assessment. The Functional Assess-
ment of Cancer Therapy (FACT)-Taxane questionnaire’ was
administered to the study participants to assess quality of life.
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Ninety-eight percent completed the questionnaire at baseline
and 94% had follow-up assessment. Nab-paclitaxel was
associated with significant improvements in the neuropathy
subscale (P<<0.001), the pain subscale (P<<0.001), and the
hearing loss subscale (P=0.002) when compared to the sb-
paclitaxel. There were also fewer interruptions in daily life
in the nab-paclitaxel arm. While weekly sb-paclitaxel has
less toxicity and higher efficacy in breast cancer compared
to every 3-week sb-paclitaxel, improved survival has not
been demonstrated in NSCLC. NSCLC lacks randomized
studies to compare effectiveness between the Socinski Phase
T regimen (weekly nab-paclitaxel and carboplatin) versus
weekly sb-paclitaxel and carboplatin combination.

Conclusion and future perspective
Nab-paclitaxel is a novel next generation taxane that uses
nanoparticle albumin-bound-technology to enhance the
efficacy and safety of conventional paclitaxel. It has a nano-
particle structure and ability to adhere to specific albumin
binding receptors in the vascular endothelial cells. These
properties allow the delivery of higher doses and increased
intratumoral concentration of paclitaxel. There are several
practical advantages of nab-paclitaxel over the Cremophor
EL®-paclitaxel: namely, it circumvents the need to administer
corticosteroids or antihistamine premedications for preven-
tion of hypersensitivity reactions, the infusion time is much
shorter (30 minutes), and it does not require special equip-
ment like non-PVC infusion systems. A recent Phase III study
paved the way to nab-paclitaxel FDA approval as a first-line
option in NSCLC. This study showed a favorable risk-benefit
ratio in all patients, improved ORR in patients with squamous
histology, and superior OS in patients =70 years of age.
Even though the cumulative dose of paclitaxel was higher
in nab-paclitaxel group compared to sb-paclitaxel group, the
former was still better tolerated without any premedications.
Moreover, the incidence of grade =3 neuropathy, a frequent
cause of discontinuation or dose reduction in patients receiv-
ing taxane chemotherapy, is found to be much lower in nab-
paclitaxel (compared to conventional paclitaxel).

Studying the outcomes of nab-paclitaxel in combination
with other chemotherapy agents and/or radiation in the frontline
setting is also warranted in future clinical trials. Investigators
from University of Texas Southwestern medical center are con-
ducting a Phase I/II trial to study the effects of nab-paclitaxel
versus sb-paclitaxel (in combination with carboplatin and
concurrent radiation) followed by consolidation in stage IIIA/B
NSCLC.” The Cancer and Leukemia Group B (CALGB) has
completed accrual of patients to a single-arm Phase II study

combining nab-paclitaxel and carboplatin as induction regimen
followed by radiotherapy and erlotinib in poor risk stage III
NSCLC.™ In the second-line setting, an ongoing multicenter
Phase II study is evaluating the safety and efficacy of weekly
nab-paclitaxel in elderly patients with NSCLC.” University of
Washington Center Consortium is performing another Phase
1T study of weekly nab-paclitaxel in advanced NSCLC patients
with epidermal growth factor receptor (EGFR) mutations, who
already had disease progression with EGFR tyrosine kinase
inhibitors.” The effects of albumin-bound paclitaxel in a neo-
adjuvant setting in NSCLC are also being explored. A group
of Chinese investigators is recruiting participants in a stage
[IB/IIA study of squamous NSCLC patients. This trial stud-
ies the outcomes of carboplatin combination with nab-versus
sb-paclitaxel in a neoadjuvant setting.””

Many tumor biomarkers in NSCLC are being studied
to explore their predictive value for responsiveness to spe-
cific treatments. Several biomarkers such as EGFR exon
deletion/mutation, anaplastic lymphoma kinase gene rear-
rangement, and ROS/ gene rearrangement are recognized
to have predictive value for specific targeted agents in
NSCLC. These biomarkers are now routinely assessed as
they impact treatment decisions. However, no biomarker has
been proven to have a predictive value for either paclitaxel
or nab-paclitaxel. Multiple biomarkers have been inves-
tigated for their potential to predict treatment outcomes
with paclitaxel in various malignancies, including NSCLC.
Checkpoint gene with forkhead-associated domain and
ring finger gene methylation is significantly related to high
sensitivity to paclitaxel.”® A preclinical study with NSCLC
cell lines suggested high ATP binding cassette BI(ABCB1)
mRNA expression as a predictive biomarker for poor chemo-
sensitivity to paclitaxel.” High beta-3 tubulin expression
is correlated with poor prognosis and resistance to chemo-
therapy in general, but lacks a specific predictive value for
paclitaxel versus gemcitabine.*® A recent randomized Phase
II trial studied the outcome of NSCLC treatment with either
ixabepilone or paclitaxel containing regimens when strati-
fied by beta-3 tubulin.®! The results showed no predictive
value of beta-3 tubulin in differentiating clinical activity of
paclitaxel or ixabepilone containing regimens. These few
examples highlight the challenges as well as unmet need in
this specific area. As discussed earlier, developing an assay
to test for SPARC continues to be fertile ground for research.
However, validation of this assay may be difficult due to
biological complexities and technical challenges. Future
direction in this field warrants further identification and
prospective validation of a biomarker that can help identify
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NSCLC patients who would derive the most benefit from

nab-paclitaxel.
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