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Abstract. Aim: To investigate the efficacy and safety of
nanoparticle albumin-bound paclitaxel (nab-paclitaxel) for
locally advanced or metastatic non-small cell lung cancer
(NSCLC) as second-line chemotherapy. Patients and
Methods: We retrospectively reviewed the treatment of 34
patients with advanced NSCLC whose first-line treatment
had failed. These patients received nab-paclitaxel 260 mg/m2
on day 1 and day 8 of a 21-day cycle from July 2014 to
February 2016. One cycle of treatment lasted 3 weeks and
all patients completed more than two cycles. All patients
were assessed for adverse events related to treatment.
Results: No patient achieved complete response (CR); 12
patients reached partial response (PR), 12 patients achieved
stable disease (SD) and 10 patients progressive disease
(PD). The overall response rate (ORR) was 35.3% and the
disease control rate (DCR) 70.6 %. There was no significant
difference in either ORR or DCR within the subgroups. The
median progression-free survival (PFS) was 5.7 months
(95% confidence interval (CI)=3.8-7.6) and the median
overall survival (OS) was 9 months (95% CI=8.3-9.7). There
was no statistical difference in OS (p=0.066), but subgroup
analysis showed that patients with squamous carcinoma
benefited more in PFS (the median PFS of squamous
carcinoma vs. adenocarcinoma was 7.3 months vs. 5 months,
p=0.001). Major adverse events included myelosuppression,
gastrointestinal  response,  baldness, myalgia and
neurotoxicity. Hypersensitivity reactions were not reported.
Conclusion: Nab-paclitaxel is an effective chemotherapy for
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locally advanced and metastatic NSCLC as treatment and
has a superior application prospect for squamous NSCLC.
Toxicity is generally mild and manageable.

Lung cancer has become one of the leading causes of death
worldwide. Most patients diagnosed with non-small cell lung
cancer (NSCLC) already have advanced disease, with
approximately 1.4 million patients dying of NSCLC every
year (1). Recurrence and metastasis usually occur in
advanced NSCLC after standard first-line therapy. Second-
line therapies, despite fast development, are targeted,
generally specific for certain subgroups and, thus, remain
expensive. Chemotherapy is still important as second-line
treatment for locally advanced and metastatic NSCLC and
taxanes, such as paclitaxel and docetaxel, play important
roles in the second-line treatment of NSCLC. However, both
require solvents, which have been associated with drug
delivery issues, hepatic toxicity, hypersensitivity reactions
and peripheral neuropathy. These toxic effects may lead to
decreased dosage and interruption of chemotherapy, thus
reducing efficacy. Therefore, chemotherapy drugs that have
greater efficacy and lower toxicity profiles are required for
patients with advanced NSCLC.

Nanoparticle albumin-bound paclitaxel (nab-paclitaxel) is
a new type of paclitaxel that, compared to conventional
solvent-based paclitaxel, has many advantages, such as
higher efficiency, lower toxicity and more usage
convenience. This is mainly due to the fact that nab-
paclitaxel is comprised of albumin and paclitaxel to form
nanoparticles devoid of any solvents or ethanol, thus greatly
reducing the chances of allergic reactions and toxicity and
therefore cancelling the need of any pre-medications given
prior to its administration. Based on this background, 34
patients with locally advanced and metastatic NSCLC whose
first-line chemotherapy failed were enrolled in this study
between July 2014 and February 2016. They were treated
with nab-paclitaxel at the Yuhuangding Hospital of Yantai.
This study analyzed the clinical efficacy and adverse effects
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Table 1. Clinical features of the 34 investigated patients.

Clinical features N Percentage
Gender

Male 26 76.47

Female 8 23.53
Age

<65 20 58.82

>65 14 41.18
ECOG

0-1 15 44.12

2 19 55.88
Smoking status

Smoking 16 47.06

Non-smoking 18 52.94
Pathology

Adenocarcinoma 22 64.7

Squamous carcinoma 12 353
Clinical stage

Stage 111 5 14.7

Stage IV 29 853
Previous taxane

Yes 14 41.18

No 20 58.82
Previous radiotherapy

Yes 13 38.23

No 21 61.77

ECOG, Eastern Cooperative Oncology Group.

of nab-paclitaxel, as second-line therapy, in patients with
advanced NSCLC.

Materials and Methods

Entry criteria. (i) Age =18 years and patients who had histologically
confirmed NSCLC. All tumors of these patients were assessable by
computed tomography (CT) scan. (ii) Eastern Cooperative Oncology
Group (ECOG) score of 0~2. (iii) Patients who failed their first-line
therapy. (iv) Patients who had recovered from the toxic effects of
any previous treatment. (v) Normal routine blood tests with liver
and kidney functions <2.5 and <1.5 times of the normal range,
respectively. (vi) Life expectancy of more than three months. (vii)
Signed consent for chemotherapy before treatment.

Clinical data. According to the entry criteria, 34 cases (26 male and
8 female) of advanced NSCLC were enrolled in this study at the
Oncology Department of Yuhuangding Hospital, Yantai, China
(Table I). Five cases were in stage III, whilst 29 cases in stage IV.
Sixteen patients had a history or smoking and the other 18 were
non-smokers. Of the 34 cases, 12 were squamous cancer and 22
cases adenocarcinoma. Fourteen cases had previously received
taxanes and 20 cases had not.

Methods. Patients were given nab-paclitaxel at a dose of 260 mg/m?
on day 1 and day 8 of every 21 days. Treatment was repeated every
three weeks, unless adverse toxicity or disease progression occurred
or if the patient refused to continue treatment. When adverse effects
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Table II. Correlation between clinical features and short-term effect of
nab-paclitaxel for advanced NSCLC as a second-line chemotherapy.

CR PR SD PD ORR p-Value DCR p-Value

Gender

Male 0 10 9 7 10 0486 19 0.566
Female 0o 2 3 3 2 5

Age

<65 0 6 8 6 6 044 14 0928
>65 0 6 4 4 6 10
ECOG

0-1 0 4 5 6 4 035 9 0.229
2 0 8 7 4 8 15
Smoking status

Smoking 0O 6 5 5 6 08 11 0.824
Non-smoking 0O 6 7 5 6 13
Pathology

Adenocarcinoma 0 10 8 4 10 0.093 18 0.052
Squamous carcinoma 0 2 4 6 2 6

Clinical stage

Stage III 0o 2 3 0 2 0812 5 0.118
Stage IV 0 10 9 10 10 19
Previous taxane

Yes 0 4 5 5 4 0493 9 05
No 0o 8 7 5 8 15
Previous radiotherapy

Yes 0 4 5 4 4 0664 9 0891
No 0 8 7 6 8 15

NSCLC, Non-small cell lung cancer; ECOG, Eastern Cooperative
Oncology Group; CR, complete response; PR, partial response; SD,
stable disease; PD, progressive disease, ORR, overall response rate,
DCR, disease control rate.

of nab-paclitaxel appeared, suspension or reduction of the drug dose
was permitted. The efficacy was evaluated every two cycles by
imaging examinations and recording objective lesions, quality of
life and adverse reactions. Hematologic examinations were
performed routinely during the treatment with nab-paclitaxel.

Assessment and adverse reactions. (a) Short-term effects: The
objective efficacy was evaluated by the Response Evaluation
Criteria in Solid Tumors (RECIST) 1.1. The therapeutic evaluation
included complete response (CR), partial response (PR), stable
disease (SD) and progressive disease (PD). CR plus PR represented
overall response rate (ORR), CR plus PR and SD represented
disease control rate (DCR).

(b) Long-term effects: progression-free survival (PFS) was
defined as the time from the first use of nab-paclitaxel to progression
of disease. Overall survival (OS) was defined as the time from the
first use of the drug to death or the date of the last visit.

(c) The evaluation of adverse events relied on the NCI Common
Toxicity Criteria (CTC) Version 4.0.

Follow-up. The follow-up time was from the time patients enrolled
in the study to December 31, 2016.

Statistical analysis. SPSS 22 software (IBM, Armonk, NY, USA)
was used for statistical analysis. Correlation between clinical
characteristics and effects was analyzed using a %2 test.
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Figure 1. Progression-free survival (PFS) of 34 patients who received
nab-paclitaxel as second-line chemotherapy. The median PFS was 5.7
months (95% confidence interval (CI)=3.8-7.6).

Kaplan-Meier was used to draw the survival curve. A value of
p<0.05 was considered to be statistically significant.

Results

Short-term effects. Thirty-four patients completed a total of
154 cycles of chemotherapy; the median chemotherapy
cycles completed were 4. All patients were evaluated with
outcomes of which no patient had CR; 12 patients had PR
(35.3), 12 patients had SD (35.3%), 10 patients had PD
(29.4%). The ORR was 35.3%, while the DCR was 70.6%.
According to the analysis, there was no significant difference
in subgroups in either ORR or DCR. Table II shows
correlation between clinical features and short-term effect of
nab-paclitaxel as second-line chemotherapy for advanced
NSCLC.

Long-term effects. The median PFS was 5.7 months (95%
confidence interval (CI)=3.8-7.6; Figure 1) and the median OS
was 9 months (95% CI=8.3-9.7; Figure 2). Subgroup analysis
showed that patients with squamous lung carcinoma benefited
more in PFS compared to patients with adenocarcinoma (the
median PFS of squamous carcinoma vs. adenocarcinoma was
7.3 months vs. 5 months, p=0.001; Figure 3). In contrast, no
similar result was found in OS (p=0.066).
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Figure 2. Overall survival (OS) of 34 patients who received nab-
paclitaxel as second-line chemotherapy. The median OS was 9 months
(95% confidence interval (CI)=8.3-9.7).

Adverse drug reaction. According to our review, treatment-
related toxicities were tolerable. The most common toxicity was
hematological toxicity, including neutropenia (52.9%) and
thrombocytopenia (23.5%). Other adverse effects were
peripheral neuropathy (14.7%), gastrointestinal response
(20.6%), myalgia (17.6%) and baldness (20.6%). This was
similar with phase III trials of nab-paclitaxel combination
regimens in patients with unselected advanced NSCLC(2). Four
cases (11.76%) had grade III/IV adverse reactions. No febrile
neutropenia was observed. Most of these adverse events, except
baldness, were easily managed. No serious adverse event or
hypersensitivity occurred during the study. Table III shows the
adverse effects of nab-paclitaxel experienced by the 34 patients.

Discussion

The incidence and mortality of lung cancer is high in China,
with 75-80% of the patients being diagnosed as NSCLC (3).
Most of these are inoperable due to the advanced disease
stage at time of diagnosis. Advanced lung cancer is prone to
recurrence and metastasis and most patients receive
treatment beyond first-line recommendation.

Paclitaxel is widely used for the treatment of NSCLC as
second-line chemotherapy; however, this treatment is
commonly associated with adverse events.
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Figure 3. Progression-free survival (PFS) of patients with squamous
carcinoma and adenocarcinoma who received nab-paclitaxel as second-
line chemotherapy. The median PFS of squamous carcinoma vs.
adenocarcinoma was 7.3 vs. 5 months, p=0.001.

Standard paclitaxel has a high degree of hydrophobicity and
needs poly-oxy-ethylated castor oil as a solvent. The poly-oxy-
ethylated castor oil is commonly associated with hypersensitivity
reactions (4-6), peripheral neuropathy, hepatic toxicities and
impaired drug delivery (7) for which pretreatment hormone
therapy, limited dosage and safety awareness are needed. Some
studies have reported that poly-oxy-ethylated castor oil can
entrap paclitaxel on solvent micelles making it difficult for the
drug to penetrate tumors (6-9).

Nab-paclitaxel is a new paclitaxel and its tolerability,
bioavailability and efficacy have been improved compared
to standard paclitaxel (10). Nanoparticles of albumin-
paclitaxel are absorbed by tumor cells from which paclitaxel
is subsequently released to kill tumor cells (11). Compared
with standard paclitaxel, nab-paclitaxel has an average
particle size of 130 nm with minimal risk of capillary
blockage (12) and enhances delivery of the cytotoxic agent
to cancer cells. This occurs via a receptor-mediated transport
mechanism as nab-paclitaxel leaves the circulation and enters
tissues quicker. As a result, the concentration of nab-
paclitaxel is higher in multiple tissues than that of
conventional paclitaxel.
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Table II1. Toxicities of nab-paclitaxel in the patients.

Toxicities Grade 1 Grade 2 Grade 3 Grade 4  All

Leukopenia 10 5 2 1 52.90%
Thrombocytopenia 5 2 1 0 23.50%
Fatigue 8 0 0 0 23.50%
Nausea/vomiting 6 1 0 0 20.60%
Baldness 7 0 0 0 20.60%
Myalgia 4 2 0 0 17.60%
Peripheral neuropathy 4 1 0 0 14.70%

Nab-paclitaxel was first approved in the United States of
America for metastatic breast cancer based on a randomized
phase III clinical trial in 2005(13). Nab-paclitaxel combined
with carboplatin was approved as first-line treatment of
advanced NSCLC by the Food and Drug Administration
(FDA) in the United States of America in 2012. It was
subsequently approved for the treatment of metastatic
pancreatic cancer in 2013. Green et al. (14) proved that nab-
paclitaxel was associated with a superior response rate
compared with solvent-based paclitaxel on a phase II clinical
trial. Nab-paclitaxel plus carboplatin demonstrated a
significantly higher efficiency than paclitaxel plus
carboplatin as first-line chemotherapy in a phase III clinical
trial (3). Further research has also shown that nab-paclitaxel
has achieved good results in ovarian, prostate and head and
neck cancer (15-17).

In our study, we retrospectively reviewed the treatment
outcome of 34 patients with advanced NSCLC who received
nab-paclitaxel as second-line chemotherapy. Our study
showed that in 34 evaluated patients, ORR was 35.3% and
DCR 70.6%. Nab-paclitaxel treatment had a high response
rate in NSCLC as second-line chemotherapy. Our research
found there was no significant difference between clinical
features and short-term effect of nab-paclitaxel as second-
line chemotherapy. This means nab-paclitaxel can be an
appropriate second-line treatment method for patients who
have previously been exposed to taxanes or radiotherapy.
Socinski et al. (3) reported carboplatin plus nab-paclitaxel
had a significantly higher ORR than carboplatin plus solvent-
based paclitaxel; however, we did not observe this outcome
in our study. This difference is potentially due to low patient
numbers and/or the use of nab-paclitaxel separately. In our
study, there was a significant PFS benefit for patients with
squamous lung cancer, compared with patients suffering
from lung adenocarcinoma; yet, there was no improvement
in OS for squamous lung cancer versus adenocarcinoma. To
date, there is no targeted therapy for the treatment of
squamous cell lung carcinoma and current treatment options
remain limited compared to those for adenocarcinoma. Our
data suggest nab-paclitaxel may have a better application
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prospect in this group of NSCLC. In our study, the common
adverse events occurred were leukopenia, thrombocytopenia,
fatigue, peripheral neuropathy, nausea and vomiting. The
most common toxicity was leukopenia that occurred in
529 % of patients. After symptomatic and supportive
treatment, chemotherapy could continue. Nab-paclitaxel does
not need hormone pretreatment and, thus, has minimal
effects on blood glucose potentially making it more suitable
to minimize the risk of peripheral neuropathy and improve
glycemic control. However, this study is small and needs to
be continued and expanded enabling further confirmation.

In conclusion, nab-paclitaxel does not cause allergic
reactions, increases anticancer activity and reduces toxicity,
thus making
chemotherapy treatment option in locally advanced and
metastatic NSCLC. Kazutoshi et al. (10) hypothesized that
secreted protein acidic and rich in cysteine (SPARC), also
known as osteonectin, may be a possible predictive marker
for selecting patients likely to respond favorably to nab-
paclitaxel treatment. Such a theory is, indeed, worthy of
extensive investigation.

its administration a viable second-line
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