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Abstract

Objective: This study compared the efficacy and safety of nanoparticle albumin-bound paclitaxel
(nab-paclitaxel) with conventional taxanes as neoadjuvant chemotherapy for breast cancer.
Methods: We searched the literature using PubMed, the Cochrane Library, and Web of Science
from their inception to December 15, 2019 based on predetermined inclusion and exclusion
criteria. The relevant studies compared pathologic complete response (pCR) and adverse event
rates.

Results: The meta-analysis included five studies and 2335 patients. Compared with conventional
taxanes, neoadjuvant chemotherapy with nab-paclitaxel was associated with a higher pCR rate
(odds ratio [OR]=1.39, 95% confidence interval [Cl] = 1.16—1.67), especially among patients
with triple-negative breast cancer or Ki67 indices of >20%. Pooled outcomes also revealed better
event-free survival in the nab-paclitaxel group (hazard ratio=0.69, 95% Cl=0.57-0.85).
However, all-grade (OR=2.17, 95% CI = 1.38-3.40) and grade >3 peripheral sensory neurop-
athy (OR =3.92, 95% Cl =2.44-6.28) were more frequent in the nab-paclitaxel group.
Conclusions: This meta-analysis implied that nab-paclitaxel more effectively improved pCR than
conventional taxanes. Nab-paclitaxel may have greater benefits in patients with triple-negative
breast cancer. However, additional attention is required for the early diagnosis and management
of peripheral sensory neuropathy.
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Introduction

Neoadjuvant chemotherapy (NAC) is an
important treatment option for invasive
breast cancer. Some studies observed
similar efficacy between adjuvant and neo-
adjuvant therapy.' > Taxanes and anthracy-
clines are two of the most of effective
chemotherapeutic classes used as NAC in
breast cancer. The conventional taxanes
include docetaxel and paclitaxel. The
NSABP B27 study found that the addition
of docetaxel notably increased the patho-
logic complete response (pCR) rate from
13.7 to 26.1%.*°

Nanoparticle albumin-bound paclitaxel
(nab-paclitaxel) is a novel taxane that was
first approved by the FDA for its superior
efficacy compared with solvent-based pacli-
taxel in the treatment of metastatic breast
cancer. Nab-paclitaxel allows the use of
larger drug doses without premedication,
e.g., 260 mg/m? versus 175 mg/m? for pac-
litaxel.® However, another phase III trial
found that nab-paclitaxel was not superior
with a trend toward inferiority, and toxicity
was increased in the metastatic setting.’
There is no clear consensus concerning
whether nab-paclitaxel is more effective
than conventional taxanes in the treatment
of metastatic breast cancer. The same is
also true for the application of nab-
paclitaxel as NAC in breast cancer. Two
randomized clinical trials reported different
results.® Early single-arm studies on the
efficacy of nab-paclitaxel in NAC for
breast cancer were summarized in a meta-
analysis.'” However, because of the small

number of comparative studies, the meta-
analysis extracted data from only three
studies and pooled the results from two
studies to evaluate the safety of these two
generations of taxanes. In addition, the
study did not explore which individuals
can benefit from nab-paclitaxel.

More recently, the results of some com-
parative studies have been updated.
Therefore, we conducted this meta-analysis
to compare efficacy and safety between nab-
paclitaxel and conventional taxanes.

Materials and methods

We conducted this meta-analysis following
the recommendations of the Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses.'!

Literature search strategy

We performed a literature search using
PubMed, the Cochrane Library, and Web
of Science from inception to December 15,
2019 using predetermined inclusion and
exclusion criteria without language limita-
tions. We searched the terms ((“albumin-
bound paclitaxel” or “nab-paclitaxel” or
“ABI-007” or “Abraxane”) and
(“Taxanes” or “paclitaxel” or “docetaxel”)
and (“neoadjuvant” or “preoperative”) and
(“breast cancer”)) using the Boolean ‘AND’
operator. Two reviewers (W. Li and Lu)
independently analyzed all potentially rele-
vant studies. In the case of any disagree-
ments, consensus was reached Dby
discussion. The same method was also used
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for quality assessment of the selected
studies.

Inclusion and exclusion criteria

The included studies compared nab-
paclitaxel with conventional taxanes (pacli-
taxel or docetaxel) as NAC for patients
with non-metastatic breast cancer. The
two arms in the studies had the same che-
motherapy regimens excluding the taxanes
used. Studies had clear definitions of pCR.
Editorials, case reports, letters to the editor,
review articles, and studies with insufficient

information for data extraction were
excluded.

Data extraction

Data from the included studies were

extracted and summarized independently
by two of the authors (Lu and Lin). Any
disagreement was resolved by a third
author (Y. Li).

The primary outcomes were the pCR and
adverse event rates. If sufficient data were
available, then the pCR rate for invasive
subtypes of breast cancer was extracted,
such as triple-negative breast cancer
(TNBC; negative for estrogen receptor
[ER], progesterone receptor [PR], and
human epidermal growth factor receptor 2
[HER2]), HER2-positive breast cancer
(HER2-positive regardless of the ER or PR
status), and tumors with high Ki67 expres-
sion, defined as a Ki67 index exceeding 20%.

There are two common definitions of
pCR in breast cancer, namely ypT0 ypNO
(no invasive or non-invasive residual tumor
in the breast and axillary lymph nodes) and
ypT0/is ypNO (no invasive residual tumor
in the breast and axillary lymph nodes).
However, if we adopted either of the two
definitions, some studies had to be aban-
doned, which would weaken the stability
of the results because of the fewer numbers
of studies and samples included.

Therefore, we extracted all pCR data
using ypTO ypNO or ypT0/is ypNO as the
definition. This ensured the availability of
more studies for each pooled analysis to
choose pCR according to a definition
employed in our included studies. Adverse
events included hematologic toxicity,
peripheral sensory neuropathy, fatigue,
rash, nausea, allergic reactions, and elevat-
ed liver enzymes. Adverse events were cate-
gorized according to the National Cancer
Institute Common Terminology Criteria
for Adverse Events. Severe adverse events
were defined as Grade 3 or higher.

The secondary outcomes were the clini-
cal overall response rate (ORR), overall
survival (OS), and event-free survival
(EFS). The events for EFS were disease
progression during neoadjuvant therapy
resulting in inoperability, any invasive
locoregional recurrence of disease after neo-
adjuvant therapy, any invasive contralater-
al breast cancer, any distant recurrence of
disease, or all-cause mortality, whichever
occurred first.

Quality assessment and statistical analysis

The quality of randomized controlled trials
(RCTs) was assessed using the Cochrane
risk of bias tool.'> The quality of retrospec-
tive studies was checked using the modified
Newcastle-Ottawa Scale (NOS).'*!* RCTs
and retrospective studies achieving eight or
more stars on the NOS were considered to
be of higher quality. Sensitivity analysis was
performed for high-quality studies, and
only outcomes reported in more than
three studies were included in this analysis.

Because the definition of pCR differed
among the studies, the adopted definition
should include more studies or samples for
data analysis. Odds ratios (ORs) were used
to compare dichotomous variables. Hazard
ratios (HRs) were used as summary statis-
tics for OS and EFS. All results were
reported with 95% confidence intervals
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(CIs). The random-effects model was used
after exploring the causes of heterogeneity.
Otherwise, the fixed-effects model was
used."” Two-tailed P < 0.05 with a 95% CI
that did not include 1 was considered sta-
tistically significant. Statistical heterogene-
ity was calculated using Cochrane’s Q
statistic and the I statistic, and significance
was indicated by P < 0.1. Funnel plot
asymmetry was assessed using Begg’s and
Egger’s tests to evaluate publication bias,
and two-tailed P < 0.05 was considered sta-
tistically significant.

Statistical analyses were performed using
Review Manager 5.3 (Copenhagen: The
Nordic Cochrane Centre, The Cochrane
Collaboration) and Stata 12.0 (Stata
Corporation, College Station, TX, USA).

Results

Five studies®®'®'® were identified using the

predefined search strategy in the final anal-
ysis. Two'?? studies reported survival after
short follow-up periods. The sample sizes
ranged from 120 to 1206. In total, 2335
patients were eligible for the analysis, with
1140, 1118, and 77 patients receiving nab-
paclitaxel, solvent-based paclitaxel, and
docetaxel, respectively (Figure 1). The
study characteristics, patient demographics,
regimens, dosages, and quality score for
each study are shown in Table 1. The ana-
lyzed studies included three RCTs,**!” one
retrospective study,'® and one matched case-
control study.'® The details of the quality
assessment are shown in Tables 2 and 3.

Primary outcomes

pCR. All studies reported pCR using the
definition of ypTO0/is ypNO in the whole
population, whereas ypTO ypNO was more
frequently wused in subtype analyses.
Therefore, to obtain more stable results,
we pooled the pCR data using the ypTO0/is
ypNO definition in the global analysis and

the ypTO ypNO definition in the subtypes
analyses.

Pooling the data of all five studies
that assessed pCR (ypTO/is ypNO) in 2335
patients, a significant difference favoring
nab-paclitaxel was identified (OR =1.39,
95% CI=1.16-1.67, P<0.001; Figure 2)
with no heterogeneity found among the
studies (x> =1.34, F =0%).

Pooling the data from three studies
that assessed pCR (ypTO ypNO) in 1029
patients with Ki67 >20%, a significant dif-
ference favoring nab-paclitaxel was noted
(OR =1.64, 95% CI=1.26-2.13, P <0.001)
with no significant heterogeneity observed
among the studies (;*=0.58, F=0).
Pooling the data from three studies™'”!®
that assessed pCR (ypT0 ypNO) among 364
patients with TNBC, a significant difference
favoring nab-paclitaxel was observed
(OR =245, 95% CI=1.57-3.82, P <0.001)
with moderate heterogeneity noted among
the studies (y*=3.24, F=38%). Pooling
the data of two studies”™® that assessed
pCR (ypTO ypNO) in 449 patients with
HER2-positive breast cancer, comparable
efficacy was noted between the two groups
(OR=1.31, 95% CI=0.89-1.92) with low
heterogeneity found among the studies
(2 =1.05, F=5%).

8,9,16-18

9,17,18

Incidence of adverse events. We gathered
adverse event data for neutropenia, periph-
eral sensory neuropathy, fatigue, rash, and
vomiting at all grades. The frequency of all-
grade vomiting was similar between the
groups (OR=1.11, 95% CI=0.90-1.37),
but  neutropenia (OR=1.52, 95%
CI=1.23-1.88), peripheral sensory neurop-
athy (OR =2.17, 95% CI =1.38-3.40), rash
(OR=146, 95% CI=1.18-1.80), and
fatigue (OR=1.28, 95% CI=1.04-1.56)
were significantly more frequent in the
nab-paclitaxel arm (Figure 3). However,
there was significant between-study hetero-
geneity regarding the incidence of peripher-
al  sensory  neuropathy  (y*=17.15,
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PubMed: n = 69
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Duplications: 127
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k.
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-Non-neoadjuvant: 24

A

-Non-comparative: 42
-Report series: 6
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(6 articles and 1 abstract)

Figure |. Flow diagram of the included studies.
WOS, Web of Science

F=177%, P=0.002). We found that the
major source of heterogeneity originated
from two studies that used a higher cumu-
lative dose of nab-paclitaxel.

Comparing nab-paclitaxel to convention-
al taxanes in terms of severe adverse events,
there were no significant differences in the
rates of neutropenia (OR =1.33, 95% CI =
0.74-2.39), rash (OR=1.25, 95% Cl=
0.49-3.21), vomiting (OR=1.16, 95%
CI=0.62-2.20), and fatigue (OR=1.32,
95% CI=0.80-2.16), whereas peripheral
sensory neuropathy was significantly more
common in the nab-paclitaxel arm

(OR =4.01, 95% CI=2.52-6.41; Figure 4).
There was a significant between-study het-
erogeneity concerning the incidence of
severe neutropenia (y>=15.96, F=81%,
p=0.001); however, we failed to identify
the source of heterogeneity.

Secondary outcomes

ORR. Four studies®*'®!7 assessed the clini-
cal ORR in 2173 patients. The clinical ORR
was not significantly different between the
nab-paclitaxel and conventional taxane
groups (OR=1.19, 95% CI=0.97-1.46),
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Table 2. Risk of bias in the prospective randomized controlled trials.

Adequate Blinding of

random participants, personnel Incomplete Selective  Other

sequence  Allocation and outcome outcome outcome  sources
Study generation concealment assessors data reporting  of bias
Gianni 2018 Yes No No No No No
Kuwayama 2018 Unclear Unclear Unclear No No No
Untch 2016 Yes No No No No No

and no significant heterogeneity was noted
among the studies (¥*=0.96, F=0%;
Figure 5).

EFS. Among the included studies, two stud-
ies reported EFS data.'”?° and only one
study reported OS.° The meta-analysis
illustrated that nab-paclitaxel was associat-
ed with significantly better EFS than con-
ventional treatment (HR=0.69, 95%
CI=0.57-0.85, P<0.001), and moderate
between-study heterogeneity was observed
(=191, F=48%).

Sensitivity analysis and publication bias

Three RCTs*>!'7 and one retrospective
study'® with NOS scores of at least eight
stars were included in the sensitivity analy-
sis, which revealed no change in the signif-
icance of any of the outcomes (Table 4).

Figure 6 presents a funnel plot of the
studies included in this meta-analysis that
reported pCR. All studies lied inside the
95% CIs with an even distribution around
the vertical, indicating no obvious publica-
tion bias. Neither Begg’s funnel plot nor
Egger’s test indicated the existence of pub-
lication bias.

Discussion

This  meta-analysis comparing nab-
paclitaxel and conventional taxanes as
NAC for breast cancer revealed that nab-
paclitaxel was linked to better pCR. Both
severe and all-grade peripheral sensory

neuropathy were more common in the
nab-paclitaxel group. Because no change
was found in the sensitivity analysis of
high-quality studies, the stability of the
results was confirmed.

Among the included studies, two large
RCTs recently reported short-term follow-
up results.'”?® The pooled EFS data
favored nab-paclitaxel. A meta-analysis by
CTNeoBC demonstrated that patients with
pCR had better EFS.?' We therefore spec-
ulated that the better EFS in the nab-
paclitaxel group could be attributable to
the higher pCR rate. Nonetheless, we also
noted that the clinical ORR was compara-
ble between the two groups, in line with the
results of another meta-analysis focusing on
metastatic breast cancer.?

This study demonstrated that patients
with TNBC or Ki67>20% could more
greatly benefit from nab-paclitaxel. This
finding has considerable clinical implica-
tions for the clinical treatment of TNBC
given that chemotherapy is the main adju-
vant treatment for TNBC. However,
whether nab-paclitaxel has benefits for the
treatment of other types of breast cancer
remains obscure. Most breast cancers
treated with NAC in clinical practice have
Ki67 >20%. In addition, several clinico-
pathological parameters are significantly
associated with the Ki67 index, such as
the molecular subtype, lymph node status,
tumor size, tumor grade, and TNM stage.”*
Concerning HER2-positive breast cancer,
the result must be interpreted with caution
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Table 3. Assessment of the risk of bias in retrospective studies using the modified Newcastle—Ottawa scale.

Qutcome

Comparability

Selection

Comparable
for 4, 5,

Comparable

for 1, 2,

Representative
reference
group

Yes

Representative
treatment
group

Yes

Quality

Adequate

Assessment

Assignment for
treatment™

score

of outcome  follow-up

6, 7, and 8%

and 3%

20, 0.2.2.0.2.9.¢
2.0.0.8.9.0. ¢

Estrogen receptor/pro-

Yes

Yes

4,56,7,8
4,56,7,8

1,2,3
I, 3

No

Huang 2015
Xie 2019

No

Yes

Yes

Yes

No

Clinical nodal stage; 6 =

Tumor stage; 5=

Menopausal status ; 4

= Eastern Cooperative Oncology Group; 3 =

Comparability variables: | =age; 2

Ki67 index. *: Two stars, all characteristics were comparable; one star, two or three

characteristics were comparable; no star, zero or one characteristic was comparable. #: Details of the criteria for the adequate random assignment of patients to treatments

were provided.

human epidermal growth factor receptor 2 status; 8 =

gesterone receptor status; 7

because of the small number of studies of
HER2-positive breast cancer. However,
there will be few opportunities to draw
valid conclusions regarding this issue in fur-
ther research. In this era of precision med-
icine, targeted therapy will attract more
attention than chemotherapy for HER2-
positive breast cancer. As indicated by the
design of the TEAL study, an RCT of
carly-stage HERZ2-positive breast cancer,
although nab-paclitaxel and solvent-based
paclitaxel were examined in different study
arms, the researchers focused on compari-
sons of efficacy between two dual anti-
HER?2 therapeutic strategies (T-DM1 and
lapatinib Vs. trastuzumab and
pertuzumab).?*

Peripheral sensory neuropathy, rash,
neutropenia, and fatigue were more fre-
quent in the nab-paclitaxel arm than in
the conventional taxane arm, but regarding
severe events, only the rate of severe periph-
eral sensory neuropathy differed between
the groups. Taxanes are microtubule-
stabilizing agents, and the major toxicity
of these agents is peripheral sensory neu-
ropathy.>> The mechanism of taxane-
induced peripheral sensory neuropathy
remains unclear, but some risk factors
may explain the higher risk of taxane-
induced peripheral sensory neuropathy. In
a randomized phase III study, the mean
cumulative dose to the onset of grade >2
peripheral sensory neuropathy was 371
mg/m? for docetaxel, versus 715 mg/m?>
for paclitaxel.?® The severity of peripheral
sensory neuropathy is also related to the
dose. In the CALGB 9342 trial, grade >3
peripheral  sensory  neuropathy  was
observed in 33% of patients who received
paclitaxel at a dose of 250 mg/m?, 19% of
patients treated at a dose of 210 mg/m?, and
7% of patients treated at a dose of 175 mg/
m?.?” Nab-paclitaxel uses a nanoparticle
drug delivery system, thereby permitting
higher dose delivery and intensity.”® This
may explain why nab-paclitaxel is
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nab-paclitaxel conventional taxanes Odds Ratio Odds Ratio
% Cl M-H, Fixed, 95% CI

Gianni 2018 78 346 65 349 26.9% 1.27[0.88, 1.84] N
Huang 2015 8 30 23 a0 44% 1.06[041,271] .
Kuwayama 2018 13 75 ] T 3.8% 1.58 [0.63, 3.96] ]
Untch 2016 258 608 207 600 61.5% 142[1.12,1.79] —
Xie 2019 20 83 1" 7 4.4% 1.96[087, 4.42] =1
Total (95% CI) 1140 1195 100.0%  1.39 [1.16, 1.67] ->
Total events 78 315

Heterogeneity: Chit = 1.34, df = 4 (P = D.85); I = 0% .

oL i 0.2 0.5 1 2 5
Test for overall eflect: Z = 3.56 (P = 0.0004) Favours [conventional taxanes] Favours [nab-paclitaxel]

Figure 2. Forest plots of the odds ratios for pathologic complete response between nab-paclitaxel and
conventional taxanes.
Cl, confidence interval; M-H, Mantel-Haenszel method.

OR | 95%CI | p value Test for heterogeneity
PSN —_— 2.17[1.38, 3.40] p<0.001* 2 =17.15, F="77%, p= 0002

Neutropenia —e— 1.52[1.23, 1.88] p<0.001 #=T176,1F=20%, p=0-29
Rash i 1.46 [1.18, 1.80] p<0.001 £ =287, F=30%,p=024

Vomiting H¥ 1.11 [0.90, 1.37] p0.34 =192, 1=0%,p=0-38
Fatigue i 1.28 [1.04, 1.56] p=0.02 =229 P=12%,p=0-32

r T T T
0.5 1.5 2.5 a5 *: random-¢ffect model

PSN: peripheral sensory neuropathy

Figure 3. Forest plot for incidence of each specific all-grade adverse event.
OR, odds ratio; Cl, confidence interval.

OR [ 95%CT )| p value Test for heterogeneity
PSN e 4.02[2.52, 6.41] p<0.001 ¥ = 1.56, F = 0%, p = 046
Neutropenia  H—#— 1.33[0.74, 2.39] p=0.33* ¥ = 15.96, 1 = 81%, p = 0-001
Rash  +—p——o 1.25 [0.49,3.21] p-0.64 % =3.83, 1= 48%,p =015
Vomitng: Fr¥—] 1,16 [0.62, 2.20] p0.64 £ =197, 1= 49%, p = 016
Fatigue - He— 1.32[0.80, 2.16] pe027 ¥ =058, 1= 0%, p = 0-45
0:5 2:5 d}s 6:5 *: random-cffect model

PSN: peripheral sensory neuropathy

Figure 4. Forest plot for incidence of each specific adverse event at grade >3.
OR, odds ratio; Cl, confidence interval.

conventional taxanes Control Odds Ratio Odds Ratio
Cl M-H, Fixed, 95% Cl

Gianni 2018 267 346 260 349 353% 1.16 [0.82, 1.64] T
Huang 2015 27 30 7290 22% 2.25[0.61, 8.25]
Kuwayama 2018 43 5 41 77 10.3% 1.18 [0.62, 2.24] —
Unich 2018 495 606 475 600 52.2% 1.17 [0.88, 1.56] T
Total (95% CI) 1057 1116 100.0% 1.19 [0.97, 1.46] -
Total events 832 848 N . )
Heterogeneity: Chi* = 0.96, df = 3 (P = 0.81); F = 0% ¥ o5 o 1 B3 A me

Testforoveral afiacl: Z ). 67 (P = 0.08) Favours [conventional taxanes] Favours [nab-paclitaxel]

Figure 5. Forest plots of the odds ratios for clinical overall response rate between nab-paclitaxel and
conventional taxanes.
Cl, confidence interval; M-H, Mantel-Haenszel method.
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Table 4. Sensitivity analysis comparing nab-paclitaxel to conventional taxanes.

Test for heterogeneity

OR (95% Cl) p value e I? P
pCR 1.37 (1.13-1.65) 0.001 0.62 0% 0.89
All-grade PSN 1.88 (1.18-2.99) 0.008* 13.03 77% 0.005
Grade > 3 PSN 3.77 (2.32-6.10) <0.001 0.8l 0% 0.37

* random-effects model.

pCR, pathologic complete response; PSN, peripheral sensory neuropathy; OR, odds ratio; Cl, confidence interval.

o SE(Iog[OR])

01T

02T

03T ‘

047 .

OR

0.5 t t
0.2 0.5

2 5

Figure 6. Funnel plot no evidence of publication bias for pathologic complete response.

associated with a higher incidence of
peripheral sensory neuropathy than con-
ventional taxanes. Currently, there is no
agent for preventing peripheral sensory
neuropathy. Thereby, early detection and
timely dose reduction can alleviate symp-
toms in patients with peripheral sensory
neuropathy. This is consistent with the find-
ing from the GeparSepto trial that proper
dose reduction reduced the incidence and
severity of peripheral sensory neuropathy
without compromising treatment efficacy.

This study had some potential limita-
tions. First, only five studies were included,
and some pooled analyses were performed
with two or three studies. Second, the
follow-up period was short; therefore, the

evidence supporting the survival benefits
of nab-paclitaxel is inadequate. Third, the
patient cohorts, treatment strategies (con-
current or sequential administration), drug
dosages, and administration interval varied
among the studies, which may have led to
bias. Finally, no language restrictions were
applied in the literature search, but all avail-
able studies were published in English.
Thus, clinical data reported in other lan-
guages may have been missed.

Conclusions

Although further studies are needed to
identify patients who might benefit from
nab-paclitaxel, our meta-analysis clearly
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indicated that nab-paclitaxel is more effec-
tive than conventional taxanes as NAC in
terms of pCR in breast cancer. Moreover,
early diagnosis and intervention are needed
to control peripheral sensory neuropathy
during the administration of nab-paclitaxel.
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