
Abstract. Background/Aim: To substitute paclitaxel in
neoadjuvant chemotherapy of breast cancer by nab-
paclitaxel due to its improved efficacy and safety profile.
Patients and Methods: Sixteen patients with primary breast
cancer received neoadjuvant chemotherapy with 4 cycles of
nab-paclitaxel at 150 mg/m2 (d1, 8, 15, every 28 days
followed by 4 cycles of epirubicin at 90 mg/m2 d1, every 
21 days and cyclophophosphamide at 600 mg/m2 (d1, every
21 days plus, if human epidermal growth factor receptor 2
(HER2)-positive, trastuzumab, and in 2 cases trastuzumab
and lapatinib. End-points were the rate of pathological
complete response (pCR) and safety. Results: All patients
responded after two cycles. Overall, 11/16 patients had
pathological complete response: 5/6 with HER2-positive,
3/4 with triple-negative and 3/6 with HER2-negative,
hormone receptor-positive disease. Adverse events of grade
3 or more occurred in 4 patients. There were no grade 4 or
5 toxicities. The most frequent side-effects (all grades) were
peripheral polyneuropathy (n=11, n=4 grade 2), fatigue
(n=9) and hand-foot syndrome (n=8). Overall, side-effects
were easily managed. Conclusion: Neoadjuvant
chemotherapy with nab-paclitaxel is a good alternative to
paclitaxel-based regimens.

Neoadjuvant chemotherapy has become an established
therapeutic option for patients with primary breast cancer. It
can improve operability and the rate of breast-conserving
surgery. Furthermore, neoadjuvant chemotherapy allows real-

time evaluation of a patient’s individual response to a specific
regimen and facilitates individualization of therapy if no
response occurs (1, 2). Several randomized trials suggest that
neoadjuvant and adjuvant chemotherapy results in comparable
progression-free and overall survival (1). 

A pathological complete response (pCR) is the optimal
outcome of neoadjuvant chemotherapy. According to the
most conservative definition of pCR, no residual invasive or
residual non-invasive disease in breast and axillary lymph
nodes must be detectable. PCR is regarded as a predictive
marker for a more favorable long-term prognosis (3). A
meta-analysis of seven neoadjuvant trials showed that this
does not apply to all intrinsic subtypes. There was a
significant association between pCR and improved disease-
free and overall survival for those with hormone receptor-
negative, human epidermal growth factor receptor-2 (HER2)-
negative and HER2-positive tumors (i.e. triple-negative and
non-luminal HER2-positive subtype) and hormone receptor-
positive poorly-differentiated tumors (i.e. luminal B/HER2-
negative subtype) (3). 

Clinical practice guidelines recommend taxane-based
neoadjuvant chemotherapy, which is usually a sequence of 4 to
6 cycles of an anthracyline-based regimen followed by 4 cycles
of a taxane-based regimen (4). However, there are also data for
the reverse sequence. Neoadjuvant weekly paclitaxel followed
by an anthracyline-based regimen resulted in a pCR rate of
28.2% (5). For HER2-positive tumors, the combination of
trastuzumab and chemotherapy is the standard of care. Dual
HER2-inhibition with lapatinib and trastuzumab can be
indicated in individual cases (4).

The efficacy of taxanes is undisputed. However, the use of
conventional taxanes is also limited by relevant side-effects
that are caused by the solvents necessary due to their
hydrophobicity (6-8).

Nab-paclitaxel is a solvent-free colloidal suspension of
paclitaxel and human serum albumin. The nab platform
binds hydrophobic drugs to albumin, thus eliminating the
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need for toxic solvents. Nab-paclitaxel does not require for
corticosteroid pre-medication and can be given as a short
infusion over 30 min (9, 10). Nab-paclitaxel probably
exploits the natural feature of albumin as a carrier protein
and binds to the albumin-binding glycoprotein secreted
protein rich in cysteine which is expressed on the surface of
tumor cells and in the tumor stroma. A specific transport
mechanism leads to a rapid uptake and to an increased
accumulation of paclitaxel in tumor tissue (11-13).

Treatment of metastatic breast cancer with nab-paclitaxel
(260 mg/m2, d1 every three weeks) resulted in a significantly
higher overall response rate and longer time-to-progression
as compared to conventional solvent-based paclitaxel 
(175 mg/m2, d1 every three weeks). Patients who received
nab-paclitaxel as a second-line or further treatment had a
significant overall survival benefit (9). As a first-line therapy,
nab-paclitaxel (150 mg/m2 d1, d8, d15, every four weeks)
led to a higher overall response rate and a significantly
longer progression-free survival compared to docetaxel 
(100 mg/m2, d1 every three weeks) (14, 15). Overall, nab-
paclitaxel was well-tolerated and led to a significantly lower
incidence of neutropenia compared to paclitaxel and
docetaxel. Sensory neuropathy grade 3 was more common
with nab-paclitaxel compared to conventional paclitaxel
(10% vs. 2%, respectively). However, it improved within a
significantly shorter time with nab-paclitaxel compared to
paclitaxel (22 vs. 79 days, respectively). There is also
evidence from several phase II trials of nab-paclitaxel as a
neoadjuvant therapy in various combinations (16-23). 

Hence, due to its improved efficacy and safety profile for
metastatic breast cancer, we decided to treat patients with
nab-paclitaxel-based neoadjuvant chemotherapy. Here we
report our experience with this regimen in 16 patients treated
under our clinical practice since July 2011.

Patients and Methods

Patients. Patients were required to have histologically-confirmed
primary breast cancer and an indication for chemotherapy. Each case
was discussed at the multi-disciplinary tumor board of our Institution.
Patients gave their informed consent regarding chemotherapy with
nab-paclitaxel and documentation of their data.

Treatment. Patients received four cycles of nab-paclitaxel at a dose of
150 mg/m2 on days 1, 8, 15 every 28 days followed by four cycles of
epirubicin at a dose of 90 mg/m2 and cyclophophosphamide at a dose
of 600 mg/m2 on day 1 every 21 days. Regarding the sequence of
taxane, epirubicin and cyclophosphamide (EC), our regimen followed
the experimental arm of the German GeparSepto trial (24). 

One patient with a triple-negative tumor and an initial Ki-67 level
of 90% received 5-fluorouracil in addition to EC as the presence of
a c-myc amplicification was considered likely according to data
recently published (25). Patients with a HER2-positive tumor
received trastuzumab starting with the first dose of nab-paclitaxel.
Trastuzumab was given at a starting dose of 4 mg/kg and at a dose of

2 mg/kg at subsequent weekly administrations during chemotherapy
with nab-paclitaxel and every three weeks at a dose of 6 mg/kg
during chemotherapy with EC. After surgery, trastuzumab was
continued for a total treatment duration of 12 months. Two very
young patients with HER2-positive, hormone receptor-negative and
highly proliferative disease received dual HER2 inhibition with
trastuzumab and lapatinib. Lapatinib was dosed at 750 to 1000 mg
per day depending on the patients’ tolerance. 

Assessments. Following recently published data (26), a sentinel
lymph node biopsy (SNB) was performed if there were no
augmented lymph nodes, as assessed by palpation or ultrasound
before the start of neoadjuvant chemotherapy. After every cycle of
neoadjuvant chemotherapy with nab-paclitaxel and every two cycles
of EC or at the end of chemotherapy, response was assessed by
ultrasound. Patients underwent surgery after completion of
neoadjuvant chemotherapy. Breast-conserving surgery with the
objective of complete resection of the tumor and a cosmetically-
satisfactory result was performed whenever possible. Response was
defined as pCR if no residual tumor cells were detected in the breast
and in the axillary lymph nodes. Side-effects were classified
accordinto the common terminology criteria for adverse events
(CTCAE) version 4.0 of the U.S. National Institutes of Health and
National Cancer Institute.

Results

From July 2011 to October 2013, 16 patients with
histologically-confirmed primary breast cancer completed
neoadjuvant treatment and surgery. The median age at
diagnosis was 47 (range=30-71) years. Tumor sizes ranged
from 1.3 cm to 10.0 cm in diameter. A detailed overview of
patient and tumor characteristics is given in Table I. 

Neoadjuvant therapy. One patient received nab-paclitaxel at
a dose of 100 mg/m2 which she had requested in order to
reduce the risk of sensory neuropathy. All other patients were
treated at the planned dose of 150 mg/m2 of nab-paclitaxel.
There were no dose reductions for nab-paclitaxel. One
patient with pre-existing disease of both eyes had an
impairment of visual acuity after chemotherapy with nab-
paclitaxel was completed. It was decided to omit further
chemotherapy with EC and proceed to surgery instead. 

In both patients receiving trastuzumab and lapatinib, the
dose of lapatinib was reduced to 500 mg per day during the
course of treatment due to continuing and treatment-related
cutaneous side-effects. This dose was tolerated without
further side-effects. Both patients had a clinical complete
response after 4 cycles of nab-paclitaxel. 

Response. After two cycles of nab-paclitaxel all patients showed
a response which continued throughout neoadjuvant
chemotherapy. An overview of outcome for each individual
patient is given in Table I. 14 patients underwent breast-
conserving surgery which was not feasible in two patients.
Overall, 11 patients had pCR. pCR was seen in five out of six
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Table I. Patient and tumor characteristics, treatment administered and clinical outcome. 

Age TNM stage Baseline Neoadjuvant Clinical response Surgery TNM stage Response
(years) at baseline immunohisto- therapy after 4 cycles post-surgery

chemistry of nab-P

HER2-positive subtype

35 cT3, cN1, ER 20%, PRG 4 × nab-P, PR Mastectomy ypT1mic, pTis PR
M0, G2-3 20%, HER2+, 4 × EC, axillary dissection (DCIS, 95%), 

Ki67 30% plus T pN0 (0/15), M0, G3, R0, 
43 cT1c, cN1, ER 10%, 4 × nab-P, CR SNB*, BCT, ypT0, ypN0 (1/12), pCR

M0, G2 PRG 50%, HER2+, 4 × EC, axillary dissection M0, L0
Ki67 50% plus T

33 cT2, cN0, ER 30%, 4 × nab-P, 
M0, G2-3 PRG 20%, HER2+, 4 × EC, plus T CR SNB*, BCT, ypT0, ypN0 (0/20), pCR

Ki67 60% and Lap axillary dissection M0, L0, V0, R0
30 cT1c, cN1, ER 0%, 4 × nab-P, CR BCT, axillary ypT0, ypN0 (0/9), pCR

M0, G3 PRG 0%, HER2+, 4 × EC, (confirmed dissection M0, L0, V0
Ki67 60% plus T and Lap by MRT)

30 cT3, cN2, ER 10%, 4 ×nab-P, PR Mastectomy ypT0, ypN0 (0/12), pCR
G3 PRG 5%, HER2+, 4 × EC, axillary dissection M0, V0, L0, R0

Ki67 60% plus T
64 cT2, cN1, ER 5%, 4 × nab-P CR BCT, SNB ypT0, ypN0 (0/1 sn), pCR

M0, G3 PRG 1%, HER2+, (100 mg/m2), (Patient refused M0, G3, R0
Ki67 60% 4 × EC, plus T axillary dissection)

Triple-negative subtype

63 cT2, cN0, ER 0%, 4 × nab-P, PR SNB*, ypT1b, pN0 (0/2 sn), PR
M0, G1, L1 PRG 0%, HER2–, 4 × EC BCT M0, G2, L0, V0, R0  

Ki67 15%
48 cT3, cN2, ER 0%, 4 × nab-P, PR BCT, ypT0, ypN0 (0/13), pCR

M0, G3 PRG 0%, HER2–, 4 × EC axillary dissection M0, L0, V0
Ki67 30%

44 cT2, cN0, ER 0%, 4 × nab-P, PR SNB*, ypT0, pN0 (0/10), pCR
M0, G3 PRG 0%, HER2–, 4 × FEC BCT M0, L0, V0, R0 

Ki67 90%
32 cT2, cN1, ER 0%, 4 × nab-P, CR BCT, ypT0, ypN0 (0/16), pCR

M0, G3 PRG 0%, HER2–, 4 × FEC axillary dissection M0, L0, V0
Ki67 90%

HER2-negative subtype

33 cT1c, cN0, ER 90%, PRG 10%, 4 × nab-P, SD SNB*, BCT, ypT1a, pN0 (0/2 sn), PR
M0, G2 HER2–, Ki67 20% 4 × EC M0, G2, L0, V0, R0 

58 cT2, cN0, ER 95%, 4 × nab-P, CR SNB*, BCT ypT1a, pN0 (0/11), PR
M0, G3 PRG 95%, no further CHT M0, G3, L0, V0. R0

HER2–, Ki67 25% due to impairment 
in visual acuity

71 cT2, cNx, ER 0%, PRG 5%, 4 × nab-P, PR SNB*, BCT, ypT2, ypN0 (0/11), PR
M0, G2 HER2–, 4 × EC axillary dissection M0, G3, V0, L1, R0

Ki67 30%
65 cT2, cN1a, ER 5%, PRG 15%, 4 × nab-P, PR BCT, ypT0, ypN0 (0/10), pCR

M0, G2-3 HER2–, Ki67 40% 4 × EC axillary dissection M0, L0, V0
37 cT2, cN1, M1 ER 70%, 4 × nab-P, PR BCT, ypT0, ypN0 (0/12), Mx pCR

(liver), G2-3 PRG 80%, HER2–, 4 × EC axillary dissection (hepatic lesions no 
Ki67 60% longer detectable), V0, L0

71 cT2, cN0, M0, ER 5%, 4 × nab-P, PR SNB*, BCT ypT0, pN0 (0/6 sn), pCR
G2-3 PRG 0%, HER2–, 4 × EC M0, L0, V0

Ki67 80%

Nab-P: Nab-paclitaxel, E: epirubicin, C: cyclophosphamide, T: trastuzumab, Lap: lapatinib, CR: complete response, CHT: chemotherapy, PR: partial
response, pCR: pathological complete response, SNB: sentinel lymph node biopsy, *SNB: before neoadjuvant chemotherapy, BCT: breast conserving
therapy, ER: estrogen receptor expression, PRG: progesteron receptor expression.



patients with HER2-positive disease, in three out of four patients
with a triple-negative tumor, and in three out of six patients with
HER2-negative, hormone receptor-positive disease. 

There was more than a 50% decrease in the size of the
breast tumor and no detectable residual tumor cells in
axillary lymph nodes in all five patients who did not have
pCR. This included the patient where chemotherapy with EC
was omitted. In four out of the five cases the Ki-67 levels
clearly decreased.

One patient with an initially triple-negative tumor of 
26 mm showed an unexpected poor response which resulted
in a residual tumor of 9 mm in size. Immunohistochemistry
of the first biopsy was not carried out in our pathology. The
examination of the surgically-removed tissue showed a
highly hormone receptor-positive and HER2-negative tumor,
which seems to explain the poor response. 

Side-effects. Overall, the side-effects of neoadjuvant
chemotherapy were easy to manage. Table II provides an
overview of the incidence of all adverse events. 

The most frequent adverse events of all grades were hand-
foot-syndrome (8/16), fatigue (9/16) and peripheral neuropathy
(11/16). There were no grade 4 or 5 toxicities. Grade 3 adverse
events were documented for 4 patients. The earliest cases of
fatigue were seen in the late second cycle but in most cases
fatigue occurred during the third cycle with nab-paclitaxel and
improved subsequently during chemotherapy with EC.

Overall, 11 out of 16 patients experienced sensory
polyneuropathy until the end of chemotherapy with nab-
paclitaxel. In seven patients polyneuropathy was of grade 1 and
presented as a slight numbness of the fingertips. In four
patients the maximum intensity of polyneuropathy was of
grade 2. There was no polyneuropathy of grade 3 or higher. In
all cases, polyneuropathy improved until the end of
chemotherapy with EC and was no longer present after surgery
except for one patient. This patient had been pre-treated with
six cycles of solvent-based paclitaxel and carboplatin a few
years earlier due to a diagnosis of ovarian cancer. 

Two patients developed hyperopia during therapy with nab-
paclitaxel which resolved completely after the end of treatment. 

Hematotoxicity under neoadjuvant chemotherapy with nab-
paclitaxel and EC was mild. Leukopenia occurred in 13/16 and
was predominantly grade 1. Leukopenia grade 2 occurred in
6/16. The administration of growth factors was not clinically
indicated. There was no hematotoxicity of grade 3 or more. 

Discussion

In our series of 16 cases, neoadjuvant chemotherapy with 4
cycles of nab-paclitaxel followed by 4 cycles of EC in
combination with HER2-targeted treatment for HER2-
positive disease proved to be an effective and manageable
therapeutic option. 

The clinical results achieved with our neoadjuvant therapy
are comparable to those reported for neoadjuvant standard
regimens in the literature, although we do admit that
comparisons between experiences from individual cases and
data from controlled clinical studies have limitations. Overall,
the pCR rate in our patients was 11/16, 5/6 in patients with
HER2-positive disease and 3/6 in those with HER2-negative,
hormone receptor-positive disease. These pCR rates are
similar to those achieved with neoadjuvant standard regimens
including docetaxel or weekly paclitaxel (1). PCR rates of
40% have been published for conventional neoadjuvant
chemotherapy in hormone receptor-negative disease. For
HER2-positive disease, pCR rates of up to 65% have been
reported for neoadjuvant chemotherapies in combination with
HER2-targeted therapies (1). According to a meta-analysis of
30 neoadjuvant studies with a total of 11,695 patients,
neoadjuvant therapy results in pCR in 8.3% of patients with
HER2-negative hormone receptor-positive disease, in 18.7%
of HER2-positive hormone receptor-positive, in 38.9% of
HER2-positive hormone receptor-negative, and in 31.1% of
those with triple-negative disease (27). 

In a phase II study conducted by the National Surgical
Adjuvant Breast and Bowel Project (NSABP), 66 patients with
locally advanced breast cancer were treated with neoadjuvant
nab-paclitaxel at a dose of 100 mg/m2 once a week for 12
weeks followed by 4 cycles of 5-fluorouracil, epirubicin and
cyclophosphamide (FEC). A total of 17 out of 19 patients with
HER2-positive disease received trastuzumab in addition.
Overall, treatment resulted in pCR in 29% of patients and in
58% of patients in the HER2-positive sub-group (23). 

If breast-conserving surgery or a better cosmetic result are
the treatment objectives, neoadjuvant chemotherapy can be
indicated in luminal low-risk and luminal high-risk subtypes
despite reported low pCR rates and no proven correlation of

in vivo 28: 235-242 (2014)

238

Table II. Adverse events experienced during neoadjuvant therapy.
Adverse events are reported per patient. The highest grade observed in
a patient is given.

Adverse event All grades Grade 3 Grade 4
N (%) N (%) N (%)

Non-hematological
Sensory polyneuropathy 11 (69%): 0 (0%) 0 (0%)

7 (44%) Grade 1, 
4 (25%) Grade 2

Fatigue 9 (56%) 4 (25%) 0 (0%)
Hand-foot syndrome 8 (50%) 0 (0%) 0 (0%)
Nausea 12 (75%) 0 (0%) 0 (0%)
Mucositis 6 (38%) 0 (0%) 0 (0%)

Hematological
Leukopenia 13 (81%) 0 (0%) 0 (0%)
Anemia 4 (25%) 0 (0%) 0 (0%)



pCR and overall survival for patients with luminal low-risk
tumors. In our series, three out of the six patients with
HER2-negative hormone receptor-positive carcinoma had a
pCR. These patients had the lowest expression of hormone
receptors and the highest Ki-67 levels. Breast-conserving
surgery was possible for all of 6 patients. 

Overall, side-effects were easily managed. They rarely
resulted in a delay of therapy. Fatigue was the side-effect that
mostly limited the quality of life of those affected.
Hematotoxicity was mild. Leukopenia occurred in 13
patients, yet none was of grade 3 or more. Moreover, we saw
no febrile neutropenia. In the NSABP study cited,
neoadjuvant nab-paclitaxel was associated with incidences of
grade 2 neutropenia of 6%, of grade 3 neutropenia of 5% and
grade 3 febrile neutropenia of 2%. Under neoadjuvant FEC,
incidences of grade 2, 3 and 4 neutropenia were 8%, 15% and
16%, respectively, and incidences of grade 3 and grade 4
febrile neutropenia were 2% and 5%, respectively (23). 

Neuropathy that occurred in our case series with 4
neoadjuvant cycles of nab-paclitaxel was of lower severity
than neuropathy that has been reported with nab-paclitaxel
in the treatment of metastatic breast cancer. This correlates
with the pathophysiology of sensory polyneuropathy as a
toxicity occurring more frequently and with a higher
intensity with cumulative doses. In the study of nab-
paclitaxel in metastatic breast cancer reported by Gradishar
et al. the dose administered was 150 mg/m2 once a week in
three out of four weeks and the median number of cycles
was ten. Grade 3 neuropathy occurred in 22% of patients
(14). In the neoadjuvant study reported by the NSABP
patients received 12 weekly administrations of nab-paclitaxel
at 100 mg/m2. The incidences of grade 2 and grade 3
neuropathy were 11% and 5%, respectively (23). 

Vision disorders have been reported for nab-paclitaxel in
the literature. However, these were associated with cystoid
macular edema (28, 29). It is unclear if this caused the
temporary changes in visual acuity presenting as hyperopia
in two of our patients. 

Following recently published evidence (30) we treated two
young patients with HER2-positive disease and high Ki-67
levels at baseline with dual HER2 inhibition. The additional
therapy with lapatinib was managed clinically. However,
cutaneous side-effects prompted a dose reduction to 500 mg per
day. This was also the reason why we decided to stop lapatinib
treatment when clinical complete response had been detected.

Due to the small patient number, we cannot draw any
conclusion as to what extent lapatinib contributed to the clinical
outcome. Yet the results of studies in the neoaodjuvant and the
first-line setting seem to confirm the clinical benefit of dual
HER2 inhibition (31-33).

The handling of nab-paclitaxel is much easier than that of
conventional solvent-based paclitaxel. Nab-paclitaxel does
not require for any corticosteroid medication and can be

given as a short infusion over 30 min. In our case series,
nab-paclitaxel was very effective and well-tolerated. Based
on our experience, we regard neoadjuvant chemotherapy
with nab-paclitaxel as a valuable alternative for regimens
based on conventional solvent-based paclitaxel. The ongoing
German GeparSepto trial with an expected total of ~1,200
patients to be enrolled compares 12 weekly nab-paclitaxel to
12 weekly paclitaxel administrations both followed by 4
cycles of EC. It will provide randomized evidence on the
more appropriate taxane to be used in neoadjuvant
chemotherapy. First results are expected in 2014 (24). 
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