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Abstract:    Breast cancer is one of the malignant tumors with the highest morbidity and mortality. It is helpful to reduce 
the rate of tumor recurrence and metastasis by treating breast cancer with adjuvant chemotherapy, so as to increase 
the cure rate or survival of patients. In recent years, liposomes have been regarded as a kind of new carrier for targeted 
drugs. Being effective for enhancing drug efficacy and reducing side effects, they have been widely used for devel-
oping anticancer drugs. As a kind of anthracycline with high anticancer activity, doxorubicin can treat or alleviate a 
variety of malignant tumors effectively when it is used on its own or in combination with other anticancer drugs. Alt-
hough liposomal doxorubicin has been extensively used in the adjuvant chemotherapy of breast cancer, its exact 
therapeutic efficacy and side effects have not been definitely proven. Various clinical studies have adopted different 
combined regimes, dosages, and staging, so their findings differ to certain extent. This paper reviews the clinical 
application of liposomal doxorubicin in the adjuvant chemotherapy of breast cancer and illustrates therapeutic effects 
and side effects of pegylated liposomal doxorubicin (PLD) and non-PLD (NPLD) in clinical research, in order to discuss 
the strategies for applying these drugs in such adjuvant chemotherapy, looking forward to providing references for 
related research and clinical treatment in terms of dosage, staging, combined regimes, and analysis methods and so on. 
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1  Introduction 

 
Breast cancer is one of the most common ma-

lignant tumors in women. According to a 2014 
American Cancer Statistical Research Report (Siegel 
et al., 2014), about 232 700 women suffered from 
breast cancer, accounting for 29% of all women with 

cancer and the highest proportion among women with 
malignant tumors; 40 000 women died of breast 
cancer, which contributed to 15% cancer deaths and 
the 2nd highest mortality of cancer among women. 
Adjuvant chemotherapy means that a tumor is treated 
by chemical drugs before or after relevant surgery or 
radiotherapy. Performing systemic and systematic 
treatment by cytotoxic drugs before surgery or radi-
otherapy, neoadjuvant chemotherapy has become the 
foremost choice for locally advanced breast cancer, 
mainly used for treating patients who have been 
proven to exhibit lymph node metastasis and wish to 
conserve their breasts in spite of the impossibility of 
them undertaking breast conserving surgery (Bear  
et al., 2003).  
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As an anthracycline and chemotherapeutic drug, 
doxorubicin was first isolated from Streptomyces 
peucetius (Minotti et al., 2004). Drugs with an-
thracyclines as the active ingredient have been widely 
used for treating cancer (Hortobágyi, 1997). Clinical 
research and application revealed that in spite of its 
potential anticancer effects, doxorubicin is highly 
toxic, and its long-term application may cause dose- 
dependent irreversible cardiomyopathy, severe car-
diac toxicity, or liver damage, thereby limiting its 
application in clinical practice (Mitra et al., 2001; 
Greish et al., 2004). In subsequent studies, the tox-
icity of the drug was effectively reduced by changing 
its dosage (Yoo et al., 2002; Yokoyama, 2005), in 
order that it could be used more widely. Compared 
with diseases such as ovarian cancer, lymphoma, and 
leukemia, it is still at an early stage of treating breast 
cancer by adjuvant chemotherapy with doxorubicin. 
The therapeutic efficacy, toxicity, and side effects 
remain to be further analyzed and demonstrated.  

As a phospholipid bilayer vesicle like biofilm in 
structure, liposome was first discovered by Bangham 
et al. (1965). Thereafter, Ryman and Whelan (1971) 
proposed using liposome as a drug carrier for im-
proving drug targeting and reducing side effects. 
Subsequently, this drug has been explored increas-
ingly more intensively and gradually more widely 
used. Current clinical studies have demonstrated that 
drugs with liposome as a carrier have advantages such 
as immunogenicity, insignificant toxicity and side 
effects, as well as easy adsorption (Tyagi et al., 2006).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

At present, doxorubicin, containing liposome as a 
drug carrier in the treatment of cancer, has been 
mainly divided into pegylated liposomal doxorubicin 
(PLD) and non-PLD (NPLD), the major difference 
being whether a polyethylene glycol-modified agent 
is contained or not.  

 
 

2  PLD and adjuvant chemotherapy of breast 
cancer 

 
PLD has been widely used for treating recurrent 

ovarian cancer and its efficacy has been generally 
recognized (Table 1). Clinical application and re-
search on PLD show that it can play a role in treating 
various malignant tumors including breast cancer. A 
study found that PLD can extend the disease-free 
survival (DFS) period for breast cancer patients at 
pathological stages I–III, suggesting that it may be 
applicable to the various pathological stages of such 
cancer treatment (Lu et al., 2016). 

2.1  Locally advanced or recurrent breast cancer 

Many clinical studies confirmed that a combined 
PLD regime (e.g. with paclitaxel, docetaxel, gamcita-
bine, and platinum drugs) is more effective for treat-
ing patients with human epidermal growth factor 
receptor 2 (HER-2) positive locally advanced or re-
current breast cancer, and the use of liposome as a 
carrier may significantly reduce the cardiac toxicity 
of the drugs. A phase-II study has suggested that after  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Chemotherapy cycles and combination drugs related to PLD 

Dosage 
(mg/m2) 

Time 
(week) 

Periodicity 
(cycle) 

Drug combination Entity/pathology Reference 

30 3 6 Gemcitabine+paclitaxel Locally advanced Artioli et al., 2010 

35 3 6 Paclitaxel Locally advanced Gogas et al., 2002 

15 2 8 Paclitaxel Locally advanced Rossi et al., 2008 

35 3 6 Cyclophosphamide+ 
trastuzumab+paclitaxel

Locally advanced/HER-2 positive Tuxen et al., 2014 

20 2 6 Cyclophosphamide Locally advanced Dellapasqua et al., 2011

25 3 8 Cisplatin+fluorouracil Locally advanced/HER-2 negative Torrisi et al., 2011 

40 3 6 Cyclophosphamide+ 
fluorouracil 

Metastatic Rau et al., 2015 

40 4 6 Lapatinib+trastuzumab Metastatic/HER-2 positive Pircher et al., 2015 

30 3 6–8 Docetaxel Metastatic Sparano et al., 2009 

20 2 8  Locally advanced and metastatic Basso et al., 2013 

40 4 6 Vinorelbine Metastatic Addeo et al., 2008 

45 4 6 Capecitabine Metastatic/HER-2 negative Smorenburg et al., 2014
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6 cycles of treatment in combination with PLD (ad-
ministered at 30 mg/m2 every three weeks), gemcita-
bine, and paclitaxel, better therapeutic efficacy was 
detected in patients with locally advanced breast 
cancer undergoing neoadjuvant chemotherapy (Arti-
oli et al., 2010). In a phase-II clinical study by Gogas 
et al. (2002) suggested that 71% of patients were 
remitted after 6 cycles of combined therapy. This 
research finding further verified the activity of com-
bined PLD and paclitaxel in neoadjuvant chemo-
therapy of patients with locally advanced breast 
cancer. Using low-dosage PLD (administered at  
15 mg/m2 every two weeks) in combination with 
paclitaxel, Rossi et al. (2008) evaluated its activity in 
neoadjuvant chemotherapy. The results suggested 
that the total effective rate reached 74%. In addition, a 
phase-II clinical study conducted by Tuxen et al. 
(2014) suggested that the combined use of PLD (ad-
ministered at 35 mg/m2 every three weeks) with cy-
clophosphamide, trastuzumab, and paclitaxel could 
achieve a total effective rate of 83% for patients with 
HER-2 positive locally advanced breast cancer. In 
particular, the expression level of HER-2 turned from 
positive into negative among a minority of patients, 
which indicated that this regime exhibited an ex-
tremely high pharmaceutical activity. In the above 
clinical studies, the adverse reactions caused by PLD 
mainly included hand-foot syndrome, skin toxicity, 
and mucosal inflammation, all of which were con-
trollable. The patients showed no obvious cardiac 
toxicity and the total effective rate in the studies 
reached over 70%. Therefore, it may be generally 
confirmed that a combined PLD regime is effective 
and safe for neoadjuvant chemotherapy in such cases. 

In addition, Dellapasqua et al. (2011) evaluated 
the role of combined PLD (administered at 20 mg/m2 
every two weeks) and low-dosage cyclophosphamide 
(50 mg/d) in the preoperative treatment of locally 
advanced breast cancer. The results suggested that 
62.1% patients had partial responses, while the re-
mainder showed no response. With regard to toxic 
and side effects, there were three patients with skin 
toxicity and four with hand-foot syndrome. This study 
showed that this regime was relatively tolerable with 
fewer toxicity and side effects, but also showed lim-
ited therapeutic efficacy, which revealed that it was 
possibly inapplicable to preoperative treatment. Tor-
risi et al. (2011) used PLD (administered at 25 mg/m2 

every three weeks) in combination with cisplatin and 
infusional fluoruracil (CCF), evaluating the thera-
peutic efficacy of this combined regime in adjuvant 
chemotherapy of patients with HER-2 negative lo-
cally advanced and recurrent breast cancer. Clinical 
responses were detected in 77.5% of enrolled patients, 
including 3 cases with complete response (7.7%), and 
it was notable that all three were estrogen receptor 
(ER) positive. This result reminds us that CCF is 
possibly effective for increasing the rate of clinical 
response to PLD, and an ER would strengthen the 
activity of PLD. Karpinska et al. (2015) discovered 
that among patients with locally advanced breast 
cancer who undertook neoadjuvant chemotherapy of 
combined PLD and docetaxol, obesity would signif-
icantly reduce their total life span, but did not influ-
ence their pathological responses to drugs. All these 
studies have suggested that the therapeutic efficacy, 
toxicity, and side effects of PLD are possibly im-
pacted by many factors when it is used for treating 
locally advanced breast cancer. Deeper exploration 
and verification will provide more references for the 
application of PLD in such cases.  

Thermotherapy is a therapy that aims to induce 
apoptosis without injuring normal tissue in view of 
the differences between normal tissue and tumor cells 
in their temperature tolerance by heating systemically 
or locally in the human body with heat energy. In 
general, it is helpful for enhancing the permeability of 
liposome in tumor micro-vessels and promoting the 
accumulation of drugs in tumors (Kong et al., 2000). 
At present, existing research results suggest that it is 
effective for increasing the therapeutic efficacy of 
PLD combined with drugs. Vujaskovic et al. (2010) 
performed thermotherapy in combination with PLD 
and paclitaxel in different doses. The results sug-
gested that when this method was used for neoadju-
vant chemotherapy of patients with locally advanced 
breast cancer, the DFS rate was up to 63% and the 
overall survival rate reached 75% within four years. 
In particular, the maximum tolerated dose of both 
drugs could reach 75 and 175 mg/m2, respectively. In 
addition, this study also discovered that patients’ 
pathological response rate was significantly related to 
thermal dose, perhaps because it was related to tumor 
vascular permeability and oxygen content being in-
creased by thermotherapy, thus playing its role in 
strengthening its therapeutic efficacy. Another phase-I 
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clinical study showed that, for patients with locally 
recurrent breast cancer, the maximum tolerated dose 
was 50 mg/m2 when the low-temperature liposomal 
doxorubicin was used together with mild local ther-
motherapy. The main III–IV grades adverse reactions 
of patients included decreased leucocytes and a total 
effective rate of 48% (Zagar et al., 2014). On the 
premise of guaranteeing safety, subsequent studies 
may further explore the optimal combined regime of 
thermotherapy and PLD.  

The results of various clinical studies have sug-
gested that a combined PLD regime exhibits re-
markable therapeutic efficacy for treating HER-2 
positive and negative breast cancer. Nevertheless, 
some studies have also shown that for triple negative 
breast patients, PLD-based adjuvant therapy may be 
performed as an alternative to those adjuvant thera-
pies without the presence of PLD, but that it may 
increase hand-foot syndrome (Lien et al., 2014). 
Franchina et al. (2012) treated two triple negative 
breast cancer patients with skin metastasis by com-
bining PLD with gemcitabine. The overall survival of 
these two patients was extended to 19 and 31 months, 
respectively. This result suggested that PLD was pos-
sibly also effective for treating triple negative breast 
cancer patients, although this awaits verification.  

2.2  Metastatic breast cancer 

In spite of its less frequent application in meta-
static breast cancer, PLD has been demonstrated to be 
significantly effective for treating the cancer. For 
instance, some studies have discovered in mouse 
models that PLD exhibited better pharmacokinetics 
than traditional doxorubicin in breast cancer metas-
tasis (Anders et al., 2013). Wu et al. (2014) discov-
ered in a mouse model that PLD was effective for 
increasing the efficacy of PLD in delivering PLD and 
combatting cancer for patients with breast cancer 
brain metastasis by PLD and short-term focused ul-
trasound thermotherapy.  

Clinical studies have demonstrated the effects of 
using PLD for adjuvant chemotherapy of advanced 
and metastatic breast cancer. Rau et al. (2015) eval-
uated the effect and safety of salvage chemotherapy 
for treating metastatic breast cancer with PLD  
(40 mg/m2)+cyclophosphamide (500 mg/m2) and 
5-fluorouracil (500 mg/m2) with the presence of 
paclitaxel in a phase-II clinical study. The results 

showed that the total effective rate was 41.9% among 
45 patients, whose median progression-free survival 
was 8.2 months and total median survival was up to 
36.6 months. In another phase-II clinical study, 
Pircher et al. (2015) performed adjuvant chemother-
apy for patients with advanced HER-2 positive breast 
cancer by PLD (administered at 40 mg/m2 every four 
weeks) in combination with lapatinib and trastuzumab. 
The results showed that the total effective rate was 
54% among patients, whose median progression-free 
survival was 5.8 months and median overall survival 
was 23.3 months. In a phase-III clinical study, Sparano 
et al. (2009) compared the combined PLD (adminis-
tered at 30 mg/m2 every three weeks) and docetaxol 
with the separate use of docetaxol. The results 
showed that, compared with single use of docetaxol, 
the combined regime did not only increase the total 
effective rate from 25% to 36%, but also prolonged 
the median time to tumor progression from 7.0 to  
9.8 months. In all above clinical studies, patients 
exhibited no evident cardiac toxicity, and controllable 
hand-foot syndrome was also a toxic and side effect 
induced by PLD. A phase-II study shows that those 
patients with metastatic breast cancer treated by many 
chemotherapies including doxorubicin, taxane, and 
PLD (25 mg/m2, once in two weeks), to a certain 
extent, experience a prolonged survival time with 
lower toxicity (Jehn et al., 2016). It is clear that a 
combined PLD regime is effective for neoadjuvant 
chemotherapy of advanced breast cancer.  

2.3  Elderly patients 

At present, it is still a challenge to determine 
how to treat elderly patients with breast cancer. Thus, 
some studies have specially evaluated the role of a 
combined PLD regime in chemotherapy of elderly 
patients with breast cancer and adopted dosages sim-
ilar to other clinical studies. Basso et al. (2013) ex-
amined the therapeutic efficacy of PLD (administered 
at 20 mg/m2 every two weeks) for elderly patients 
with advanced breast cancer, and all patients enrolled 
were older than 70 years, among whom the total ef-
fective rate was 33.3% and the average median time 
to tumor progression was 10.3 months. Observed 
III–IV grades toxic and side effects included a small 
amount of anemia, mocusal inflammation, infection, 
pulmonary embolism, but no cardiac toxicity. Addeo 
et al. (2008) evaluated the combined regime of PLD 
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(administered at 40 mg/m2 every four weeks) and 
navelbine (administered at 25 mg/m2 every four weeks) 
and its therapeutic efficacy for first-line chemother-
apy of elderly patients with metastatic breast cancer. 
The results showed that the total effective rate was 
50% among 34 enrolled patients, among whom 3 
patients with complete remission survived for over a 
year. Neutropenia was observed among these three 
patients, who had neither other toxic nor side effects. 
The research suggested that this combined regime 
was more suitable for elderly patients with metastatic 
breast cancer. In their phase-III clinical study, 
Smorenburg et al. (2014) compared PLD (adminis-
tered at 45 mg/m2 every four weeks) with capecitabine 
in first-line chemotherapy of elderly patients with 
metastatic breast cancer in terms of their therapeutic 
efficacy and safety, while the patients were mostly 
HER-2 negative. The results indicated that both drugs 
were similar in therapeutic effects and safety among 
elderly patients, whereas the patients over 80 years 
could seldom undertake the chemotherapy.  

Research has intensified, and there have been 
studies aiming to improve the specific application of 
PLD in adjuvant chemotherapy of breast cancer. For 
instance, Goel and Gude (2014) discovered that 
combined PLD and pentoxifylline were effective in 
combatting breast cancer and cell metastasis in vivo 
and in vitro. According to numerous studies, when 
PLD was used for adjuvant chemotherapy of breast 
cancer, hand-foot syndrome was the major adverse 
reaction. It was discovered by Templeton et al. (2014) 
that anti-perspirant containing aluminum chloride 
was effective for alleviating PLD-induced grades 
II–III hand-foot syndrome. There is still great poten-
tial for improving the therapeutic efficacy of PLD for 
neoadjuvant therapy of breast cancer. Although the  
 

 
 
 
 
 
 
 
 
 
 
 

toxic and side effects of PLD may be greatly ame-
liorated by the presence of liposome, it is also nec-
essary to design regimens for alleviating the effects.  

 
 

3  NPLD and adjuvant chemotherapy of 
breast cancer 

 
At present, NPLD is mainly aimed at patients 

with breast cancer, especially those with metastatic 
breast cancer (Table 2). From a regression analysis, it 
is clear that it has become one of the most common 
drugs for first-line chemotherapy of breast cancer in 
clinical practice. Its toxic and side effects are mostly 
grades II and III with relatively low cardiac toxicity 
(Palmieri et al., 2014). Different from PLD, NPLD 
does not contain any poly(ethylene glycol) (PEG) 
modifier, and exhibits a short half-life in vivo. Therefore, 
the dosage of NPLD is significantly higher than that 
of PLD in clinical research and generally ranges from 
50 to 70 mg/m2, administered every three weeks.  

3.1  Metastatic breast cancer  

3.1.1  HER-2 positive  

Studies have shown that the efficacy of PLD is 
significantly connected with the HER-2 level of pa-
tients, and this also seems to be true for NPLD, i.e. its 
efficacy is more obvious for HER-2 positive patients. 
In GEICAM 2003-03 research (Antón et al., 2011), 
the combined regime of NPLD (50 mg/m2)+paclitaxel 
(60 mg/m2)+trastuzumab (2 mg/kg) contributed to 
pathologic complete remission of 42% of patients 
with HER-2 positive metastatic breast cancer who 
undertook neoadjuvant chemotherapy, and then 
71% of patients received breast conserving surgery.  
 

 
 
 
 
 
 
 
 
 
 

 

Table 2  Chemotherapy cycles and combination drugs related to NPLD 

Dosage 
(mg/m2) 

Time 
(week) 

Periodicity 
(cycle) 

Drug combination Entity/pathology Reference 

50 3 6 Trastuzumab+paclitaxel Metastatic/HER-2 positive Antón et al., 2011 

60 3 6 Trastuzumab+paclitaxel Metastatic/HER-2 positive Saracchini et al., 2013 

50 3 6 Trastuzumab+paclitaxel Metastatic/HER-2 positive Gavilá et al., 2015 

50 3 6 Trastuzumab+paclitaxel Metastatic/HER-2 positive Baselga et al., 2014 

60 3 6 Cyclophosphamide+paclitaxel Metastatic/HER-2 negative Vici et al., 2014 

50–60 3 6 Gemcitabine+paclitaxel Locally advanced Schmid et al., 2005b 

60 3 6 Gemcitabine+paclitaxel Early stage Schmid et al., 2005a 

 



Zhao et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol)   2017 18(1):15-26 20

Detected grades III–IV adverse reactions mainly in-
cluded neutropenia and fatigue. Grade II cardiac 
toxicity (declined atrial ejection fraction) was also 
detected in nine patients, while no heart failure was 
found. Aiming at patients with HER-2 positive met-
astatic breast cancer, another phase-II clinical study 
evaluated the effects of combined NPLD (60 mg/m2), 
paclitaxel (60 mg/m2), and trastuzumab (2 mg/kg) for 
primary systemic treatment of breast cancer. Among 
39 patients, complete remission and partial remission 
were detected in over 17 and 19 patients, respectively. 
After medication, possible cardiac toxicity of 
trastuzumab was not detected among patients (Sar-
acchini et al., 2013). Gavilá et al. (2015) assessed the 
therapeutic efficacy and safety of NPLD in neoadju-
vant chemotherapy of metastatic breast cancer, in-
cluding the combination of NPLD (50 mg/m2) with 
trastuzumab (2 mg/kg) and paclitaxel (80 mg/m2). 
The results suggested that partial remission was de-
tected in 36 patients (63%), and another 12 patients 
(21%) tended to be partially remitted. Additionally, 
no cardiac toxicity was detected in those patients. 
Subsequently, Baselga et al. (2014) compared the 
combined regime of NLDP (50 mg/m2), trastuzumab 
(2 mg/kg), and paclitaxel (80 mg/m2) (MTP group) 
with trastuzumab combined with paclitaxel (TP group) 
among patients with HER-2 positive metastatic breast 
cancer. The median overall survival was 33.6 and 
28.9 months for MTP and TP groups, respectively. It 
is thus clear that NPLD is effective for prolonging the 
survival of patients. The patients of the MTP group 
had a little more adverse reactions, but their cardiac 
toxicity did not increase significantly. In addition, this 
study also found that NPLD exhibited more remark-
able effects in treating receptor ER and progesterone 
receptor (PR)-negative patients, so more in-depth 
clinical trials could be conducted. Apparently, without 
inducing cardiac toxicity, a combined regime of NPLD, 
trastuzumab, and paclitaxel is highly effective for 
treating patients with HER-2 positive metastatic breast 
cancer, and in particular, exhibits a considerably high 
complete remission rate (Uriarte-Pinto et al., 2016).  

3.1.2  HER-2 negative  

There are relatively few reports on the applica-
tion of NPLD in the neoadjuvant chemotherapy of 
patients with HER-2 negative breast cancer, but cur-
rent studies showed that its efficacy for patients with 

HER-2 negative breast cancer might be also ideal. 
Vici et al. (2014) evaluated the efficacy of combined 
NPLD (60 mg/m2), cyclophosphamide (60 mg/m2), 
and paclitaxel (100 mg/m2) in neoadjuvant chemo-
therapy of metastatic breast cancer and patients’ tol-
erance to this combined regime. The study included 
50 patients with HER-2 negative breast cancer, who 
were treated through four cycles in total. The results 
showed that 10 patients achieved pathological com-
plete remission (20.0%) and 35 patients were detected 
with pathological partial remission (67.5%), among 
whom, the pathological partial remission rate was 
37.5% among patients with triple negative breast 
cancer. As observed, myelosuppression and hand-foot 
syndrome were the most frequent toxic and side ef-
fects of this combined regime, which had insignifi-
cant cardiac toxicity. In the combined regime of this 
study, cyclophosphamide is used as an alternative to 
trastuzumab (which is commonly used for chemo-
therapy of HER-2 positive patients), in order that 
relatively good effects could be achieved by com-
bined NPLD, cyclophosphamide, and paclitaxel in 
treating HER-2 negative patients. Provided that this 
conclusion can be further verified, the application of 
NPLD in neoadjuvant chemotherapy of breast cancer 
will be greatly expanded.  

In addition, a single-center retrospective analysis 
showed that NLPD combined with cyclophospha-
mide was significantly effective for treating brain 
metastasis in patients with breast cancer (total effec-
tive rate of these patients was 50% and overall sur-
vival was 23 months) without any grades III–IV ad-
verse reactions (Linot et al., 2014). Therefore, this is a 
viable chemotherapy for such patients before their 
brain radiotherapy.  

3.2  Early or locally advanced breast cancer 

Although a combined PLD regime is used as a 
major alternative in neoadjuvant chemotherapy of 
early or locally advanced breast cancer, some studies 
suggested that NPLD is also effective for treating 
such breast cancer. By retrospective analysis, Da-
vidson et al. (2014) evaluated the effectiveness and 
safety of a combined NPLD regime for treating pa-
tients with early breast cancer. The results showed 
that five-year DFS rate of patients was up to 86% and 
the mean of left ventricular ejection fraction (LVEF) 
was still greater than 55%. In addition, the value of 
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LVEF was not affected by the combined use with 
trastuzumab nor patients’ age. Therefore, better tol-
erance and efficacy are detected in patients with early 
breast cancer when NPLD is used. In an earlier 
phase-I clinical study, a combined regime of NPLD 
(50–60 mg/m2)+gemcitabine (350–400 mg/m2)+ 
paclitaxel (60–75 mg/m2) induced clinical remission 
among 83% of patients with locally advanced breast 
cancer. In this study, adverse reactions of patients 
mainly included stomatitis, nausea, diarrhea, infec-
tion, and constipation, while heart, kidney, lung, or 
neurotoxicity was not detected. Therefore, NPLD is 
considered to be able to enter phase-II clinical re-
search in neoadjuvant chemotherapy of breast cancer 
(Schmid et al., 2005a). In addition, Schmid et al. 
(2005b) found from a phase-II clinical study that  
a combination of NPLD (60 mg/m2), paclitaxel  
(75 mg/m2), and gemcitabine (350 mg/m2) in the 
initial chemotherapy of breast cancer achieved a re-
mission rate of 80% among phases II–III patients, and 
complete clinical remission was detected in about 
25% of patients. In terms of side effects, only above 
grade III was reached by myelosuppression, and 
non-hematologic adverse reactions were mild. Hence, 
this regime is significantly effective for treating early 
breast cancer and deemed to be suitable for entering 
the stage of phase-III clinical research. 

 
 

4  Strategies for applying PLD/NPLD in ad-
juvant chemotherapy of breast cancer  

4.1  Research and application based on HER-2 
gene level 

HER-2 gene amplification is one of most im-
portant factors that affect breast cancer growth and 
metastasis, while identification of HER-2 gene 
over-expression is also an important index for de-
veloping pertinent therapeutic schemes for treating 
breast cancer. For example, trastuzumab, pertuzumab, 
and some small molecule tyrosinase inhibitors gen-
erally only play roles in HER-2 positive breast cancer 
patients (Gagliato et al., 2016). PLD-related clinical 
research suggests that PLD is significantly effective 
in treating both HER-2 positive and negative patients. 
In general, higher metastases, especially visceral 
metastasis and brain metastasis, are detected in triple 
negative breast cancer (O'Reilly et al., 2016). Alt-

hough both PLD and NPLD are found to inhibit tumor 
metastasis, current research findings showed that the 
efficacy of PLD in triple negative breast cancer pa-
tients is insignificant. NPLD-related clinical studies 
pay more attention to exploring HER-2 positive 
metastatic breast cancer, but rarely suggest significant 
efficacy of NPLD for treating patients with HER-2 
negative breast cancer (Linot et al., 2014). This re-
mains to be verified by more studies. In fact, although 
HER-2 level has been adopted as a reference index of 
doxorubicin in clinical practice, the specific interac-
tion mechanism between both them has not yet been 
discovered, so the scope of clinical application of 
PLD/NPLD needs to be further clarified.  

4.2  Optimization of combined regime  

For cancer chemotherapy, reasonably combined 
chemotherapy of multiple drugs is significantly more 
effective than a single drug. At present, a CAF (cy-
clophosphamide, doxorubicin (adriamycin), and 
fluorouracil) regime has become one of the interna-
tionally recognized regimes with better efficacy in the 
neoadjuvant chemotherapy of breast cancer. Higher 
cardiac toxicity is the major problem of this regime. 
According to many clinical research findings men-
tioned in this paper, the application of liposome as a 
carrier may significantly reduce the cardiac toxicity 
of doxorubicin, so that it can become an effective and 
safe combined regime. Currently, the optimal com-
bined regimen based on PLD/NPLD needs to be fur-
ther optimized. Given the different combined regimes 
of clinical studies, and the fact that the pathological 
information of patients also differs, it appears to be 
unreasonable to discuss the optimal combined regime 
based on such information. Therefore, it would be 
helpful for developing or optimizing the optimal com-
bined regime based on PLD/NPLD by systematically 
comparing and exploring multiple combinations.  

4.3  Rationalization of dosage and cycle 

The most suitable dosage and cycle of PLD/ 
NPLD-based neoadjuvant chemotherapy of breast 
cancer have not yet been conclusively decided. Most 
regimes refer to other PLD/NPLD-based therapies to 
tackle tumors in terms of their dosage and cycle. 
Based on the above clinical studies, PLD is mainly 
administered at 15–20 mg/m2 every two weeks, 
25–35 mg/m2 every three weeks, or 40–45 mg/m2 
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every four weeks, while NPLD is primarily adminis-
tered at 50–70 mg/m2 every three weeks. Although 
clinical studies on different dosages and cycles can 
show a certain effect, determining the optimum dos-
age and cycle needs further work. In particular, given 
patients of different pathological statuses or at different 
stages of chemotherapy, the best dosage and cycle are 
likely to differ, and the best dosage and cycle under 
different combination programs may also be different. 
Therefore, a research program, with systematic 
comparison on efficacy and side effects of different 
dosages and cycles to the same class of patients is 
very important to be able to make the most rational 
use of PLD/NPLD in neoadjuvant chemotherapy for 
breast cancer. In addition, the use of PLD/NPLD 
within the range will not produce serious toxic and side 
effects, and in clinical studies of using high-dosage 
PLD/NPLD, the patients’ adverse reactions have no 
significant increase. This suggests that future clinical 
studies can try adding a small dosage in order to 
achieve better efficacy without compromising safety. 

4.4  Molecular index and prognosis  

At the molecular level, the malignancy of breast 
cancer, the possibilities of invasion, recurrence, and 
metastasis as well as the prognosis are evaluated, in 
order to make up for the deficiencies of prognostic 
evaluation in the clinical setting and pathology. This 
can provide evidence for further developing reason-
able regimes for adjuvant therapies. In recent years, 
researchers have discovered from pathological typing 
that many kinds of molecules can be used as prog-
nostic indicators of neoadjuvant chemotherapy of 
breast cancer. For instance, over-expression of FOXA1 
protein and BCL-2 protein are deemed to be nega-
tively correlated to prognosis of ER positive breast 
cancer and triple negative breast cancer (Abdel-Fatah 
et al., 2013; Xu et al., 2015), while over-expression of 
the LC3B protein is considered to have a positive 
correlation with the prognosis of locally advanced 
breast cancer (Chen et al., 2013).  

At present, although a lot of molecular prognos-
tic indices of neoadjuvant chemotherapy for breast 
cancer have been found, very few studies have fo-
cused on exploring those indices in a single regime. In 
terms of doxorubicin, Kim et al. (2015) studied and 
proposed that ABCB1 gene polymorphism may be 
considered as a prognostic index of patients with 

breast cancer undertaking combined PLD and 
docetaxel neoadjuvant chemotherapy. This study 
found that the 3435TT subtype of ABCB1 gene con-
tributed to a longer overall survival of patients after 
their treatment. More studies of this type would pro-
vide more references for rational improvement of 
neoadjuvant chemotherapy with the presence of lip-
osomal doxorubicin. 

4.5  Statistical analysis based on a large number of 
samples 

Although clinical experimental results on small 
samples have shown the roles of PLD/NPLD in ne-
oadjuvant chemotherapy of breast cancer, there are 
differences among the results, and the evaluation 
criteria are not the same in each case. Therefore, the 
results of statistical analysis incorporating several 
studies are highly valuable as a reference. For exam-
ple, the latest meta-analysis suggested that patients’ 
total effective rate in LD-based neoadjuvant chemo-
therapy of breast cancer was significantly higher 
compared with traditional chemotherapy with doxo-
rubicin, and the cardiac toxicity of the chemotherapy 
declined significantly (Xing et al., 2015). Further-
more, the progression-free survival and total survival 
of patients increased when liposomal doxorubicin 
was used, whereas it showed no significant statistical 
difference from traditional therapy with doxorubicin. 
Another meta-analysis suggests that, compared to the 
animal model, the effect of PLD is not significantly 
enhanced compared with the traditional doxorubicin, 
and an optimized dosage regimen and method are still 
needed (Petersen et al., 2016). With the performance 
of ongoing clinical studies, different objects may be 
set for comparison in such analysis, so as to obtain 
more valuable information, which may be further 
verified by pertinent clinical studies.  

 

 
5  Conclusions 

 
Anthracyclines play important roles in neoad-

juvant chemotherapy of breast cancer, where the 
combination with doxorubicin is one of the major 
medication strategies. Although their efficacy has 
been fully recognized, some problems that emerge 
during the medication remain to be solved, including 
the side effects of cardiac toxicity. However, the  
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application of liposomes as carriers can, to a consid-
erable extent, solve these problems. By reviewing 
numerous clinical research findings, it can be seen 
that the toxic and side effects of chemotherapy with 
PLD mainly include myelosuppression, hand-foot 
syndrome, and stomatitis, all of which can be effec-
tively controlled (Duggan and Keating, 2011). Like-
wise, NPLD clinical studies also consistently show 
that PLD does not have obvious cardiac toxicity. The 
efficacy of a combined PLD/NPLD regime in the 
neoadjuvant chemotherapy of breast cancer is also 
affirmed by clinical studies, especially for patients 
with an HER-2 positive receptor. PLD and NPLD 
have been examined in corresponding clinical studies 
in each pathological stage of breast cancer, and both 
of them exhibited good efficacy in most physiological 
stages. In 2010, some oncologists, pharmacologists 
and cardiologists held a meeting in Florence, Italy and 
reached a consensus that PLD/NPLD should be used 
for treating tumors like breast cancer in place of tra-
ditional doxorubicin (Airoldi et al., 2011).  

On the other hand, current PLD/NPLD clinical 
studies also have some limitations. Firstly, the com-
bined regime, dosage, patients’ pathological infor-
mation, and evaluation methods of various studies are 
different. It is difficult to know which regime is most 
effective for treating patients with breast cancer 
whose pathological typing differs, so the possibility 
of improvement of the medication is limited. Sec-
ondly, the sample size of clinical studies is generally 
small and research findings are influenced by many 
factors. In this case, the conclusions could be incon-
sistent with the real situation because of random er-
rors. In addition, the specific mechanism of the role of 
PLD/NPLD in breast cancer treatment remains un-
clear, so there is a lack of powerful theoretical support 
for all research findings. Univariate comparative 
research, data analysis of numerous data, and further 
fundamental research will be helpful in solving the 
above problems. In summary, new anthracyclines, 
PLD and NPLD, significantly reduce toxic and side 
effects while maintaining their efficacy, and it is ex-
pected to become one of drugs indispensable for ad-
juvant chemotherapy of breast cancer. 
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中文概要 
 

题 目：多柔比星脂质体在乳腺癌辅助化疗中的临床应用 
概 要：通过综述多柔比星脂质体在乳腺癌辅助化疗中的

临床应用，分别阐述临床研究中聚乙二醇多柔比

星脂质体（PLD）与非聚乙二醇多柔比星脂质体

（NPLD）的治疗效果及毒副作用。进而探讨其

在乳腺癌辅助化疗中的使用策略，在用药剂量、

分期、联合方案及分析方法等方面，为相关研究

及临床治疗提供有价值的参考。 
关键词：多柔比星脂质体；乳腺癌；辅助化疗；疗效；毒

副作用 


