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Abstract Ovarian cancer is often diagnosed at advanced

stages, when poorly responsive to standard treatment. First-

line treatment consists in schemes including cytoreductive

surgery followed by adjuvant chemotherapy schemes with

platinum and taxane derivatives. Second-line regimens are

based on gemcitabine and liposomal doxorubicin. Third

line is often not worthwhile because of the high toxicity

with poor response to treatment. Previously, we showed

that paclitaxel (PTX) carried in non-protein lipid core

nanoparticles (LDE) resembling the chemical structure of

LDL has remarkably reduced toxicity. Here, the hypothesis

was tested whether PTX-LDE could safely benefit patients

in third-line treatment setting. Fourteen women unrespon-

sive to second-line chemotherapy for ovarian cancer, aged

61 ± 10 years, clinical stage IV and TqNqM1, were

included. PTX-LDE was administered at 175 mg/m2,

3/3 week dose. Patients were submitted to clinical exami-

nations before each chemotherapy cycle. Serum biochem-

istry and imaging examinations to monitor disease

progression were performed. In total, 74 cycles of

chemotherapy were done and, in all cycles, clinical or

laboratorial toxicities were not observed. Median progres-

sion-free survival (PFS) was 3.0 months (95% CI 2.0–3.9).

In four patients, PFS was [6 months and in 2[ 1 year.

The unpreceded, striking absence of toxicity and consis-

tently long PFS, compared to previous results, indicate that

at least 4 among 14 patients had tumor arrest by the

treatment and clear benefit of PTX-LDE at third-line set-

ting. The absence of observable toxicity allows dose

escalating to improve response to treatment, as perspective

to be tested in the ensuing studies.
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Introduction

Epithelial ovarian carcinoma (EOC) is the third most

common cancer in women [1] and one of the leading

causes of gynecologic cancer death. The tumor rapidly

propagates to the abdominal cavity, and patients are fre-

quently diagnosed with advanced disease. Thus, the long-

term survival prognosis is rather poor [2, 3]. Approxi-

mately 239,000 new ovarian cancer cases are diagnosed per

year around the world, with yearly occurring 152,000

deaths from the disease [4].

The first-line standard therapy for ovarian cancer con-

sists in debulking surgery followed by adjuvant combina-

tion chemotherapy based on carboplatin and taxanes. The

response to treatment is high, but the recurrence rate during

or after chemotherapy is over 75% [5, 6]. Second-line

treatment is less standardized. Platinum drugs are reintro-

duced in platinum-sensitive patients, defined as those in

whom the relapse occurred for more than 6 months after
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Carvalho Aguiar, 44, 18 subsolo, São Paulo, SP 05403-000,

Brazil

123

Med Oncol (2017) 34:151

DOI 10.1007/s12032-017-1009-z

http://crossmark.crossref.org/dialog/?doi=10.1007/s12032-017-1009-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12032-017-1009-z&amp;domain=pdf


first-line finishing [7]. Non-platinum drugs such as pacli-

taxel (PTX), gemcitabine, cyclophosphamide, oral etopo-

side, liposomal doxorubicin, topotecan [8] and, more

recently, bevacizumab [9] and PARP inhibitor drugs [10]

have been used. The prognosis of platinum-refractory

patients is pronouncedly worse than that of the platinum-

responsive patients.

Few ovarian cancer patients appear in clinical conditions

that could allow their undergoing third-line chemotherapy

designed to control the disease progression [11]. Because

of the high toxicity of the standard chemotherapy agents

and their limited effectiveness in third-line schemes, the

development of new therapeutic strategies is mandatory to

offer to those patients consistently longer progression-free

survival (PFS) [12].

Reduction in the toxicity of the anticancer drugs while

increasing or at least preserving their pharmacological

action can be achieved by designing vehicles capable of

selectively targeting neoplastic cells and tissues where they

deliver drugs while sparing the normal tissues [13, 14]. In

this regard, the overexpression of lipoprotein receptors

such as the low-density lipoprotein (LDL) receptors is a

hallmark of cancer cell metabolism which clearly differ-

entiates tumors from normal tissues. This offers an

exceptional opportunity for acquisition of drug targeting

systems [15]. The need for cholesterol and other lipids for

building of new membranes allowing the accelerated

mitosis rates determines the overexpression of the LDL

receptors [16, 17]. As found by Maranhão et al. [15], after

injection in the bloodstream, non-protein lipid nanoparti-

cles termed LDE that resemble LDL lipid structure can

bind to the LDL receptors and concentrate in the tumor

tissues drugs associated with the nanoparticles. This was

shown in patients with ovarian [18], breast [19] and other

gynecologic carcinomas [20].

In experimental animals, including non-human primates

[21], and, subsequently, in trials enrolling patients with

advanced cancers, antineoplastic agents such as PTX

[20, 22], etoposide [23, 24] and carmustine [25, 26] had the

toxicity pronouncedly decreased when carried in LDE. In

all tested LDE–drug formulations, the pharmacological

action of the carried drugs was not abated by their asso-

ciation with LDE [20, 22–25].

Previously, we had determined the pharmacokinetics of

PTX-LDE in patients with gynecological cancers [20] and

shown that, after injection in patients before surgery for

ovarian carcinoma, the LDE uptake by the tumor was

tenfold higher than by the contralateral normal ovarian

tissue [18]. Those findings prompted us to design this

single-arm phase II study of PTX-LDE as treatment for

patients with epithelial ovarian carcinoma refractory to

platinum derivatives. The endpoints of the study were the

PFS, the clinical and laboratorial toxicity under the PTX-

LDE treatment. The presence in the tumor tissues of LDL

and LRP-1 receptors that take up native LDL and LDE was

also evaluated.

Materials and methods

Patients

Fourteen consecutive volunteers with epithelial ovarian

carcinoma were selected for the study from the outpatient

clinics of the Arnaldo Vieira de Carvalho Cancer Institute,

in the city of São Paulo, Brazil, for a one-arm, non-ran-

domized, open-label phase II study. Patients had been

previously submitted to first- and second-line chemother-

apy schemes. Their physical and clinical data and previous

treatments are given in Table 1.

This study was approved by the Arnaldo Vieira de

Carvalho Cancer Institute Research Ethics Committee,

reference number 218/09.

Preparation of PTX oleate associated with LDE

To increase the stability and yield of the association with

LDE, a derivatized PTX compound, PTX oleate, was

synthesized, as previously described [27].

The PTX-LDE formulation was prepared from a lipid

mixture composed of 135 mg cholesteryl oleate, 333 mg

egg phosphatidylcholine, 132 mg Miglyol 812 N, 6 mg

cholesterol and 60 mg of PTX and the aqueous phase

comprised 100 mg of polysorbate 80 and 10 ml tris–HCl

buffer, pH 8.05. A pre-emulsion was obtained by ultrasonic

irradiation until complete drug dissolution. Emulsification

of all lipids, functionalized drug and the aqueous phase was

obtained by high-pressure homogenization using an

Emulsiflex C5 homogenizer (Avestin, Ottawa, Canada).

After homogenization cycles, the formed nanoparticle was

centrifuged and the nanoparticles are sterilized by passage

through 0.22-lm pore polycarbonate filter (Millipore,

Darmstadt, Germany) and kept at 4 �C until it was used.

The incorporation of PTX to LDE was confirmed by high-

performance liquid chromatography (Shimadzu, Columbia,

MD) developed in isocratic mode, mobile phase 100%

methanol and UV–visible detector (234 nm).

Immunohistochemistry

Five-micron-thick sections of formalin-fixed paraffin-em-

bedded ovarian cancer and adjacent tumor infiltrated tissue

were routinely processed, before surgery and previous

chemotherapy treatment. For immunohistochemical anal-

ysis, the anti-LDLR rabbit antimouse polyclonal antibody

(LifeSpan Biosciences Inc., Seattle, WA) and the anti-LRP
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antimouse monoclonal antibody (Calbiochem Merck Mil-

lipore Co., Darmstadt, Germany) were used in this study.

For immunostaining for LRP-1, antigen retrieval was

performed by heating with 10 mM citrate buffer, pH 6.0, for

30 min and cooling for 5 min at room temperature. For

immunostaining for LDLR, antigen retrieval was not nec-

essary. Endogenous peroxidase activity was blocked by

incubation in 3% hydrogen peroxide. Briefly, each tissue

section was incubated in 10% fetal calf serum for 1 h at

42 �C. The slides were then incubated overnight at 4 �Cwith

a 1:50 dilution of anti-LDLR antibody or with a 1:400

dilution of anti-LRP antibody. Next, the sections were

incubated for 30 min at room temperature with a SuperPic-

ture Polymer Detection System (Invitrogen, Carlsbad, CA).

The sections were incubated with a 3,30-diamino-benzidine

(DAB) chromogen system (Dako America Inc., Carpinteria,

CA) for 1.5 min at room temperature and then counter-

stained with hematoxylin. Between incubations, the slides

were rinsed three times for 5 min with PBS.

Fields from each section were captured at 400X mag-

nification by means of the Image Analysis System Quan-

timet 500? (Leica Microsystems, Cambridge, UK).

Results

Under PTX-LDE treatment, none of the participant patients

showed clinical or laboratorial toxicities that could be

ascribed to the treatment. In all 74 performed chemotherapy

cycles,myelotoxicity, documented by platelet, leukocyte and

red blood cell counting, was absent. Hypersensitivity reac-

tions typical of the standard, commercial PTX formulations,

including vasomotor changes and pulmonary symptoms, as

well as hepatic and renal toxicity and alopecia also did not

appear. During the treatment, all patients showed well-being

and performance status [80%. In all patients, treatment

withdrawals were decided on the basis of disease progression

and in none because of intolerability to treatment.

Table 1 shows the data of PFS of the fourteen study

subjects submitted to the PTX-LDE treatment. Among

them, 4 patients (28%) showed PFS higher than 6 months

and two showed PFS higher than 1 year. The median PFS

was 3.0 months (95% CI 2.0–3.9) (range 2–14 months).

Figure 1 shows images of immunohistochemistry

stained LDL receptors in ovarian carcinoma, and adjacent

tumor infiltration areas from tissues fragments excised in

the former debulking surgery patients were submitted.

Discussion

In this study, we showed the intense presence of LDL

receptors in the tumor sites, as obtained by immunohisto-

chemistry from four of the study patients (patients number

3, 4, 7 and 11), confirming the basic mechanism of LDE

uptake by the neoplastic cells that allows the concentration

of the nanoparticles in the tumor sites. In fact, not only the

LDL receptors but also de LRP-1 receptors were also

intensively present; both receptors have the capability of

internalizing native LDL [28, 29] and PTX-LDE. This

indicates that the several-fold greater uptake of LDE by the

tumor than by the normal ovarian tissue previously docu-

mented in women with ovarian carcinoma [18] was indeed

due to the upregulation of the lipoprotein receptors in the

neoplastic tissues. This study is the first to document the

status of lipoprotein receptors in ovarian carcinoma.

Table 1 Clinical data and progression-free survival (PFS) of the ovarian carcinoma patients treated with PTX-LDE

Patient

number

Age (years) Time from

diagnosis (years)

Previous treatment PFS

(month)

1 52 4 First line with paclitaxel and carboplatin; second line with gemcitabine 2

2 55 4 First line with paclitaxel and carboplatin; second line with gemcitabine 10

3 76 3 First line with paclitaxel and carboplatin; second line with liposomal doxorubicin 3

4 64 6 First line with paclitaxel and carboplatin; second line with gemcitabine 3

5 73 2 First line with paclitaxel and carboplatin; second line with liposomal doxorubicin 13

6 44 3 First line with paclitaxel and carboplatin; second line with gemcitabine 14

7 57 1 First line with paclitaxel and carboplatin; second line with liposomal doxorubicin 2

8 54 3 First line with paclitaxel and carboplatin; second line with gemcitabine 2

9 52 3 First line with paclitaxel and carboplatin; second line with gemcitabine 8

10 58 2 First line with paclitaxel and carboplatin; second line with liposomal doxorubicin 3

11 59 1 First line with paclitaxel and carboplatin; second line with gemcitabine 4

12 71 2 First line with paclitaxel and carboplatin; second line with gemcitabine 2

13 76 1 First line with paclitaxel and carboplatin; second line with liposomal doxorubicin 3

14 69 1 First line with paclitaxel and carboplatin; second line with gemcitabine 5
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The toxicity of the treatment is a major concern when

considering third-line chemotherapy for ovarian carci-

noma. At this stage, the feeble condition of the patients and

the prospects of poor response to the currently available

treatments do not encourage their use in view of the

expected low cost–benefit. In regard to toxicity, the results

of this study, in which PTX-LDE was used, were indeed

unpreceded. As administered at the usual, 175 mg/m2 dose,

to the 14 patients, totaling 74 chemotherapy cycles, this

formulation presented no observable clinical or laboratorial

toxicities. Therefore, the toxicity of PTX is no longer an

important contraindication or limiting factor for its use

when associated with LDE as third-line treatment.

The toxicities of standard PTX formulations, in which

polyoxyethylated castor oil is used as vehicle, consist

mainly in myelotoxicity, specially neutropenia [30], as well

as mucositis [31] and cardiotoxicities such as ventricular

arrhythmias, bradycardia and conduction blocks [32].

Hypersensitivity reactions such as dyspnea, urticaria and

arterial hypotension are related to the vehicle rather to PTX

[33]. Some other preparations have been developed and

tested in clinical trials based on drug delivery systems such

as liposomes [34], albumin macro-aggregates [35] and

polymer nanoparticles [36]. Treatment of patients with

those preparations resulted in diminution of the toxicities

related to polyoxyethylated castor oil, but the toxicities

related to PTX drug were still present [37, 38].

In respect to the toxicity of third-line chemotherapy

schemes for ovarian cancer described in the literature,

Sabbatini et al. [39] reported the results of 74 patients

treated with PTX poliglumex. This formulation consists of

PTX carried in polymeric nanoparticles and was adminis-

tered at 175 mg/m2 and at 235 mg/m2 PTX dose levels.

They observed grade III and IV neutropenia, gastroin-

testinal toxicity and neuropathy. Eleven patients were

removed from the study for toxicity. Bodnar et al. [40]

reported that among 11 patients treated with daily 800 mg

oral sorafenib, a multitargeted kinase inhibitor, one showed

grade III hematological toxicity. Grade I and II acne (7/11),

mucositis (5/11), diarrhea (3/11), arthritis (1/11) and gin-

givorrhagia (1/11) were also observed, and hand–foot

syndrome occurred in eight patients. Pignata et al. [41]

observed 37 patients treated with the combination of daily

pazopanib (800 mg) and PTX (80 mg/m2 every 28 days)

bFig. 1 Immunohistochemistry images of LDL receptors (LDLR) and

LDL receptor-related protein 1 (LRP-1) obtained in the primary

ovarian carcinoma tissues and adjacent tumor infiltration areas. a:
peritoneal tissue of patient 3. b: intestinal segment of patient 4. c–e:
right ovary, right uterine tube and great epiploon, respectively, of

patient 7. f–h: right ovary, right uterine tube and omentum,

respectively, of patient 11. 9400
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and 36 patients receiving PTX alone (80 mg/m2 every

28 days). In the group treated with the combined scheme,

grade III and IV hematological toxicity occurred in 11

patients as neutropenia, in four patients as leucopenia and

in two patients as anemia. Non-hematological toxicity

occurred in four patients as fatigue, in three patients as

hypertension. Three patients had raised aspartate or alanine

aminotransferase. In the group treated with the PTX alone

scheme, hematological toxicity occurred in one patient as

neutropenia and leucopenia, and in five patients as anemia.

Non-hematological toxicity occurred only in two patients

as fatigue. Hong et al. [42] tested gemcitabine and

vinorelbine as second- or third-line therapy in 44 patients

with either ovarian or primary peritoneal carcinomas.

Grade III or IV neutropenia was observed in 22 patients

and 15 needed immediate dose reduction. Two patients

were excluded because of toxicity. Nausea and vomiting

and fatigue were observed in roughly half of the patients.

In some of the above-mentioned studies [39, 42], patients

treated under second-line setting were also included,

together with third-line treatments. This is of note since in

second-line the toxicity would conceivably be lower than

in third-line schemes.

Described as above, regarding the toxicity of the treat-

ment, there was thus a clear-cut superiority of the PTX-LDE

monotherapy over the previous treatments tested in the

third-line setting. It is worthwhile to point out that treatment

as in patients number 2, 5, 6 and 9 could be sustained for

periods longer than the cumulative toxicities of the con-

ventional chemotherapeutic agents could have allowed.

The remarkable reduction in toxicity obtained by the use

of LDE as PTX carrier can be accounted not only for the

concentration of the drug in the tumor sites while dimin-

ishing the uptake by the normal tissues. The association

with LDE leads to profound change in biodistribution and

pharmacokinetics of the drug [37]. Together with the

sequestration of the drug into the nanoparticles that avoids

contact with the blood and other circulating fluids, the new

biodistribution is the major determinant of the toxicity

reduction.

PFS obtained from the 14 patients enrolled in this study

was 3 months, which is not essentially different from PFS

obtained in the studies dealing with other third-line treat-

ments [39, 40, 42]. The data of third-line of the study by

Bodnar et al. [40] showed that the PFS of the eleven

patients treated in third line with sorafenib was 2 months

and in none of the patients PFS was longer than 6 months.

In the study by Bruchim et al. [43] in which 63 patients

were treated in third line with a multiplicity of

chemotherapeutic agents and protocols, including topote-

can, PTX, carboplatin and oral etoposide, the median PFS

was 6 weeks. In the study by Hong et al. [42], in which 19

patients received third-line treatment with vinorelbine and

gemcitabine, the median PFS was 3.3 months and no

patients had PFS longer than 6 months. In the study by

Sabbatini et al. [39] enrolling 49 patients treated in third

line with PTX poliglumex, the median PFS was 2.8 months

and also in that study none of the patients had PFS longer

than 6 months. Thus, in none of those studies, PFS excee-

ded 6 months. In contrast, in the current study, in four of

our 14 patients (28%) the PFS exceeded 6 months, which is

a remarkable outcome, especially considering that in two

patients PFS exceeded 1 year.

In the above-mentioned studies, drugs tested in third-line

setting had not been included in the first- or second-line

chemotherapy. It is thus worthwhile to point out that all the

patients enrolled in the current study had already been

treated with standard PTX at the first-line scheme. The

subsequent progression of the disease suggests that they

have become resistant to PTX therapy. In this respect, pre-

vious PTX exposure induces drug resistance by multidrug

complex and also induces the rise of PTX-resistant tubulin

mutants [44]. Therefore, the longer PFS observed in the four

patients might suggest that PTX-LDE had somehow the

ability to overcome PTX resistance. It is also possible that if

PTX had not been used in the first- and second-line schemes,

the PFS would be longer in our patients.

The absence of clinical and laboratorial toxicity

observed here makes certainly possible to considerably

increase the dose of PTX carried in LDE aiming to increase

PFS with still good tolerability to the treatment. In this

regard, in a study enrolling patients with advanced breast

cancer, PTX-LDE at the 250 mg/m2/3/3 week dose lacked

observable toxicity [unpublished results]. Of note was the

fact that in the previous studies mentioned here [39, 42],

some patients were withdrawn or had the drug dose reduced

due to toxicity. In the current study, it was otherwise pos-

sible to continuously treat patients number 5 and 6 for more

than 1 year without noticeable signs of cumulative toxicity.

In conclusion, our data clearly support the use of PTX-

LDE as third-line monochemotherapy for ovarian cancer.

The results also suggest that PTX-LDE can be eligible for

clinical trials at first- or second-line setting in combined

chemotherapy. The lack of observable toxicity at the usual,

175 mg/m2 dose, makes room for the use of higher doses of

PTX-LDE aiming to further improve the anticancer action

of the drug.
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