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EXPERTS' OPINION

Novel formulations of docetaxel, paclitaxel and doxorubicin
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Abstract. The management of breast cancer with advanced
disease or metastasis is a common problem in India and
other countries. A panel of 13 oncology experts deliberated
on the sidelines of the 35th Indian Cooperative Oncology
Network Conference held in Mumbai to formulate an expert
opinion recommendation on the novel drug delivery system
(NDDS) formulations in the treatment of metastatic breast
cancer (MBC). The survey comprised of 39 questions related
to limitations of conventional formulations and therapeutic
positioning of NDDS formulations of docetaxel, paclitaxel
and doxorubicin in the management of MBC. The experts used
data from published literature and their practical experience to
provide expert opinion and recommendations for use by the
community oncologists. The experts opined that the newer
NDDS formulations should provide a significant efficacy
advantage in terms of overall survival and progression-free
survival, or demonstrate better tolerability when compared
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with conventional formulations. The newer NDDS formula-
tions of taxanes should be considered in special circumstances
such as diabetes, in patients who have had hypersensitivity
reactions and in cases where steroids need to be avoided. The
novel formulations of doxorubicin should be used in the elderly
and in patients with borderline cardiac function.

Introduction

Breast cancer is the second most common cancer globally, and
the most common cancer in women, with an estimated diag-
nosis of 1.67 million new cases and 522,000 deaths in 2012 (1).
It has an age adjusted incidence of 144,937 cases (27%), a
mortality rate of 21.5% and a 5-year prevalence rate of 35.3%,
which is the highest amongst all cancer types among women
in India (1). Breast cancer accounts for 25-32% of all female
cancers in India (2), and is found more in the urban areas (3).
The diagnosis of breast cancer in India is generally made at a
relatively advanced stage (4). Metastatic breast cancer (MBC)
has a median survival of ~2-3 years with rare long-term survi-
vors (5-year survival rates vary from 5 to 10%) (5).

Taxanes (docetaxel, paclitaxel) and anthracyclines (doxo-
rubicin) are the most active and common chemotherapeutic
agents used in the management of MBC with an objective
response yield of 20-80% as single agents (6-8). Although these
chemotherapeutic agents have led to improvements in survival,
they are associated with a few challenges regarding their
safety (9), for example, acute hypersensitivity reactions (10),
fluid retention (11), and peripheral neuropathy (12) with
docetaxel; severe anaphylactoid hypersensitivity reactions,
hyperlipidemia, abnormal lipoprotein patterns, aggregation of
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erythrocytes, peripheral neuropathy (13) and altered pharma-
cokinetic profile with paclitaxel (14); cardiotoxicity, narrow
therapeutic index myelosuppression, alopecia, severe acute
nausea and vomiting, and mucositis with doxorubicin (15).

Consequently, to overcome the undesirable toxicities
of these conventional formulations, several novel drug
delivery approaches including liposomes, PEGylated
nanoliposomes, nanostructured lipid carriers (NLCs), poly
(lactide-co-glycolide) (PLGA) nanospheres, chitosan nanopar-
ticles, conjugates, oral solid dispersion and B-cyclodextrin
complexes have been investigated (16). The novel drug delivery
systems (NDDS) provide remarkable advantages in terms
of enhancement of solubility, bioavailability, stability, tissue
macrophages distribution, pharmacological activity, sustained
delivery, protection from toxicity, and physical and chemical
degradation (17).

To facilitate and draw the attention of the oncologist
community towards the optimal use of NDDS formulations
in the management of MBC, a meeting of a panel of oncology
experts from India was held to opine at the 35th ICON
conference in Mumbai, India, on 10th September 2016. The
objectives of the meeting were to examine the limitations
of conventional formulations and advantages of novel drug
formulations, and provide expert opinion on the use of novel
drug formulations of docetaxel, paclitaxel, and doxorubicin
in the management of MBC based on published evidence and
own experience.

Methodology

The expert opinion meeting at the 35th Indian Cooperative
Oncology Network Conference, 2016 was moderated by
Dr Senthil Rajappa and Dr Ashish Joshi. Sets of question-
naires on the positioning of NDDS formulations of docetaxel,
paclitaxel and doxorubicin in the management of MBC were
prepared based on the available published data and sugges-
tions from experts in the field. Presentations were made to
discuss the limitations of conventional formulations, and the
therapeutic positioning of novel formulations, followed by
the circulation of questionnaires to all 13 panel members for
discussion and voting to elicit their expert opinion, during the
meeting. Drs Nisarg Joshi, Jaykumar Sejpal, Deepak Bunger
and Mujtaba Khan (Intas Pharmaceuticals, Ltd., Ahmedabad,
India) were not a part of voting. The details of the questions
asked and the experts' opinions with available evidence are
summarized below for docetaxel, paclitaxel and doxorubicin.

Docetaxel

Dosing schedule. Conventional docetaxel is approved for the
treatment of MBC as a single agent at a dose of 60-100 mg/m?
administered intravenously every 3 weeks (18). In a phase III
study, as a second-line treatment for advanced breast cancer,
increasing the dose of docetaxel across the dose range of
60-100 mg/m? every 3 weeks was associated with a promising
response and an improved time to disease progression (TTP) (19).
Higher doses of docetaxel can be given to those patients initially
started at 60 mg/m? dose in the absence of adverse effects (18).
The National Comprehensive Cancer Network (NCCN)
guidelines recommend docetaxel (60-100 mg/m? every
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3 weeks) as a single agent or in combination (at 75 mg/m?)
with capecitabine for the treatment of recurrent or MBC (20).
Docetaxel (75 mg/m?) in combination with capecitabine
(950 mg/m? orally twice daily) given 3-weekly was effective
in prolonging the TTP with considerable safety profile, and
was recommended as a front-line treatment of advanced breast
cancer (21).

Docetaxel in combination with trastuzumab + pertu-
zumab is recommended as the preferred first line agent for
human epidermal growth factor receptor 2 (HER?2) positive
MBC. In HER?2 positive MBC patients, 3-weekly docetaxel
(100 mg/m?) in combination with trastuzumab (4 mg/kg
loading dose followed by 2 mg/kg weekly) showed a high
overall response rate (ORR), overall survival (OS), response
duration, time to progression, and time to treatment failure
(TTF); toxicity was little more than docetaxel single agent (22).
Similarly, weekly docetaxel (35 mg/m?) in combination with
trastuzumab (4 mg/kgloading dose followed by 2 mg/kg weekly)
showed a high ORR (67%) in patients with HER2 positive
MBC (23). Furthermore, 3-weekly docetaxel (75-100 mg/m?)
in combination with pertuzumab (840 mg day 1 followed by
420 mg) + trastuzumab (8 mg/kg loading dose followed by
6 mg/kg), when used as first-line treatment for HER2 posi-
tive disease, significantly prolonged progression-free survival
(PFS) as compared with docetaxel + trastuzumab; no increase
in cardiac toxicity was observed (24).

Docetaxel (100 mg/m? 3 weekly) in combination with
bevacizumab (15 mg/kg 3 weekly) showed improved median
PFS in HER2 negative MBC patients in a phase III study (25).
A retrospective analysis of phase I1I clinical data demonstrated
the effectiveness of docetaxel alone or in combination with
capecitabine in patients with ER positive or negative MBC (26).
Furthermore, docetaxel in combination with cisplatin was
effective (PFS: 10.4 months) as the first-line treatment of
metastatic triple-negative breast cancer (mMTNBC) (27).

Overall, the expert panel members (100%) opined that the
most preferred dose of docetaxel as a single agent in MBC is
75 mg/m? (Table ).

Challenges with conventional docetaxel formulations. The
most common challenges with docetaxel treatment in the
clinical setting include the requirement of corticosteroid
premedication as severe hypersensitivity reactions have been
reported with some cases of fatal anaphylaxis, and fluid reten-
tion (18), which are attributed to the carrier, polysorbate 80,
used in the formulation. The expert panel members opined
that neutropenia, corticosteroid premedication and edema
are the most common challenges, which may limit the use of
docetaxel. Even if these toxicities were manageable, all the
members (100%) concurred that they would prefer not to use
100 mg/m? dose for the treatment of MBC (Table I).

Use of granulocyte colony stimulating factor (GCSF).
Real-world clinical data indicates that patients treated with
chemotherapy often require GCSF support to address the risk
of neutropenia. The expert panel members (100%) agreed
that they use primary prophylaxis with filgrastim, a GCSF,
irrespective of the dose of docetaxel (Table I). In a retrospec-
tive analysis conducted by Ashraf et al, in adult patients with
solid tumors, who received the novel formulation of docetaxel,
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Table I. Expert's opinion on use of docetaxel, paclitaxel and doxorubicin formulations in MBC.

Dosing schedule of docetaxel Experts' opinion (% of responding experts)

Q 1. What is your preferred dose of docetaxel as a single agent in MBC?
a) 60 mg/m?
b) 75 mg/m?
¢) 100 mg/m?

75 mg/m?(100)

Challenges with conventional docetaxel formulations

Q 2. In your clinical practice, which are the most common limitations of
conventional docetaxel that limit its use?
Q 3. If toxicity was manageable, would you use 100 mg/m?* dose in MBC?
a) Yes
b) No

Neutropenia, use of steroids as
premedication, and edema
No (100)

Use of granulocyte colony stimulating factor

Q 4. Do you use primary prophylaxis with GCSF irrespective of the dose?
a) Yes
b) No

Yes (100)

Duration of taxane therapy

Q 5. From toxicity point of view, which is the preferred taxane and schedule?
a) Paclitaxel 3 weekly
b) Paclitaxel weekly
c¢) Docetaxel 3 weekly
d) Docetaxel weekly
Q 6. What is your taxane of choice in patients who can not come to the
hospital weekly for logistic reasons?
a) Paclitaxel 3 weekly
b) Paclitaxel weekly
¢) Docetaxel 3 weekly
d) Docetaxel weekly

Paclitaxel weekly (100)

Paclitaxel 3 weekly (100)

Corticosteroid premedication

Q 7. Are we strict with steroid prophylaxis?

a) Yes

b) No
Q 8.1Is use of steroid premedication a major worry with respect to infections
and hyperglycemia?

a) Yes

b) No
Q 9. Which of following is the most important reason to choose the
novel formulation of docetaxel over the conventional one?

a) Efficacy

b) Toxicity

¢) No need of corticosteroid premedication

d) Better QOL for patients
Q 10. Do you feel that using a novel formulation of docetaxel would add
value to current management of breast cancer in a metastatic setting?

a) Yes

b) No

Yes (100)

Yes (100)

No need of corticosteroid
premedication (100)

Yes (85)



3760 RAJAPPA et al: DOCETAXEL, PACLITAXEL AND DOXORUBICIN IN MBC

Table I. Continued.

Novel formulations of docetaxel

Q 11. Is the data of NDLS convincing with regards to?
a) Efficacy
b) Safety

Q 12. In what fraction of patients who are eligible for docetaxel, you use a novel

formulation in your clinical practice currently?

Q 13. In your opinion, using a novel formulation of docetaxel would add
value in which setting of breast cancer?

a) Metastatic setting

b) Neoadjuvant setting

¢) Adjuvant setting
Q 14. If cost of novel formulations is not a constraint, I will prescribe novel
formulation of docetaxel for:

a) All my patients who are candidates for docetaxel

b) Some of my patients in special circumstances

¢) None of my patients
Q 15. In which sub-group of patients would you strongly prefer novel
formulation of docetaxel over conventional formulation?

Safety (85)

Not sure (15)

More data on efficacy is needed (100)
In 10-30% of patients (62)

In <10% of patients (15)

No response (23)

Metastatic setting (85)

Not sure (15)

Some of my patients in
special circumstances (100)

Diabetics and patients in whom to avoid
steroids in a metastatic setting (100)

Dosing schedule of paclitaxel

Q 16. What is your preferred regimen for paclitaxel in the management
of metastatic breast cancer?

a) Weekly (80 to 100 mg/m?)

b) Every three weeks (175 mg/m?)

c¢) Other specify

Weekly (80 to 100 mg/m?) (100)

Challenges with conventional paclitaxel formulations

Q 17. Which are the most troublesome problems with conventional paclitaxel?

Hypersensitivity reactions, neuropathy,
need for special IV infusion set, and
longer infusion time (100)

Novel formulations of paclitaxel

Q 18. What is the most feasible dose of weekly nab-paclitaxel in
MBC in our country?

a) 100 mg/m?

b) 125 mg/m?

¢) 150 mg/m?

d) Other specify
Q 19. Do you feel that prescribing novel formulation of paclitaxel would
add value to the current management of metastatic breast cancer?

a) Yes

b) No

¢) Not sure
Q 20. Which of the following is the greatest advantage offered by a
cremaphor free paclitaxel formulation?

a) Efficacy

b) Safety

¢) Avoiding steroid premedication

d) Short infusion time

100 mg/m?(100)

Yes (100)

Avoiding steroid premedication (100)
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e) Better QOL for patients
f) Other, specify
Q 21. With lower doses of dexamethasone 4 mg being adequate for
prophylaxis, would you still want to avoid conventional paclitaxel?
a) Yes
b) No
¢) Not sure
Q 22. In your opinion, using novel formulation of paclitaxel adds
value in which setting for breast cancer?
a) Neoadjuvant setting
b) Adjuvant setting
¢) Metastatic setting
Q 23. What fraction of patients who are eligible for paclitaxel,
do you use novel formulation in your clinical practice?
Q 24. If cost of novel formulation is not a constraint, I will prescribe
novel formulation of paclitaxel for ...
a) All of my patients who are candidates for paclitaxel
b) Some of my patients in special circumstances
¢) None of my patients
Q 25. In which sub-group of patients (any specific clinical settings or
sub types of breast cancer) do you strongly prefer novel formulation
of paclitaxel over conventional formulation?

Yes (46)
No (54)

Metastatic setting (100)

<10% of patients (92);
10-20% (8)

Some of my patients in special
circumstances (100)

Diabetics, patients who had

hypersensitivity reactions to convent
ional paclitaxel formulation and in
whom steroid needs to be avoided (100)

Pegylated liposomal doxorubicin

Q 26. What is the most common dose of PLD in clinical practice?
a) 30 mg/m?
b) 40 mg/m?
¢) 50 mg/m?

40-50 mg/m?(100)

PLD vs. conventional doxorubicin

Q 27. In which setting do you prefer PLD over conventional doxorubicin?

a) Adjuvant
b) Neoadjuvant
¢) Metastatic
d) All
e) None
Q 28. Do you think that PLD is less cardiotoxic?
a) Yes
b) No
¢) Not sure
Q 29. Do you feel that there is enough evidence to prove that PLD is
more effective than conventional doxorubicin in MBC?
a) Yes
b) No
¢) Not sure

Metastatic (100)

Yes (77)
Not sure (23)

Not sure (100)

Cumulative dose of PLD

Q 30. Do you feel that there should be any limit for the cumulative dose of PLD?

a) Yes
b) No
¢) Not sure

Not sure (100)
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Table I. Continued.

Palmar-plantar erythrodysesthesia (PPE) with PLD

Q 31. Do you feel that PPE is more common with PLD than with conventional doxorubicin?

a) Yes
b) No
¢) Not sure

Yes (73)
Not sure (27)

Q 32. What do you feel about PPE?
a) Troublesome
b) Manageable

Manageable (100)

Q 33. Which are the other toxicities of concern with PLD?

Myelotoxicity, neutropenia,
hypersensitivity and infusion
site reactions (100)

PLD in anthracycline rechallenge

Q 34. In patients exposed to doxorubicin in the adjuvant setting, how frequently
do you need to rechallenge patients with PLD?

a) Rare

b) Frequent

¢) Not sure

Rare (100)

Q 35. Do you feel that it is safe to rechallenge patients with PLD in MBC setting
(those exposed to doxorubicin in adjuvant setting)?

a) Yes

b) No

¢) Not sure

Yes (46)
No (23)
Not sure (31)

PLD in the elderly with MBC

Q 36. Would PLD be preferred in elderly and in those with borderline cardiac
function, in whom doxorubicin is planned to be administered?

a) Yes

b) No

¢) Not sure

Yes (100)

Combination of PLD with trastuzumab

Q 37. Can trastuzumab be used concurrently with PLD?
a) Yes
b) No
¢) Not sure

No (77)
Not sure (23)

Generic PLD formulations

Q 38. Is the data available on generic PLD satisfactory?
a) Yes
b) No
¢) Not sure

Not sure (100)

Q 39. Any preferences among generic PLD?
a) None
b) I do not use PLD
c) I prefer one over the other. Reason?

None (100)

MBC, metastatic breast cancer; NDLS, nanosomal docetaxel lipid suspension; GCSF, granulocyte colony stimulating factor; PLD,

pegylated-liposome encapsulated doxorubicin; PPE, palmar-plantar erythrodysesthesia.
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Table II. Adverse events profile: NDLS vs. taxotere®

Adverse events NDLS, Taxotere®
(all grades) 75 mg/m? (%) 75 mg/m? (%)
Vomiting 10 22
Alopecia 35 26
Diarrhea 29 22
Neutropenia 775 522

NDLS, nanosomal docetaxel lipid suspension.

nanosomal docetaxel lipid suspension (NDLS) as monotherapy
(75-100 mg/m?) did not require GCSF support, whereas patients
who received dual/triplet chemotherapy (NDLS + platinum
derivative/5-fluorouracil/gemcitabine/capecitabine) required
2-3 doses of GCSF to normalize counts (28). Though the
above data indicate that lower doses of GCSF are required
with NDLS, the expert panel members opined that they would
prefer to use GCSF with all docetaxel formulations.

Duration of taxane therapy. Weekly schedule of
docetaxel-based chemotherapy was found inferior to 3-weekly
ones in terms of response rate (29), and quality of life in
locally advanced or MBC (30). In a combined HER?2 positive
or negative patient pool, weekly paclitaxel was found to be
more effective [(42) vs. 29%; unadjusted odds ratio (OR)=1.75;
P=0.0004] and less toxic (more common Grade 3 neuropathy
with weekly dosing: 24% vs. 12%; P=0.0003) when compared
with a 3-weekly administration in patients with MBC (31).
Higher ORR (72% vs. 26%; P=0.01) was observed with weekly
paclitaxel 80 mg/m? compared with 3-weekly docetaxel
75 mg/m? regimen, both given in combination with oral
capecitabine 1,000 mg/m? twice daily for 2 weeks followed by
a 1-week break (32). The expert panel members (100%) agreed
that from a toxicity point of view, the most preferred taxane
and schedule is the paclitaxel weekly regimen. For patients
who can not visit the hospital every week for logistic reasons,
paclitaxel 3-weekly regimen is preferred by the expert panel
members (100%) (Table I).

Corticosteroid premedication. The expert panel members
(100%) were strict with corticosteroid prophylaxis in breast
cancer, and opined that corticosteroid premedication is a major
worry with respect to infections and hyperglycemia. All the
experts agreed that avoiding corticosteroid premedication is
the most important reason for choosing a novel formulation of
docetaxel over the conventional formulation (Table I).

Novel formulations of docetaxel. Several novel formulations
such as taxane analogues and prodrugs, docetaxel-encapsulated
nanoparticle-aptamer bioconjugates albumin nanoparticles,
polyglutamates, emulsions, liposomes, docetaxel
fibrinogen-coated olive oil droplets and submicronic dispersion
have been developed to avoid the toxicities of the carrier used
in docetaxel formulations (33). Nano Aqualip Technology,
that has nano-carriers in suspension form, composed of
lipids Generally Regarded As Safe (GRAS) by the US Food
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and Drug Administration (FDA), was used to develop NDLS
(Doceaqualip), for improved stability and pharmacokinetics,
and protection of docetaxel from the surrounding tissue
environment. The nanonized particles of NDLS (~100 nm)
penetrate into tumor tissues through leaky vasculature without
being attacked by the body's immune system. Doceaqualip
was primarily developed to avoid toxicities associated
with polysorbate 80 and ethanol and thus, to avoid the
premedications (34,35).

NDLS vs. conventional docetaxel. Therapeutic efficacy of
NDLS was compared with Taxotere®, both administered as
LV. infusions over 1 h at a dose of 75 mg/m?in 72 locally
advanced or MBC patients who had previously failed chemo-
therapy (35). The ORR for NDLS was 35.5% compared
with 26.3% for Taxotere®. Patients in the NDLS group were
not premedicated with corticosteroids but the safety results
of NDLS were comparable with Taxotere® and most of the
adverse events (AEs) resolved without any sequelae. Serious
allergic reactions like bronchospasm or swelling of face
were not observed with NDLS (Table II). The incidence
of neutropenia was higher with NDLS 75 mg/m? treatment
compared with Taxotere®75 mg/m? (77.5% vs. 52.2%) in this
study; however, previous studies have observed 96.7% inci-
dence of neutropenia with Taxotere® 75 mg/m? dose (19).
Febrile neutropenia was consistent with that reported for
Taxotere®.

The expert panel members (100%) opined that using a
novel formulation of docetaxel would add value to the current
management of breast cancer in a metastatic setting. Majority
(85%) of the expert panel members agreed that the data of
NDLS seems convincing with respect to safety; however, all
the expert members agreed that there is a need to generate more
data on the efficacy of NDLS. Currently, majority (62%) of the
expert panel members use a novel formulation of docetaxel in
their clinical practice in 10-30% of patients who are eligible
for docetaxel treatment. Majority of them (85%) agreed that
using a novel formulation of docetaxel would add value in the
metastatic setting of breast cancer. If the cost of novel formula-
tions is not a constraint, all of them (100%) would prescribe
NDLS in diabetics and in those patients where steroids need
to be avoided in a metastatic setting (Table I).

Overall, docetaxel has been shown to be effective in the
treatment of recurrent or MBC including the subgroups of
HER?2 positive/negative patients and mTNBC. NDLS is the
only NDDS of docetaxel approved and available in India,
and the subgroup analysis data on the same is not available in
published literature.

Paclitaxel

Paclitaxel is a preferred single chemotherapeutic agent
for recurrent or MBC according to NCCN guidelines
2017 (20). The recommended dose of paclitaxel is
175 mg/m? administered over a period of 3 h, every 3 weeks
or 80 mg/m? every week (37,38). Paclitaxel in combination
with trastuzumab =+ pertuzumab are preferred first-line agents
for HER2 positive disease as per the NCCN guidelines.
Paclitaxel 175 mg/m? every 3 weeks in combination with
trastuzumab (4 mg/kg followed by 2 mg/kg weekly) showed
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improved TTP and median survival vs. paclitaxel alone
in HER2 overexpressor patients (39). In combination with
trastuzumab (4 mg/kg followed by 2 mg/kg weekly) and
pertuzumab (840 mg followed by 420 mg 3 times weekly),
paclitaxel (80 mg/m?* weekly) showed an improved PFS in
HER?2 positive patients (40). Paclitaxel as first line therapy in
HER?2 negative MBC patients showed a median survival time
of 19.8 months in a large-scale, real-life setting study (41).
Furthermore, paclitaxel (175 mg/m?) in combination with
gemcitabine (1,250 mg/m?) showed promising PFS of
6.47 months as the first line treatment of mMTNBC in a phase III
study (42). Another study showed the effectiveness of weekly
paclitaxel in combination with carboplatin and bevacizumab
in the treatment of mMTNBC (43).

Dosing schedule. Weekly scheduling is more preferred based
on the results of a meta-analysis, which showed that compared
with every three-weekly treatment, weekly administration
of paclitaxel resulted in an improvement in OS [hazard ratio
(HR) 0.78; 95% confidence interval (CI), 0.67-0.89] (44). All
the expert panel members agreed that the most preferred
dose of paclitaxel as a single agent in MBC is 80-100 mg/m?
weekly (Table I).

Challenges with conventional paclitaxel formulations. The
conventional paclitaxel formulation possesses a few challenges
regarding its safety profile with reports of severe anaphy-
lactoid hypersensitivity reactions, hyperlipidemia, abnormal
lipoprotein patterns, aggregation of erythrocytes, peripheral
neuropathy (13), leaching of plasticizers from PVC bags (45),
and altered pharmacokinetic profile with non-linear increase
in plasma paclitaxel concentrations due to cremophor EL
(CrEL) micelle encapsulation of the drug, and thereby reducing
its absorption in the first hour after administration (14), and
also requires corticosteroid premedication. The expert panel
members opined that the most common limitations of conven-
tional paclitaxel, which may limit its use in clinical practice,
are neuropathy, hypersensitivity, need for special intravenous
infusion set and a longer infusion time (Table I).

Novel formulations of paclitaxel. Novel formulations of pacli-
taxel were developed to eliminate CrEL from the conventional
paclitaxel (Taxol®), and thus reduce the toxicities associated
with it.

Nab-paclitaxel. A novel formulation of paclitaxel used in the
treatment of MBC, nanoparticle albumin-bound paclitaxel or
nab-paclitaxel, uses albumin as a carrier to facilitate targeted
delivery to tumors with a lower distribution in healthy tissues,
thus resulting in a higher uptake in tumors with improved
clinical efficacy (46).

Albumin-bound paclitaxel [260 mg/m? 3 weekly (47) or
100 mg/m? or 125 mg/m? weekly (48)] is a recommended
single agent for the treatment of recurrent or MBC as per
the NCCN guidelines. In a phase III trial in patients with
MBC receiving 3-weekly nab-paclitaxel 260 mg/m? vs. Taxol
175 mg/m?, nab-paclitaxel demonstrated a significantly higher
ORR (33% vs. 19%; P<0.001) and median TTP (23% vs.
19.6 weeks; P=0.006) than Taxol 175 mg/m?3-weekly. Overall,
nab-paclitaxel showed a greater efficacy and a favorable safety
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profile compared with Taxol (47). In a randomized, multicenter,
phase II study in patients (n=302) with MBC, weekly
nab-paclitaxel at doses of 150 and 100 mg/m? demonstrated a
higher ORR than docetaxel (45% vs. 35%) (33). Nab-paclitaxel
demonstrated a similar antitumor activity at weekly doses of
100 mg/m? (n=106) compared with weekly 125 mg/m? (n=75)
in patients with MBC that had progressed with previous taxane
therapy (49). The expert panel members (100%) opined that the
preferred dose of nab-paclitaxel as a single agent in MBC is
100 mg/m? for 3 weeks with one week off (Table I).

As a first line therapy, nab-paclitaxel (125 mg/m?), in
combination with bevacizumab (10 mg/kg) in 4 weekly cycle,
showed promising PFS (9.4 months) and an acceptable safety
profile with no unanticipated toxicities in patients with HER2
negative MBC in a phase II study (50). In HER2 positive
MBC patients, nab-paclitaxel (100 mg/m?) showed a PFS
of 16.6 months as a first line treatment in combination with
carboplatin and trastuzumab (51). Another phase II study that
assessed the combination of weekly nab-paclitaxel (125 mg/m?)
and trastuzumab (4 mg/kg followed by 2 mg/kg weekly) as
first-line treatment showed a PFS of 12.8 and 18.7 months and
an OS of 27.3 and 36.8 months, respectively, for HER negative
(n=50) and positive (n=22) with locally advanced or MBC (52).
nab-paclitaxel in combination with bevacizumab, and carbo-
platin was efficacious (PFS: 9.2 months) and well-tolerated as
first-line treatment for mTNBC (53).

Paclitaxel injection concentrate for nanodispersion (PICN).
Paclitaxel injection concentrate for PICN, a polyoxyethylated
castor oil- and albumin-free formulation of paclitaxel,
administered every 3 weeks in a phase II/III trial was as
effective with similar tolerability compared with nab-paclitaxel
every 3 weeks in the treatment of women aged 18-70 years with
MBC, without the need for corticosteroid pretreatment. The
independent radiologist-assessed ORRs were 35, 49 and 43%
in the PICN 260 mg/m?, PICN 295 mg/m?, and nab-paclitaxel
260 mg/m? arms, respectively (54).

Nanoparticle polymer-based paclitaxel. Nanoparticle
polymer-based paclitaxel (Nanoxel) 300 mg/m? demonstrated
a better overall response and clinical benefit compared with
CrEL paclitaxel 175 mg/m?. Nanoxel at a dose of 220 mg/m?
showed a better efficacy and safety profile than conventional
paclitaxel (175 mg/m?). The incidence of musculoskeletal
events, gastrointestinal toxicity, and skin/subcutaneous
toxicity were comparable in all the treatment arms. Overall,
the nanoparticle polymer-based paclitaxel formulation was
well-tolerated and could be safely administered without any
premedication (55).

Nanosomal paclitaxel lipid suspension (NPLS). An open
label, randomized, multiple-dose, parallel study evaluated
the efficacy and safety of intravenous infusion of NPLS
(Pacliaqualip) and Taxol® in 120 MBC patients after failure
of prior chemotherapy. Patients received intravenous infusion
of NPLS 175 mg/m? every 3 weeks (n=48, Arm A) or NPLS
80 mg/m? every week (n=45, Arm B), or Taxol® 175 mg/m?
every 3 weeks (n=27, Arm C). At equal doses (175 mg/m?),
NPLS showed an improved efficacy as compared with
Taxol® (ORR: 36.4% for NPLS Arm A, 46.5% for NPLS
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Arm B and 20.8% for Paclitaxel Arm C) (56). There was an
increase in the incidence of neutropenia, thrombocytopenia,
urinary tract infections, pyrexia, chills and other AEs with
NPLS at 175 mg/m?, however, these resolved without any
sequelae (56).

Overall, the expert panel members (100%) opined that
using a novel formulation of paclitaxel would add value to
the current management of MBC. The expert panel members
(100%) consider the greatest value in the CrEL free pacli-
taxel formulation is avoiding steroid premedication. With
a lower dose of dexamethasone (4 mg) being adequate for
prophylaxis, 54% of the expert panel members would use
conventional paclitaxel. The expert panel members (100%)
opined that using a novel formulation of paclitaxel adds
value in the metastatic setting of breast cancer. Most (92%)
of the panel members agreed that in clinical practice, they
currently use a novel formulation in <10% of patients who
are eligible for paclitaxel treatment. If the cost of NDDS is
not a constraint, majority of the panel members (61%) will
prescribe the novel formulations of paclitaxel in some of their
patients in special circumstances such as diabetics, patients
with hypersensitivity reactions and in cases where steroids
need to be avoided (Table I).

The efficacy of conventional paclitaxel or nab-paclitaxel,
alone or in combination with other agents, has been demon-
strated in the treatment of subgroups of MBC based on HER2
or triple negative status. Table III summarizes the data for
subgroups of MBC for nab-paclitaxel; however, the same is
not available for other NDDS formulations including PICN,
Nanoxel and NPLS.

Doxorubicin

Current place in therapy. Doxorubicin is approved for the
treatment of MBC and the most commonly used dose schedule
is 60 to 75 mg/m? as a single intravenous injection adminis-
tered over 3 to 10 min every 3 weeks (57). Doxorubicin is
recommended as a preferred single agent and as combination
therapy with cyclophosphamide for the treatment of recurrent
or MBC as per the NCCN guidelines. The toxicity profile of
doxorubicin is of particular concern, which may hamper the
required dosing and limit the use for rechallenge on relapse.
Cardiotoxicity is generally seen at the high cumulative doses,
and myelosuppression at individual doses. Other AEs that may
limit doxorubicin treatment include alopecia, severe acute
nausea and vomiting, and mucositis (15).

Novel doxorubicin formulations

Liposomal doxorubicin. Liposomal encapsulated formulation
of doxorubicin was developed to address the cardiotoxicity
concerns of the conventional formulation. Liposomal doxoru-
bicin has been shown to be effective for the treatment of either
anthracyclines-treated or naive MBC patients as a single agent
or in combination with other drugs (5,58). A meta-analysis
of 10 randomized controlled trials (RCTs) showed that lipo-
somal doxorubicin offers significant advantages regarding the
ORR [odds ratio (OR)=1.25; 95% CI, 1.02-1.52; P=0.03] and
reduced cardiotoxicity (OR=0.46; 95% CI, 0.23-0.92; P=0.03)
relative to conventional doxorubicin in advanced breast cancer
patients (59). However, conventional liposomal formulations
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have limited clinical uses owing to a short circulation half-life
as reticulo-endothelial system 3 (RES3) removes it from the
circulation within a few minutes to a few hours, subsequent to
the acquisition of opsonins from the plasma (60,61).

Pegylated liposomal doxorubicin. Polyethylene glycol
(PEG)-coated (pegylated; Stealth®) liposomes are stable
and long-circulating drug carriers. Pegylated-liposome
encapsulated doxorubicin (PLD) contains the drug
encapsulated in liposomes with surface-bound methoxy-
polyethylene glycol with a diameter of <100 nm, which
exert an extremely long circulating half-life of 2-3 weeks
after PLD injection, and has a reduced plasma clearance
and volume of distribution compared with liposomal
doxorubicin or free doxorubicin formulations (62). PLD
extravasates through leaky tumor vasculature into the tissue
compartments and doxorubicin penetrates into the tumor
and exerts the chemotherapeutic effect. PLD is stable and
remains intact in the circulation, and is responsible for the
reduced toxicity without impacting efficacy (63,64). The
approved dose of PLD is 50 mg/m? IV infusion over 60 min
every 4 weeks for breast cancer. It should be administered
at an initial rate of 1 mg/min to minimize the risk of infu-
sion reactions, and the rate can be increased to complete
the administration over 1 h (65). PLD is recommended as
the preferred single agent for the treatment of recurrent or
MBC as per NCCN guidelines.

The most common dose of PLD in clinical practice is
40-50 mg/m?; 30 mg/m? dose is very rarely used according to
the panel members (100%) (Table I).

PLD vs. conventional doxorubicin. All the expert panel
members (100%) agreed that they prefer PLD over conven-
tional doxorubicin in recurrent or MBC. The expert panel
members (100%) also opined that PLD has a definite place in
the management of MBC but its role in adjuvant and neoad-
juvant settings is not proven and requires additional data.
According to the expert panel, PLD can also be considered in
‘special settings’ including patients with anthracycline rechal-
lenge and reduced cardiac tolerability (Table I).

PLD has demonstrated a favorable toxicity profile with
better cardiac safety and less myelosuppression, alopecia,
nausea and vomiting compared with the conventional
anthracyclines in a meta-analysis of 10 RCTs conducted by
Rafiyath er al (58). Furthermore, O'Brien ef al demonstrated
that PLD (50 mg/m? every 4 weeks) and conventional doxo-
rubicin (60 mg/m? every 3 weeks) demonstrated comparable
efficacy (PFS= 6.9 vs. 7.8 months, respectively; HR=1.00;
95% CI, 0.82-1.22), whereas risk of cardiotoxicity was signifi-
cantly higher with conventional doxorubicin as compared with
PLD (HR=3.16; 95% CI, 1.58-6.31; P<0.001) in the first-line
treatment of women (n=509) with MBC who had normal
cardiac functions. Also, the PLD arm had a lower incidence
of myelosuppression, nausea, vomiting and alopecia compared
with conventional doxorubicin (15). Majority (77%) of the
expert panel members opined that PLD is less cardiotoxic than
conventional doxorubicin; however, benefits of PLD are not
clear in terms of other toxicities. The expert panel members
(100%) opined that they were not sure if PLD is more effective
than conventional doxorubicin in MBC (Table I).
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Table III. Use of NDDS formulations in different subgroups of MBC.

Study NDDS formulation  Subgroup of MBC Dosing regimen Efficacy outcomes  (Refs.)
Danso et al, Nab-paclitaxel HER?2 negative Weekly nab-paclitaxel PFS: 9.4 months (50)
2008 (125 mg/m?) + 2-weekly

bevacizumab (10 mg/kg)

in 4 weekly cycle
Conlin et al, Nab-paclitaxel HER?2 positive Weekly nab-paclitaxel PFS: 16.6 months (&2))]
2010 100 mg/m? + carboplatin

AUC=2 + trastuzumab

(4 mg/kg followed by

2 mg/kg) in 4-weekly cycle
Mirtsching et al, Nab-paclitaxel HER2 negative and Weekly nab-paclitaxel HER?2 negative PFS:  (52)
2011 HER?2 positive (125 mg/m?) and 12.8 months HER?2

trastuzumab (4 mg/kg positive PES:

followed by 2 mg/kg weekly) 18.7 months
Hamilton et al, Nab-paclitaxel mTNBC Weekly nab-paclitaxel PFS: 9.2 months (53)
2013 (100 mg/m?) + carboplatin

(AUC=2) + 2-weekly

bevacizumab (10 mg/kg)

in 4 weekly cycle
Chia et al, 2006 PLD HER?2 positive PLD (50 mg/m? every PFS: 12.0 months (69)

4 weeks) + weekly

trastuzumab (4 mg/kg

followed by 2 mg/kg)
Martin et al, PLD HER?2 positive PLD 50 mg/m? and TTP: 12 months (70)
2011 cyclophosphamide

600 mg/m? every 4 weekly

plus weekly trastuzumab

(4 mg/kg followed by 2 mg/kg)

AUC, area under the curve; HER2, human epidermal growth factor receptor 2; MBC, metastatic breast cancer; mTNBC, metastatic triple
negative breast cancer; NDDS, novel drug delivery system; PLD, pegylated liposomal doxorubicin; TTP, time to disease progression.

Cumulative dose of PLD. All the panel members (100%) were
of the opinion that there is no ceiling dose level established for
PLD, and also they were not sure if there should be any limit
on the cumulative dose of PLD (Table I).

Toxicity profile of PLD: Palmar-plantar erythrodysesthesia.
Palmar-plantar erythrodysesthesia (PPE, also called as
hand-foot syndrome), manifested by a painful erythematous
rash, often associated with edema, located on the palms,
fingers and soles, is a dose limiting adverse effect associ-
ated with doxorubicin. The incidence of PPE was higher
with PLD as compared to conventional doxorubicin with
~50% of all patients receiving PLD having PPE (grade 3
PPE: 20%) at the currently approved dose of 50 mg/m?
every 4 weeks (15,66). However, a meta-analysis of 9 RCTs
revealed that the conventional anthracyclines did not show
statistically significant advantage over liposomal prepara-
tions (PLD or liposomal doxorubicin) in PPE events (OR,
1.08; 95% ClI, 0.11-10.30) (58). Majority (73%) of the expert
panel members opined that PPE is more common with
PLD than with conventional doxorubicin. The expert panel
members (100%) felt that PPE is a manageable event, and that
myelotoxicity, neutropenia, hypersensitivity and infusion site

reactions are the other toxicities of concern with PLD treat-
ment (Table I).

PLD in anthracycline rechallenge. A pooled analysis
using individual data from four prospective trials of PLD
involving 935 patients (274 had prior exposure to conven-
tional anthracyclines and received PLD in a metastatic
setting), demonstrated that anthracycline rechallenge
using PLD was effective in patients who have a favor-
able performance status, regardless of setting, resistance,
cumulative dose or time since prior conventional anthra-
cycline therapy (67). According to 67% of the panel
members, it is safe to rechallenge patients with PLD in
MBC setting, who are exposed earlier to doxorubicin in an
adjuvant setting. However, all the panel members opined
that the need to rechallenge MBC patients with PLD rarely
arises due to the availability of several other treatment
options (Table I).

PLD in the elderly with MBC. As a first-line treatment, PLD
(45 mg/m? every 4 weeks) was shown to be effective in elderly
(=65 years) patients with MBC in a multicentric, phase 111
trial (68). In the elderly or patients with borderline cardiac
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function, all the expert panel members (100%) would prefer to
use PLD over conventional doxorubicin (Table I).

Combination of PLD with trastuzumab. Preclinical studies
have suggested a synergistic effect of the combination of PLD
and trastuzumab. A multicenter, phase II study demonstrated
that PLD (50 mg/m?every 4 weeks for six cycles) in combination
with weekly trastuzumab (4 mg/kg loading dose and 2 mg/kg
thereafter) was well-tolerated and active as the first-line therapy
in women (n=30) with HER2-positive MBC. There was an
observed cardiotoxicity rate with this combination; however,
it was expected to be lower than rates with conventional doxo-
rubicin plus trastuzumab (69). The GEICAM study showed
that the combination of PLD 50 mg/m? and cyclophosphamide
600 mg/m?* administered every 4 weeks for six cycles, and
trastuzumab (4 mg/kg loading dose, and 2 mg/kg thereafter)
was safe and effective as a first-line treatment for women with
HER?2-overexpressing MBC at 24 weeks (70). Though there is
data available, most (77%) of the panel members opined that
trastuzumab cannot be used concurrently with PLD (Table I).

Generic PLD formulations. Several generic PLD formulations
including Lipodox®, Pegadria®, Nudoxa® (non-pegylated) are
available in the Indian market. Pegadria has shown bioequiva-
lence with the marketed product Doxil® in patients with ovarian
cancer, and has demonstrated similarity in physico-chemical
properties, and safety (71). However, there is no data available
on the clinical efficacy of generic PLD in MBC. All the expert
panel members were not sure if the available data on generic
PLD formulations was satisfactory, and they did not have any
preference among generic formulations. Furthermore, the expert
panel felt that there was a need for more awareness regarding the
process of regulatory approval for generic drugs (Table I).

The efficacy of doxorubicin formulations, alone or in
combination with other agents, has been demonstrated in the
treatment of advanced breast cancer. The efficacy of PLD
has been established for HER?2 positive subgroups; however,
limited data is available on the other subgroups of MBC for
conventional doxorubicin, liposomal doxorubicin or PLD.

Conclusions

Conventional formulations of the most commonly used drugs
for the treatment of MBC have issues with safety and effi-
cacy because of the carriers used [for taxanes (docetaxel and
paclitaxel)], or cardiotoxicity and narrow therapeutic index
[for anthracyclines (doxorubicin)]. Several nanoparticle based
NDDSs have been developed to fulfill the unmet need to over-
come the limitations of conventional formulations.

NDDSs have been developed to overcome the toxicity of the
vehicles (i.e., CrEL and polysorbate 80) used in conventional
taxane formulations, with improved stability and pharma-
cokinetics. They have shown better therapeutic outcomes
compared with the conventional formulations without the need
for corticosteroid premedication. Overall, novel formulations
appear promising in the treatment of advanced solid tumors
and the expert panel members agreed that these formulations
are useful in patients with metastatic disease and those at risk
of hypersensitivity reactions, diabetes and patients in whom
they want to avoid steroids.
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In order to increase the therapeutic index, doxorubicin
is formulated with pegylated liposomal-encapsulation tech-
nique (pegylated liposomal doxorubicin), which increases the
efficacy and reduces the toxicity (cardiotoxicity, myelosup-
pression etc.) of doxorubicin by altering tissue distribution.
Pegylated liposomal doxorubicin has shown good clinical
outcomes in terms of safety and efficacy and the expert panel
members agreed that it can be considered as an alternative
for patients with MBC when conventional anthracycline is
inappropriate.

Limited data is available on the effectiveness of conven-
tional or NDDS formulations of docetaxel, paclitaxel and
doxorubicin in the treatment of subgroups of patients with
advanced breast cancer including ER/PR positive, HER2
positive and TNBC. Further clinical studies are warranted
to establish the effectiveness of NDDS formulations in these
subgroups.

Expert panel recommendations

There is a need to generate more data to prove that newer
NDDS formulations exhibit a significant advantage in terms
of efficacy and tolerability when compared to conventional
formulations.

Despite the development, clinical efficacy and safety data
of NDDS formulations, conventional formulations still enjoy
preference, primarily because of cost constraints.

The newer NDDS formulations of taxanes should be
considered in special circumstances such as diabetics, patients
who have had hypersensitivity reactions to conventional
preparations in the past and in cases where steroids need to
be avoided.

Novel formulations of doxorubicin should be used in the
elderly and patients with borderline cardiac function.
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