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ABSTRACT

Lung cancer is a great evil doer behind mortality around the world. The degree of lung cancer patients in developing nations has grown from 31% to
49.9% over the recent 20 y. Despite current upgrades in lung cancer chemotherapy, the death rate in lung cancer patients is high. Generally, cancer
chemotherapy is accompanied by most side effects. If an anticancer drug could deliver only the right site in the right concentration at the right time,
cancer could be cured without side effects. A liposomal dry powder inhaler (LDPI) is an innovative strategy to convey drug particles. A dry powder
inhaler (DPI) has unique features such as targeted drug delivery, improved bioavailability, and the better therapeutic efficacy of the embedded
drug's ability to deliver the drug at a constant rate. This paper emphasizes the utility of liposomes and DPI in lung cancer therapy, commonly used
formulation techniques for manufacturing LDPI, various devices used to deliver the therapeutic formulation, and ongoing and recently concluded
clinical trials. Patents filed by multiple researchers and the future perspective of LDPI in an innovative drug delivery system and promising systems
for administering a wide variety of drugs, including anti-cancer drugs, are described for lung cancer.
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INTRODUCTION
Lung cancer

Lung cancer is the commonest malignancy worldwide [1] and also a
devil for a society that killed more than billions of humans, and
135,720 more are estimated deaths by 2020 in the U. S [2, 3]. Human
lung cancer is categorized into two significant types, small cell lung
cancer (SCLC) and non-small cell lung carcinoma (NSCLC), the last
comprising many types [4]. NSCLC is the most widely recognized
category worldwide, and different clinical examinations are
presently evaluating new chemotherapeutic combinations. Also,
protection from cytotoxic operators has been observed, including
the apoptotic system in NSCLC cell lines. In SCLC, five-year
endurance stays under 10%, regardless of the utilization of different
medications [5]. We do not focus on a single preliminary
examination to present a broad picture of the association between
lung cancer and smoking. Yet, we evaluate the association with each
of the smoking lists. Let's see how these relationships differ
according to attributes, for example, gender, age, area, study plan,
period considered, the definition of the exhibition, and the extent of
the confounder adjustment [6]. Surgery is the current standard for
the care of patients in stage-1 NSCLC, yet this may be to considerable
morbidity and even mortality, especially since patients experiencing
lung cancer are regularly old age with high comorbidity rates [7].
Current therapeutic techniques, for example, radiation or
chemotherapy treatment, are just operative in the preliminary
phases of treatment of SCLC. At the same time, NSCLC is less
sensitive to such treatment modalities, leaving surgery and gene
therapy as other conceivable choices to handle NSCLC and lung
cancer stem cells. Thus, the complete removal of this illness requires
another approach, for example, nanoscale materials utilization [8]. A
maximum fraction other f the drugs delivered to the targeted
(diseased) site with minimizing exposure of the drug to the normal
tissue can be achieved by a site-specific drug delivery system [9].
Targeted Pulmonary Drug Delivery is an effective way for lung
diseases and the objective of this drug delivery system is to target
specific cells or regions of the lung and provide high retention of the
drug for longer periods [10]. The dry powder inhaler (DPI) has been
a very effective technique for the delivery of drugs to the lung and
more prepared over pressurized metered dose inhalers and
nebulizers in the last two decades [11]. Liposomes are an especially

attractive drug delivery to the lung for inhalation application with
controlled release properties that potentiate the maximum effect of
the drug over a prolonged period [12]. The advantage of liposomal
carrier systems in the form of inhalation includes lower toxicity of
the drug with increasing stability of drug [13]. Apart from this, this
article summarizes the worldwide clinical studies and the granted
patents on lung cancer treatment; before this, clarity on the causes
of lung cancer is essential, detailed in the below section.

A common route of causes of lung cancer

A complete understanding of the causes of lung cancer has long been a
ridiculous goal of physicians and basic scientists. Unlike many other
deadly diseases, most lung cancer cases may be prevented by avoiding
incriminated environmental factors. In many cases, the quantitative
hazard is related to long-haul low-dose exposure to a few of these
equivalent cancer-causing agents in circumstances in which voluntary
avoidance is increasingly complex. More population-based
investigations should directly examine these lesser exposure theories
[14]. There are various routes of causes or risk factors [fig. 1] for lung
cancer, some of the very frequent are discussed below:
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Fig. 1: Risk factors for lung cancer [Authors creation]
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Smoking

Smoking, i.e., tobacco is the common ground hazard for most diseases.
On account of lung disease, this relationship has been very much
archived with several years of proof, mainly through epidemiological
investigations. In the United States, an expected 90.3% passing in men
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and 78.5% of women directly result from smoking. It has been guessed
that the risk of malignant lung growth builds more when the
connection is balanced for the number of cigarettes smoked and the
length of the propensity. Smoking enhances the chances of forming a
primary lung tumor. For early-stage tumors, smoking cessation is
linked with a substantial reduction in the risk of death; most of this
benefit is probably because of cancer progression rather than a decline
in cardiorespiratory deaths [15, 16].

Metals

The hazardous cellular breakdown is raised by chromium [VI] in the
lungs among chromate creation, chromate shading producers,
chromium platers, and ferrochromium creators. No such threat has
been seen among workers introduced, especially chromium [III].
Assessments of nickel excavators, smelters, electrolysis laborers,
and high-nickel composite makers demonstrated an extended
danger of cellular breakdown in the lungs [17].

Silica dust

Increased danger of a cellular breakdown in the lungs has been
expressed in silicotic patients' partners. Various assessments
investigated glasslike silica-uncovered laborers in foundries,
ceramics, and so forth, many of whom may create silicosis. A couple
represented the more danger of a cellular breakdown in lung
development; at any rate, not all, were considered. The expansion
was nearly nothing in the upbeat assessments, proving an openness
reaction relationship in the high-openness range [18].

Air pollution

Indoor or outdoor air pollution is a significant environmental risk
for lung cancer. Long-distance exposure to foul air brought by
formaldehyde from industry and automobiles, cooking vapors, or
indoor decorations increases lung cancer. Preliminary
environmental tests have found that 50% or more of all lung cancers
occur in urban areas, probably more likely than in rural areas to
have air pollution from industrial sources and vehicles. A series of
case-control and comprehensive studies found an essential
relationship between lung cancer and air pollution with appropriate
adjustments for tobacco use and other potential risk factors [19].

Asbestos

This ordinary stone has been viewed as a potential cancer-causing
agent for many years. Shipyard workers, advancement workers, and
asbestos diggers are high-hazard occupations. Cellular breakdown in
the lungs is a crucial infection related to asbestos, representing 20% of
deaths in exposed populations. It is accepted that a wide range of
asbestos strands are hazardous factors for all histological categories of
lung cancer. The span of induction usually is 20 y. It should be noted
that just breathing in asbestos seems to be engaged in a cellular
breakdown in the lungs, as there is no absolute requirement for this
ailment related to the existence of fibres in drinking water [20].

Radiation

Radiation is one of the causes of lung cancer; most of the time, high
doses of radiation can produce lung cancer by exposure to ionizing
radiation. There are two types of radiation based on the transfer rate
of energy to tissue, i.e,, low linear energy transfer (LET) radiation
example y-rays, x-rays and the second is high LET radiation example
radon and neutrons. High LET is more responsible for producing
lung cancer due to the higher production of ionization radiation than
low LET [21].

Current treatment options for lung cancer

There are various treatment options available for managing lung
cancer. A few are the frequently employed methods are discussed
below:

Surgery

A patient who stages I, II, and III-A NSCLC ordinarily has the activity
to clear the tumor if the tumor is viewed as resectable and the
patient can persevere through the training. Experts may oust a lung
fragment that has cancer. To choose whether a tumor is resectable,
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imaging studies and biopsies are done similarly to evaluate patient
factors to determine operability. Various experts use the video-
helped thoracoscopic medical procedure (VATS), where a somewhat
cut is made in the chest, and a thoracoscopic is introduced. A flap can
be removed utilizing this slight section point enlargement, so a more
prominent slice isn't expected to make [22, 23].

Chemotherapy

About 40% of the investigated cellular breakdown in the lung’s
developments are in stage IV. The target of remunerating these
patients decreases the risk of perseverance and disease. For Stage IV
NSCLC, cytotoxic mixed chemotherapy is the star treatment, which
can be influenced by histology, age versus comorbidity, and
execution status. The results show that none of the practices
demonstrated a colossal commonness over the other compound. The
center’s general perseverance for patients in these examinations
was around 8-10 mo [23, 24].

Radiotherapy

Radiotherapy utilizes high-energy beams to terminate the
deoxyribonucleic acid (DNA) inside malignant cells and obliterate
them. This treatment is to control or kill the tumor locally in the
body. Patients with NSCLC are localized to the chest and are not
likely to resemble caution and can benefit from radiotherapy.
Furthermore, radiotherapy can fill in the thought of the considerable
advantages of improving patients’ satisfaction with NSCLC who fails
to respond to chemotherapy [25].

Immunotherapy

Immunotherapy utilizes medications to stimulate an individual's
immune system to adequately recognize and crush disease cells.
Several drugs that may be used in lung cancer chemotherapy are
discussed below:

Immune checkpoint inhibitors

An essential job of the body's resistant system is its capability to
prevent itself from invading body cells. The body uses "checkpoints”
or proteins on immune cells that should be turned on or off to
initiate an immune reaction. Cancer cells use checkpoints a couple of
times to keep the immune system from attacking. In any case, the
drugs that focus on these checkpoints are beneficial [26].

Nivolumab and pembrolizumab

Target programmed death (PD-1), a protein on T cells [a kind of
resistant cell], typically keep these cells safe from offensive s cells
inside the body. By blocking PD-1, these medications help in the
insusceptible reaction against malignancy cells. This can make a few
tumors shrivel or delay down. They are utilized to treat progressed
SCLC in people whose cancer keeps on becoming in the wake of
getting, in any event, two past medicines, incorporating
chemotherapy with cisplatin or carboplatin [27].

Atezolizumab

It targets PD-L1, a protein identified with PD-1 found in some cancer
and immune cells. Blocking this protein can help support first-line
treatment in contradiction of cancer cells. Such medication can be
utilized as a procedure for first-line treatment of SCLC, alongside the
chemo drugs carboplatin and etoposide, and afterward proceeded
alone as a maintenance treatment. These medications are taken
intravenously infusion, typically every 2, 3 w, or a month [26].

Concomitant chemotherapy and radiotherapy

For the study of NSCLC, platinum-based drug complexes or single
platinum compounds are used. Cisplatin drugs and carboplatin
drugs have been affirmed in clinical examinations based on
radiosensitive properties. Practicality examines shown that when
taking 6-8 mg/m? everyday portion or 30 mg/m2 w after week
portion, standard suppositories are compelling as a radio beginning.
In a couple of Phase IIl examinations utilizing comfort platinum
mixtures and radiotherapy, just one improved neighborhood control
and longer endurance. For this examination directed by the
European Organization for the Research and Treatment of Cancer
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(EORTC), 331 patients were arbitrarily appointed to one of three
governments: confined outspread separation [30 Gy. Followed in 10
sections, with three weeks’ rest. Period and past 25 Gy in ten
divisions], through radiotherapy (comparable everyday practice)
day by day cisplatin (6 mg/m2), or a week after-week cisplatin (30
mg/m2) with radiotherapy [27].

Targeted therapy

The epidermal growth factor receptor (EGFR) is a transmembrane
protein that is primarily over-expressed in lung carcinoma. The
function of the EGFR receptor involves cell proliferation, regulating
apoptosis, cell migration, and adhesion. So, the drug (gefitinib,
erlotinib, cetuximab, and panitumumab) that directly binds with this
receptor is essential to increase the survival time by reducing
uneven toxicity and increasing patient compliance [20].

Clinical limitations of current treatments

Current therapy employed for lung cancer has lots of adverse
reactions and other complications, and lope holes of the current
treatment are shown below:

Platinum-based chemotherapy

Platinum-based chemotherapy offers symbolic relief and
unprecedented improvement in survival for a survival time of
approximately 7-10 mo [residual>2 mo]. The current immovable,
non-selective choice of NSCL patients with chemotoxic
chemotherapy rise to a bit increase in survival at the cost of adverse
effects to the patient. Hence, more competent, less toxic compounds
are required [28].

Epidermal growth factor receptor inhibitors

Although first-generation, reversible first-generation epidermal
growth factors are promising treatment agents for NSCLC patients,
most patients eventually resist them. Resistance to EGFR inhibitors
may be categorized as initial or acquired [28].

Bevacizumab

A crucial limitation of bevacizumab therapy is that it is of limited
usefulness for NSCLC patients in specific populations. Bevacizumab
is allied with adverse events associated with bleeding, particularly
squamous cell histology in patients. As a result, bevacizumab
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squamous cell is not indicated for NSCLC treatment [28].
Radiation therapy

Sometimes, radiation directly burns healthy tissues surrounding the
tumor during treatment. At that time, radiation produces stress,
injury, or death of a cell to lung resident cells and numbers of
Damage-Associated Molecular Patterns (DAMPs) released by local
immune cells into the extracellular room, end of an immunogenic
cell, or both. In-sensitive patients produce sterile inflammation
induced by radiation through DAMPs via Pathogen Recognition
Receptors (PRR), and it can be harmful to normal tissue
inflammation with life-threatening complications [25].

Worldwide regulatory and non-regulatory comments on lung
cancer

Lung cancer is the most common reason for cancer death in men
worldwide [29]. According to an old report by the World Health
Organization (WHO), the fig. of extinction because of lung cancer will
continue to rise worldwide, especially in Asia, due to raised tobacco
usage. Tobacco use is a chief risk aspect causing lung cancer, and a
large proportion of all pulmonary carcinomas are associated with
the results of cigarette smoking [30]. Recently, in 2020 American
Cancer Society's cancer static center gave data on Lung cancer along
with estimated new cases and deaths in the United States of America
(USA) [31]. The annual description of cancer by the National Cancer
Institute in 2019, observing the mortality rate in adults between the
ages of 20 and 9, stated that lung cancer is the subsequent deadliest
cancer in men and women [32]. A recent World Cancer Report says
that cancer is the next principal source of death worldwide, with
around 70% of cancer deaths occurring in low-and middle-income
nations. The economic effect of lung cancer is enormous and
continuously rising. The complete yearly monetary expense of
malignant growth in 2010 was assessed at US$ 1.16 trillion [33]. A
new Global Cancer Observatory (GLOBOCAN) Indian fact sheet of
2018 stated the unique measurements and concluded that lung
cancer’s root of death is in the fourth position among other cancers.
Even the United State Food and Drug Administration (USFDA)
reported more than 228,000 new cases of both SCLC and NSCLC and
almost 160,000 deaths from lung cancer, creating it the principal
root of cancer mortality in the country for both men and women [34,
35]. The rest of the regulatory and non-regulatory institutions’
discussion on lung cancer is listed in fig. 2 below:
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Fig. 2: Worldwide regulatory and non-regulatory comments on lung cancer [Authors Creation] [36, 37]

Liposomal dry powder inhaler-based lung-targeted drug
delivery system

The worldwide regulatory and non-regulatory data indicates more
cases, major fear, and enormous challenges for this disease and the
need for a drug system that is engineered in an unconventional
form; in this regard, Liposomes can serve as a better delivery system
as they are enclosed with medications having anticancer potential

and prove the activity in the lung after pulmonary delivery [38].
Liposomes are vascular systems containing natural phospholipids
and cholesterol ranging in size from 30 mm to a few micrometers
[fig. 3]. They are biologically compatible, biodegradable, less toxic,
and capable of taking lipophilic and hydrophilic drugs [39]. They are
capable of ligand conjugation to facilitate the site-related delivery of
drugs. For the past two decades, liposomes had been perceived as a
potential drug carrier for therapeutic interventions. Liposome
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design focuses primarily on the supply of anti-cancer agents and
includes anesthetic, anti-inflammatory, anti-parasitic, enzymatic,
and vaccine agents [40]. Liposomes are formed naturally when
phosphatides are dissolved in water. When the phosphatides are
placed in the middle of the fluid, the hydrophilic interaction of the
groups of lipid heads with water brings about a multi and uni-
lamellar system [41]. The drug's therapeutic index may be improved
by incorporating liposomes that should be non-toxic, the
biodegradable method for dissolving drugs with water solubility, get
rid of the medication quickly, which is why the time for the medicine
to stay inside the body is better. And reduces drug toxicity [42].
Inhalation drug delivery is an ancient concept for delivering active
pharmaceutical constituents [43]. A liposomal powder for
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respiratory delivery via aerosol, prepared with phospholipid-like
lung endogenous surfactant, provides a unique opportunity in
pulmonary nanomedicine while controlling the drug and providing
better stability [44]. Delivery of LDPI through the pulmonary route
has excellent advantages, like their capability to produce controlled
size, sustained release, ability to retain for a more extended period
in the lungs, biocompatible, and enhanced bioavailability. Targeting
drugs as nanoparticles demonstrate the potential for improved lung
cancer treatment, and a blend of respiratory therapy and drug
targeting is even more effective for this cancer [45]. Using DPI
composed of liposomes, a novel combination of inhalation therapy,
may serve as an even more accurate and target-oriented method or
site-specific delivery [46].

Amphiphilic
Drug Substance

Fig. 3: The basic structure of the liposome [Authors creation]

Dry powder for inhalation is a tool that uses the pulmonary tract to
produce the local or systemic effect. Inhalers DPIs offer different
benefits from different techniques for supplying lung medicine [47].
A wide choice of liposomal formulations for inhalation has been
developed recently to be utilized in nebulizers. That is a fast and
straightforward path for researchers to create aqueous solution
formulations of liposomes and enter animal and human clinical trials
with the same formulation and delivery system. Importantly,
nebulizers are easy to use even in infants, the elderly, patients with
severely compromised lungs, and even ventilated ones. Structurally,
liposomes are viscous bleeder vesicles where the volume of water is
wholly enclosed in a membrane-bound lipid bile duct. Those
membranes are commonly composed of phospholipids with an
aqueous head cluster and a hydrophobic tail cluster.

Recently, Zhang et al. [48] proposed an inhalation treatment for
primary lung malignant growth in 2018 by using a liposomal curcumin
DPI by a freeze-drying technique. The aerodynamic air diameter of
liposomal curcumin dry powder inhalers (LCDs) was 5.81 pum, and the
fine particle fraction was 46.71%, recommended for pulmonary
transmission. The take-up of LCDs through A549 cells was higher as
well as faster compared to free curcumin. High and low cytotoxicity on
A549 and bronchial BEAS-2B epithelial cells respectively achieved a
significant selection index because of cell apoptosis. Curcumin powder,
LCD, and drugs were sprayed through the trachea directly to the lungs
of mice with induced lung cancer. LCDs demonstrated greater
anticoagulants than two other medications associated with the
expression of many pathology and cancer markers, including VEGF,
malondidide, TNF2, Caspase-3, and BCL2. Another research work on
liposomal powder for DPI aerosol delivery has been developed using
phospholipids that offer release control and better stability. This study
suggests that such systems should be smaller toxic exposures,
controlled drug release, and increased stability as an inhaled powder
system [22]. Lo, et al. investigated disaccharides effects and liposome
carrier's activity, solid-state properties, structural preservation, and
efficiency of aerosol powders of spray-dried superoxide dismutase
(SOD) formulations. Sucrose and lactose as stabilizers were utilized in
the spray-drying operation. Dipalmitoyl phosphatidylcholine (DPPC)
was a critical lipid constituent in the preparation of liposomes. SOD
activity assay was carried out for formulations. They observed that the

spray drying outlet/inlet temperature could be raised to 168/122 °C
to maintain SOD activity in SOD \ DPPC. Aerosol powder performance
tests have shown that the formulation exhibits an excellent emitted
dose of 71 %, aerodynamic diameter [2 pm], and a respirable fraction
of 72 %. They concluded that spray drying is a practical process to
reserve SOD activity in forming DPPC liposomes with sucrose [49].

Both jet and mesh nebulization processes expose the formation of
shear and air-liquid interfaces. In jet nebulizers, the building is told
several times by the nebulization method because, after each>98%,
the drop to drop re-assembled by jets were re-deposited inside the
nebulizer after each goes through the jets. This exposure can cause
liposomal bilayers to be disrupted [fig. 4], resulting in vesicle fusion
with a corresponding increase in vesicle size or fragmentation with
its associated reduction in vesicle size. The medicine that is
encapsulated within the liposomes, especially during vesicle
fragmentation, has the opportunity to be released into the external
fluid phase [50]. The present review mainly focuses on the utility of
the liposomal dry powder inhaler in treating lung cancer.

Advantages of LDPI over other conventional deliveries

Generally, liposomal dispersion, under storage conditions prone to
oxidation and drug leakage behavior due to lipid degradation that
causes the instability of formulation or decreases the quality/shelf
life of the product. To avoid this problem, liposomal dispersion is
converted to dry powder formulation by adding a suitable carrier,
anti-adherent, and cryoprotectant by freeze-drying. The liposomal
dry powder system is more stable under storage conditions than
liposomal dispersion and is preferred over conventional DPI to
avoid disadvantages relating to them [50]. Advantages of pulmonary
delivery include a Non-invasive administration route for local and
systemic delivery of potent therapeutics, Provide rapid onset of
action, High pulmonary bioavailability, Thin (0.1-0.2 um) alveolar
epithelium, and large absorptive surface area (up to 100 m 2) for
local drug action, Rapid systemic drug absorption and Absence of
first-pass metabolism and high blood supply [51].

Inhalation therapy effectively delivers relatively small amounts of an
active ingredient straight into the respiratory system. Although the
process begins very quickly, its duration is shorter because the drug
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is rapidly removed from the lungs. Liposomal drug dry powder
formulations have shown many promising features for pulmonary
drug administration, such as selective localization of drug within the
lung, controlled drug release, reduced local and systemic toxicities,
propellant-free nature, patient compliance, high dose carrying
capacity, and increased therapeutic efficacy [fig. 5], stability, and
patent protection [52]. These systems may be divided into
pressurized metered-dose inhalers (pMDIs), nebulizers, and DPI.
These frameworks are carefully crafted and provide an accurate and
reproductive dose of aerosolized drugs to the lungs. However, they
experience the adverse effects of chlorofluorocarbon-based
propellants, low lung fatigue, and problems with the rapid
oropharyngeal nature. Many patient-related factors of nebulizers

<

Unillamellar vesicles can easily be fit into
smaller droplets with minimal leakage

with proper design.
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and pMDI can be minimized by LDPI [53]. In contrast to the
nebulizer and pMD], Liposomal DPIs have various benefits for lung
delivery explicitly regarding controlled delivery, more potency,
reduced toxicity, force-free, understanding consistency, high dose
conveying capacity, steadiness, and patent security [53]. This
delivery minimizes drug exposure to systemic circulation and
thereby reduces adverse effects. Lower dosage regimens might
significantly cost savings, especially with costly drugs [54]. DPI
offers methods for enhancing protein-drug stability during
aerosolization by utilizing a DPI that would not expose the protein
formulation to the pressure regularly seen with nebulization.
Proteins are progressively steady in dry powder forms; thus, dry
powder product allows for long-haul stockpiling [55].

Multillamellar vesicles can easily be
fit into smaller droplets with minimal
leakage with proper design

Droplet impaction and break-up into smaller

droplets into nebulizer

Fig. 4: Mechanism of drug release from LDPI [Authors creation]
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Fig. 5: Advantages of LDPI over the conventional deliveries [Authors creation]

Ideal characteristics of inhaler device for the delivery of LDPI

An inhaler gadget should be viable with the elements of LDPI;
further, its physical and chemical stability should be unbent. It ought
to have the least maintenance necessities, just as simplicity for
refilling. An inhaler gadget should deliver a dynamic fixing dose, and
the deposition of the active ingredient in the lungs should be
adequately high and reproducible. The inhaler gadget ought to have
control systems that will guarantee an ideal respiratory stream
when the dose is set off, a proper inward breath moves, and permit
the patient to check the fruitful finish of the inward inhalation
maneuver.

Formulation techniques for the preparation of liposomes and LDPI
Formulation techniques for the preparation of liposomes

Several techniques based on passive and active loading principles
have been used to produce liposomes. Thin-film hydration, ethanol
and ether injection, reverse phase evaporation method, and
double/multiple emulsification method are based on passive loading

techniques, and the gradient method is based on active loading
technique. There are four primary stages involved in the preparation
of liposomes [56], and these are

1. Drying lipids from organic phase solvent.

2. Dispersing the lipid in aqueous phase media.
3. Purifying the obtained liposomes.

4. Characterization of purified product.

Thin film hydration method

A mixture of lipids, i.e., phospholipid and cholesterol, were dispersed
in an organic solvent. The organic solvent was removed by an
evaporation process mainly using a rotary evaporator at reduced
pressure. A dry, thin lipid layer or film formed on the round bottom
flask wall was hydrated by adding an aqueous buffer solution under
agitation above the lipid transition temperature. This method is very
commonly used for the production of liposomes, but the drawback
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of this method is to produce large-size and multilamellar liposomes
(MLVs). Thus, liposome size reduction techniques, such as sonication
or extrusion through polycarbonate filters produce a smaller and
more uniformly sized population of liposomes [57].

Ethanol injection/Ether injection

This method is also called solvent injection met, in which dissolve
the lipid into an organic phase (ethanol or ether), and injected into
the aqueous phase media (Heat the media just above the phase
transition temperature of the lipid) by injection forming liposomes.
The main advantages of the ethanol injection method are forming
small-sized liposomes with narrow distribution and no need to use
further processes like sonication or extrusion. The ether injection
method differs from the ethanol injection method since the ether is
immiscible in the aqueous phase, which is also heated to remove the
solvent from the liposomal product. The method involves the
injection of ether-lipid solutions into warmed aqueous phases above
the boiling point of the ether. The ether vaporizes upon contacting
the aqueous phase, and the dispersed lipid forms primarily
unilamellar liposomes. An advantage of the ether injection method
compared to the ethanol injection method is the removal of the
solvent from the product, enabling the process to be run for
extended periods forming a concentrated liposomal product with
high entrapment efficiencies [57].

Reverse-phase evaporation method

A lipidic film is prepared by evaporating the organic solvent under
reduced pressure. The system is purged with nitrogen, and the lipids
are re-dissolved in a second organic phase, usually constituted by
diethyl ether and isopropyl ether. Large unilamellar and
oligolamellar vesicles are formed when an aqueous buffer is
introduced into this mixture. The organic solvent is subsequently
removed, and the system is maintained under continuous nitrogen.
These vesicles have aqueous volume-to-lipid ratios 30 times higher
than sonicated preparations and four times higher than
multilamellar vesicles. Most importantly, a substantial fraction of the
aqueous phase (up to 62% at low salt concentrations) is entrapped
within the vesicles, encapsulating even large macromolecular
assemblies with high efficiency [57].

Double/multiple emulsification methods

The lipid is dissolved in an organic solvent, and then this solution is
mixed with a drug solution of aqueous phase (W1) to form a primary
emulsion (W/0); then this direct emulsion is dispersed into another
aqueous phase solution (W2), resulting in the formation of Double
emulsion (W1/0/W?2). The solvent is evaporated and homogenized
and sonicated and liposomes are obtained [57].

Gradient method using active loading technique

This method is also called as remote loading method and, in this
method, first prepare blank liposomes using a suitable conventional
method, then add drug solution to the external medium that creates
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pH difference/imbalance inside and outside of liposomes that drive
drug to inside liposomes. Mostly alkaline or weakly acidic drug
molecules are loaded into the blank or placebo liposomes by active
loading, and the process is driven by an electrochemical potential
created by the pH or ion gradients established across the lipid
bilayer of the liposomes. The pH or ion gradients are made during
the preparation of liposomes by using the specified pH of the buffer
and the concentration of the ion. The external pH of liposomes is
then replaced with another buffer of different pH or ion
concentrations  through size exclusion or dialysis, or
chromatography. The drug is loaded by mixing with liposomes,
typically at a temperature above the phase transition temperature of
the lipids after creating the pH gradient across the liposome’s
membranes to ensure fluidity and efficient transport across the
bilayer. The drug molecules get charged after interacting with the
ions within liposomes, and charged drug molecules cannot come out
and remain entrapped within liposome vesicles [58, 59].

Formulation techniques for the preparation of LDPI

The basic conversion method of liposomes to DPI is the elimination
of water from the liposomal dispersion after the addition of small
quantities of cryoprotectants (trehalose, mannitol, etc.), carriers
(sucrose, lactose, etc.), and anti-adherents [fig. 6]. LDPI is then
sieved successively by various sieves. LDPI is prepared by mixing
the liposomal dry powder with a suitable carrier, i.e., coarse and
finer grade of lactose-containing blend in a specific sequence [60-
62]. Moreover, the addition of anti-adherents and lubricants is also
required for improving the flow property of the powder, thus
increasing lung deposition.

Various techniques have been utilized to formulate LDPI like freeze
drying, spray drying, spray freeze drying, and supercritical fluid
technology. Each method presently has some possible challenges
listed in fig. 7.

Lyophilization or freeze drying

Lyophilization or freeze-drying is the dehydration technique in
which removal of moisture from the product and converted into
powder form with the help of a cryoprotectant. There are three steps
involved in the lyophilization or freeze-drying process, 1. Freezing:
Frozen the product below its eutectic temperature and the product
obtained in the form of crystalline. 2. Primary Drying: It is also called
as sublimation phase. The partial pressure of vapor is reduced below
the equilibrium vapor pressure of ice, and energy supplied in the
form of heat must remain lower than the product's eutectic
temperature. This step requires the longest time of the three stages
in the lyophilization process and needs a heavy economical cost. 3.
Secondary Drying: This is the elimination process of remaining
traces of moisture from the product by increasing the product
temperature to the primary drying. A diffusion and desorption of
remaining moisture occur in the product, and the objective of
secondary drying is to reduce the final residual water content to an
acceptable level [63].
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Fig. 6: Process flow for liposomal dry powder formulation [Authors creation]
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Spray-dryer

Spray drying is the continuous transformation of feed from a fluid
state into dried particulate form by spraying the feed into a hot
drying medium. The feed may be liquid, dispersion, or semisolid,
provided it is pumpable and capable of being atomized. There are
three basic principles and stages involved in spray drying. 1.
Preparation of fine droplets by applying atomization to the liquid
feed. 2. Drying prepared droplets by mixing spray droplets with a
heated gas phase. 3. Separation of dried droplets from the gas phase.
This technique is the most commonly used because of particle
formation and drying simultaneously [64].

Spray freeze-dryer

The main advantages of this technique are helpful for thermally
sensitive materials, obtaining uniform particle size, and increased
product stability. In this technique, a three-step operation involves
1. Preparation of droplets by applying atomization with the help of
nozzles to a liquid solution or suspension. 2. Rapid freezing of
droplets in cryogenic gas or liquid, and 3. Drying of frozen moisture
to obtain the final dry particles or product [65].

Supercritical fluid technology

In which thermodynamic condition of any chemical substance, when
temperature and pressure increased their critical values
respectively, the substance remains neither in liquid nor in gas state
and behaves as both a liquid and a gas. The density of the
supercritical fluid is like that of liquids with intermediate viscosity,
diffusivity, and high compressibility, and these are the main driving
properties that help to precipitate solid mass from liquid solution in
the medium. A supercritical fluid is a new technology for drying to
prepare micro-sized particles for pulmonary delivery [66].

Inhalation device used for delivery of liposomes

As with any outer particles that arrive in the body, liposomes face
multiple defense systems intended to recognize, neutralize, and
eliminate foreign substances. Such types of hindrances must be
avoided for optimal liposome function. Additionally, the enhanced
permeability and retention (EPR) effect can be utilized to enhance
drug delivery. Indeed, liposomes have some drawbacks as every
formulation has an active ingredient that may release towards the
external phase, potential lipid oxidation, and hydrolysis of the ester
moiety. Further, the stability of liposomes is explicitly limited in the
case of an aqueous environment. Before nebulization, such
parameters should be considered. Apart from these, some other
drawbacks are the manufacturing cost is high, leakage, and fusion of
encapsulated drugs/molecules. Furthermore, sometimes
phospholipid undergoes oxidation and hydrolysis-like reactions and
liposomes have a Short half-life and low solubility [67, 68]. Hence,
the maximum liposomal formulations are nebulized to generate an
inhalable aerosol cloud. The ideal properties of Inhaler devices are

that they can be used at any age for any disease severity [69]. There
are several other advantages to Inhaler devices, like, as some drugs
for inhalation are available only in solution form that requires
Nebulizer (NBs). Second, some patients cannot master the correct
use of conventional methods like metered-dose inhalers or dry
powder inhalers. Further, some patients prefer the nebulizer over
other aerosol-generating devices [70].

Four types of inhalation devices are used for the delivery of
liposomes to the lung: pressurized metered-dose inhalers (pMDlIs),
dry powder inhalers (DPIs), soft mist inhalers (SMIs), and medical
nebulizers [38].

Pressurized metered-dose inhalers

pMDIs are good devices with drugs dissolved or dispersed in liquefied
propellants. The main advantage of this device is the release of drugs
in a precise dose. Due to the high vapor pressure property of this
device, the fuel rapidly evaporates and delivers an accurate amount of
the aerosolized drug particles to be inhaled by the patient [38].

Dry powder inhalers

DPIs have been used to deliver liposomes with drying technologies
such as spray drying, freeze drying, spray freeze drying, or air jet
micronization. It was presumed that the rehydration of liposomes
might take place following the deposition of the powder in the
aqueous environment of the lung using a technique of spray drying
of drugs in liposome formulations, and it is appropriate for
manufacturing particles with a small aerodynamic size (i.e., high fine
particle fraction) [38].

Soft mist inhalers

It is a hand-held propellant-free metered-dose inhalation device that
creates slow-moving aqueous aerosols for the deposition of deep-
lung. The main advantage of SMI is that it delivers liposome-DNA
complexes in repairable aerosols. High doses are needed for the
treatment of many diseases in the lung (e. g., cancers) [38].

Nebulizers

Large volumes of ‘respirable’ aerosol can be produced by this type of
device compared to other devices. The main advantages of this
device are not required a drying process like DPIs, and no
involvement of propellants like pMDIs. It is the most common
inhalation device used to deliver liposomes [38]. There are
numerous categories of nebulizers: air-jet, ultrasonic and vibrating-
mesh devices, which due to their different technology, might affect
liposomal stability to a varying degree [71]. Inhaler devices like NBs
are classic pulmonary drug delivery devices [72]. They have been
used to treat respiratory diseases for many years [73] and are the
oldest form of aerosol generation. They have been available since the
beginning of the twentieth century.
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Air-jet nebulizer’s

In this system, compressed air is constrained through an orifice over
the capillary tube’s open end, making a region of low pressure. The
droplet size is impacted by the pressure of the compacted air and the
architecture of the nebulizer [74].

Ultrasonic nebulizer’s

This system generates aerosols using high-frequency ultrasound
waves [1-3 MHz]. These devices produce vibrations y using
piezoelectric crystals and form a fountain of fluid in the nebulization
cavity. The more significant will be the frequency, the smaller
droplets will be produced [74].

Vibrating-mesh

This innovation is viewed as more qualified for nebulizing
sensitive medication, for example, liposomal protein formulations,
as the temperature rise is reduced in contrast to ultrasonic
nebulizers. The low working recurrence and the vitality required
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for nebulization are applied to the vibration part rather than the
drug solution [71].

Characterization of liposomes dispersion and liposomal dry
powder inhaler

The character of particulate systems is central to the performance of
DPI s. The LDPI for pulmonary delivery may be evaluated at two
levels i) liposome and ii) LPD], and those are listed in table 1 below.

Clinical trial on lung cancer

Many Clinical studies are performed and still going on for promising
drug candidates that can be suitable for human use. Detail
description of various clinical studies and their phases and study
titles is mentioned below in table 2.

Future applications of dry powder inhalers

The DPI of liposomes may be used for various therapeutic purposes.
A few of the essential future implications of LDPI are discussed
below in table 3.

Table 1: Characterization of liposomal dispersion and liposomal dry powder inhaler

Characterization References
Liposomes Liposomal dry powder inhaler
i. Percentage of drug entrapment i. Flow behavior [53]
ii. Particle Size ii. Moisture content determination [53]
iii. Zeta potential iii. Reconstitution time and volume [53]
iv.  Morphology iv. Drug retention and stability study [53]
v. Entrapped volume v. Invitro and In vivo lung deposition and Ex vivo study [53]
vi. Oxidative index vi. Scanning electron microscopy photomicrographs [53]

Table 2: Clinical trials were performed on promising drug candidates against lung cancer

Study title, type, and phase

Summary and references

Title: Niraparib in Combination with Osimertinib in
EGFR-Mutated Advanced Lung Cancer.

Type: Interventional

Phase: 1

Title: A Study of EGF816 and Gefitinib in TKI-naive
EGFR-mutant Non-Small Cell Lung Cancer.

Type: Interventional

Phase: 2

Title: Lung Cancer Vaccine Plus Oral Dietary
Supplement.

Type: Interventional

Phase: 1

Title: Stepped Palliative Care Versus Early Integrated
Palliative Care in Patients with Advanced Lung Cancer
(STEP PC).

Type: Interventional

Phase: NA

Title: Early Integrated Telehealth Versus In-Person

Palliative Care for Patients with Lung Cancer (REACH PC).

Type: Interventional
Phase: NA

Title: Safety and Efficiency of y8 T Cell Against Lung
Cancer.

Type: Interventional

Phase: 1 and 2

Title: AZD1775 Plus Carboplatin-Paclitaxel in
Squamous Cell Lung Cancer.

Type: Interventional

Phase: 2

Title: Stereotactic Body Radiation for Consolidation

After Standard Chemoradiation for Stage 3 Lung Cancer.

Type: Interventional

Phase: 2

Title: Radiotherapy and Durvalumab/Durvalumab
Combo (Tremelimumab/Olaparid) for Small Cell Lung
Cancer.

Type: Interventional

Phase: 1

This investigation aims to assess the combination of medications as a potential
treatment for EGFR-Mutated lung disease. In this exploratory examination, investigators
are trusting that the blend of Niraparib and Osimertinib is well tolerated and that is the
ideal dose of Niraparib in EGFR-mutated lung cancer volunteers [75].

In this examination, specialists concentrate on the well-being and viability of combining
the new products EGF816 and gefitinib. Both EGF-816 and gefitinib are inhibitors that
focus on a particular malignant growth change and can keep tumor development from
seizures [76].

This investigation looks at the Allogeneic Cellular Vaccine 1650-G immunization's
capability to enhance resistant distinguishing proof of cancer cells in patients with
malignant lung growth. The main reason for this investigation was to inspect changes in
the number of resistant cells that may help diminish the chances of cancer recurrence [77].
The principal motivation behind this investigation was to inspect patients having
serious cancers, for example, propelled lung disease, who frequently experience
physical side effects, like shortness of breath. Examination reveals that once the
palliative group performs personally with the oncology group to consider propelled
disease patients, they m have better indication control, personal satisfaction, and
temperament, and their loved ones feel less anxious [78].

The fundamental objective behind this investigation was to look at patients with critical
malignant growths, for example, propelled lung disease, like physical manifestations,
instance. Examination shows that when the Alzheimer's Meditation Group works
intimately with the Oncology Group to consider propelled malignancy patients, they may
experience better manifestation control, personal satisfaction, and state of mind [79].

In this examination, the impacts of y8T cells on human Lung Cancer in blend with
tumor-diminishing medical procedures, for instance, cryosurgery, was investigated [80].

The main intention of this trial was to evaluate what effects AZD1775 utilized as a
combination of carboplatin and paclitaxel [81].

The primary reason for the trial was to decide the adequacy and toxicity of stereotactic
physical radiation [SBRT] as an adjustment after standard chemotherapy for patients in
Phase I1I (NSCLC) [82].

This was a randomized multi-arm trial to assess the safety or efficacy of monotherapy of
durvalumab or to consolidate it with tremelimumab or olaparib in individuals from the
broadened (SCLC). Prime platinum-depended chemotherapy process, total continuous
effect, stable disease, and partial response [83].
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Table 3: Nebulized liposomes-therapeutic efficacy, drugs, and outcome of pre-clinical assessments

Pathology Animal Drug Method for Therapeutic outcomes and Refs
species used preparation
for studies
Cancer (Breast, Nude Mice 9-nitrocamptothecin Modified Solvent 9-NC liposome aerosol was strikingly effective in
Lung, Colon) Evaporation and Freeze  treating three human cancer xenografts growing
Drying (Lyophilization) subcutaneously over the thorax in nude mice at doses
much smaller than those traditionally used in mice
administered by other routes [84].
Melanoma and Mice 9-nitrocamptothecin Modified Solvent The dosages used in this study were 3-20 times lower

Osteosarcoma
Lung Metastases

Evaporation and Freeze
Drying (Lyophilization)

than the dosages of 9INC previously found to be
effective when given by the i. m,, i. v,, or intragastric
routes in mice [85].

Pulmonary Murine Renal  Paclitaxel Modified Solvent Reduction of tumor growth in the lung [86].
Metastases Carcinoma Evaporation and Freeze
Model Drying (Lyophilization)
Pulmonary Pet Dogs Interleukin-2 Modified Solvent Inhalation formulation with liposomes is a very
Metastases Evaporation effective and non-toxic treatment for pulmonary
metastases [87].
Pulmonary Rats Amphotericin B Modified Solvent Increased survival rate and lower lung weights [88].
Aspergillosis Evaporation
Fungal infections Mice, Rat, Amphotericin B Modified Solvent It is an effective treatment for both intracellular
(Candidosis and Rabbits and Evaporation (leishmaniasis and histoplasmosis) and extracellular
Aspergillosis) Dogs (candidosis and aspergillosis) systemic infections due
to its low toxicity at the organ level [89].
Intracellular Franci  Mice Ciprofloxacin Remote/Active Loading  Aerosol delivery of ciprofloxacin encapsulated
sella (Ammonium sulfate liposomes enhanced the delivery and drug retention in
tularensis infection gradient) the lower respiratory region [90].
Asthma and Mice Insulin Thin-film hydration Animal studies were showed an effective reduction of
Diabetes method glucose levels after inhalable administration of insulin
when liposomes used as a drug carrier [91].
Diabetes Rat Insulin Thin-film hydration Inhalable liposomal delivery of insulin provided rapid
method glucose drop (Short time) followed by long-acting (~20
h) sustaining glucose level [92].
Cystic fibrosis Sheep Plasmid DNA Complexation Nebulized /Aerosol delivery of plasmid DNA improved
distribution and the absence of pooling effects [93].
Cystic fibrosis Sheep Adeno-associated Complexation The prolonged-expression after aerosol administration
virus serotype 2. versus i. v. Administration of cationic liposomes [94].
Table 4: Patents on dry powder liposomal inhalers
Inventor  Patent number Summary of the invention and references Date of
patent
WangZet US2006/0280691A1 In the current investigation, researchers developed the DPI for inhalation purposes, the powder Dec. 14,
al. having: spray freeze-dried liposome substances with a biologically active ingredient, for example, 2006
an anti-toxin, entrapped inside a phospholipid, and an active ingredient with a phospholipid for
formulation a liquid liposome Suspension; and spray technique for manufacturing a powder for
inhalation aerosol delivery, the method including the means of blending a biologically freeze-
drying the liposome Suspension to prepare particles of powder [95].
Stuart SB US2013/0330274A1 The investigators developed MAN-LIPs liposomes and successfully demonstrated this in TAM in an Dec. 12,
etal animal model of lung adenocarcinoma. These liposomes were occupied with Cu to allow PET imaging 2013
and contain fluorescent dyes in the lipid bilayer, which is followed by fluorescence microscopy. MN-
LIP is a potential novel vehicle for delivering imaging agents to TAM of the lungs [96].
Rolf M et US2007/0148220A1 The present innovation narrates with liposomes and structures, including liposomes, their Jun. 28,
al. manufacturing, and their use for counteractive action for the management of proliferative disease, 2007
vascular diseases, rheumatoid diseases, infectious diseases, inflammatory diseases, immune
diseases, and allergies [97].
Susan N US2002/0119188A1  The present innovation narrates the method of making a liposome, the technique involving the Aug. 29,
etal means of [a] blending a lipophilic stage and a hydrophilic stage, the lipophilic stage containing an 2002
amphiphilic bilayer-forming Substance; and [b] applying a shear force to the blend to frame the
liposome, wherein the Shear force is made by passing the mix by a part at a velocity Sufficient to
make turbulence in the mixture [98].
Gregory G US 9675554 B1 The invention highlights compositions of reagents shaped by framing empty liposomes, blending Jun. 13,
etal them with these formed liposomes with a Sugar Solution, and drying the blend. The procedure is 2017
valuable in the manufacturing of pharmaceuticals [99].
lan M et US9005654B2 The current investigation deals with an apparatus and processes for formulating liposomes. By giving Apr. 14,
al. a buffer solution in a first repository, and a lipid solution in two reservoirs, constantly diluting the 2015
lipid solution with the buffer solution in a blending chamber produces a liposome [100].
Paul R M US 7491409 B1 This invention gives an approach to formulate liposome-embedded bioactive agents, for example, Feb. 17,
etal nucleic acids, involving complexation of the bioactive agents in reverse mi micelles before 2009

producing liposomes, and the strategies for utilizing the liposomes so shaped and detailed to
convey nucleic acids to cells [101].
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Patents on liposomes dry powder inhalers

Various patents had been granted to the researcher for their
innovation in DPI and liposomes. Patents offer an owner an
exclusive right to an invention and prevent others from misusing it.
Some patents granted to the researcher for their novel work are
discussed below in table 4.

CONCLUSION

Dry powder liposomal inhalers have gotten more consideration
because of their unique properties such as such delivery of drugs at
the targeted site—improved bioavailability, the better release of
medicines, and so forth. Further examination is moreover going on
LDPI at the industrial level to further exploit the potential of this
dosage form in overcoming the loopholes of current drug delivery
systems. This paper suggests the capacity of LDPI as an alternate
delivery system to an existing delivery system. Ongoing
progressions and the presentation of novel procedures for
assembling LDPI brought a better formulation of dosage forms and
better reproducibility. Recent investigations recommended that
encapsulated anti-cancer drugs in inhalers showed promising
efficacy in the treatment of cancer when contrasted with traditional
delivery systems. Results are promising, which energizes the
utilization of this system as an alternative to managing lung cancer.
However, further examination is probably going to redesign the
clinical utility of this dosage in cancer illnesses. The upcoming
potential of these products is linked to solid product acceptance and
the availability of new technologies with patient demand. Numerous
drug delivery methodologies may be engaged to improve drug
therapy with these dosage forms. To accomplish the operative drug
amount in the lung for a prolonged time is an obligatory desire for
various formulations. Recent formulations coming into the market
take very little time for inhalation and can be carried in pockets, thus
helping to increase patient compliance. The review also concludes
and predicts the future that it is the duty of Pharmacists, Nurses,
Clinical scientists, and Doctors to educate patients to use a particular
formulation/inhaler device for a specific condition.
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