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ABSTRACT

Objectives: This clinical study was developed to primarily evaluate the Complete Cytopathological
Response Rate of Cervical Intraepithelial Neoplasms to PDT using chitosan nanocapsules containing
Chlorocyan-aluminum phthalocyanine as a photoactive agent. Analyses of the Free Recurrence
Interval, toxicity profile (immediate and late), and complications (immediate and late), were secondarily
analyzed.

Methods: This study was previously approved by the National Council of Ethics in Research of Brazil
(CONEP), on May 28, 2014, under case number 19182113.4.0000.5009. On the surface of the cervix of
each selected patient was applied one mL of the formulated gel, and after 30 min, the light was
applied. Reports or the identification of adverse effects and/or complications were observed in follow-
up visits, in addition to the collection of cervical oncotic cytology.

Results: Out of the total group, 11 (91.7%) primarily treated patients evolved with negative cervical
oncotic cytology as soon as in the first evaluation following treatment, and one did not achieve any
therapeutic benefit, even after reapplication. Two patients with initially positive response presented
cytological recurrence determined by histopathology. A new round of PDT was developed, and both
evolved with cytological remission three weeks later, remaining negative until the last follow-up. No
important side effects were observed in all the patients.

Conclusions: Our trial demonstrates that treatment of CIN 1 and 2 lesions using our PDT formulation
is feasible and safe. Large randomized clinical trials are required to establish efficacy.
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Introduction microparticles, and polymeric or lipid nanoparticles are high-
lighted [3].

Considering the disease targeted in these studies (CIN),
one of the DDS evaluated belongs to the class of the chito-
san nanoparticles, which presents well-established mucoad-
hesive properties [4], becoming an option to increase the
time of contact with the active drug and to treat the target
tissue with a fast release of the active compounds [5].
Besides, the chitosan DDS is insoluble in pH above 6.5. and

at low concentrations, it does not present cytotoxicity, as

Drug delivery systems (DDS) represents one of the most
promising fields in science, developed to contribute to the
improvement of both human and animal health, offering sev-
eral advantages to conventional pharmaceutical therapies
and drug formulation. The investigation of controlled release
systems, including the modulation of the dissolution process,
reduction of toxicity, and increase of drug uptake, makes it
an acceptable and convenient clinical protocol for the
patient. Furthermore, these strategies can also make active

drugs more available to the specific target tissues, inducing
a better and faster therapeutic effect [1]. The development
of this new generation of pharmaceutical formulation, allow-
ing the optimization of drug release speed, and the improve-
ment of the dose regime through the controlled release of
assets into specific target sites, has been the main goals of
numerous studies in recent years [2]. Among the biocompat-
ible raw materials employed in such studies, liposomes,

shown by in vitro studies [6] and in more recent in vivo stud-
ies on cervical cancer [7].

Cervical cancer is a common neoplasm in women [8-10].

Most cervical neoplasms originate from the junction of
the simple columnar epithelium (endocervix) with squamous
epithelium (ectocervix). This cervical region is a site of
intense  alteration, especially in intrauterine periods,
puberty, and during the first pregnancy, declining after the
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menopause. The term Cervical Intraepithelial Neoplasia (CIN),
as proposed by Richard [11], designates invasive carcinoma
as the precursor of cervical cancer. Microscopic analysis find-
ings corroborate the CIN diagnosis: cellular immaturity, cellu-
lar disorganization, nuclear abnormalities, and high mitotic
activity. If mitoses and immature cells are present only in the
lower third of the cervical epithelium, the lesion is usually
designated as CIN1. When lesions compromise lower and
middle thirds, they are classified as CIN2, and those that
compromise up to the upper region are classified as
CIN3 [12].

Lesions classified as CIN1 have a low aggression condition
and can either regress spontaneously over time or progress
slowly toward CIN2 and CIN3. In clinical practice, patients
with CINT only receive therapeutic intervention if there is a
progression. CIN2 and CIN3 lesions present a risk of progress-
ing more rapidly toward invasive lesions, but in the absence
of local extension and lymphatic dissemination, they are
treated using local therapeutic approaches such as High-
Frequency Surgery (CAF), laser ablation, cryotherapy, or hys-
terectomy. Hysterectomy is considered a radical treatment
for early cervical cancer, whereas the cervix and uterus are
usually removed (simple hysterectomy). Laser ablation is a
technique that uses a laser beam applied to the area to be
treated to destroys the altered cells. Cryotherapy is a proced-
ure that uses a cold chemical (liquid nitrogen) to destroy the
wanted cells. High-Frequency Surgery uses electric energy (in
high voltage) that is transformed into heat and can cut the
desired tissue, avoiding at the same time bleeding. All these
modalities have similar curative efficacy and must be chosen
depending on the risk to the woman [13]. It is worth noting
that the structural damage of the cervix, caused by abrasive
or invasive techniques, can compromise patients’ reproduct-
ive capacity. In this sense, Photodynamic Therapy (PDT), in
cervical neoplasia, is known to preserve cervical competence,
favoring the uterus’ physiological preservation [14].

Photodynamic Therapy emerges as an alternative nonin-
vasive local treatment for CIN (14). PDT is a clinical protocol
that involves the photoactivation of photosensitizer drugs
(PS) with visible light in specific wavelengths of absorption.
After absorbing the light, these molecules in the excited
state induce a cascade of photochemical events that, in the
presence of the molecular oxygen present in local tissues,
induce a well-localized production of reactive oxygen species
(ROS), especially singlet oxygen. These oxygen species react
rapidly through type | or Il photochemical reactions, leading
to cellular death by an apoptotic or necrotic process. These
reactive oxygen species can also destroy the tumor’s vascu-
larization and trigger a specific immune system response
against it, increasing the final effect of cell death. As the
main advantages compared to other classical anticancer
therapies, such as chemotherapy or radiotherapy, it can be
highlighted that PDT works as a rapid, harmless, and local
treatment. Moreover, PDT does not induce systemic side
effects and can be repeated several times without tumor
resistance with a short delay between consecutive thera-
pies [15].
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The class of molecules eligible to clinically work as PS
should present a long life of the triplet reactive excited spe-
cies generated by photoactive pathways (greater than
500ns), enough time to react with molecular oxygen and
induce ROS production. We also expected this molecule to
present a high absorptivity coefficient in the electromagnetic
spectral region, called phototherapeutic window, in the
range of visible light, between 600nm and 800nm [16].
Furthermore, this molecule should present good solubility
and biocompatibility, with the absence of any phototoxicity
in the dark, associated with a fast clearance of healthy tis-
sues and body (generally from 24 to 48 h). With such charac-
teristics, a good penetration of visible light, greater than 2 or
3cm is possible even in slightly pigmented tissues, with min-
imal risk of undesired side effects such as the destruction of
healthy tissues that do not contain the therapeutic agent,
mainly when used topically or transmitted with target-spe-
cific delivery systems (DDS).

Considering the previous list of described properties for a
good PS, three groups of photosensitive molecules can act
as effective photosensitizer drugs: Porphyrins,
Phthalocyanines, and Chlorins. The family of Phthalocyanines,
as 2nd generation molecules, includes a variety of substances
that have photosensitizing property, of which phthalocyanine
stands out, with activation in the range from 670 to 690 nm
and with a clear and well-defined tissue penetration in the
target cells [17]. However, most of these photosensitizing
molecules are hydrophobic, requiring a designed formulation
for their clinical use in drug delivery systems (DDS), such as
liposomes, nanoemulsions, nanoparticles, or nanocapsules.

The use of Chloroaluminum phthalocyanine (AICIPc) for-
mulated in nanostructured systems, mainly associated with
chitosan nanocapsules, with mucoadhesive property, produ-
ces a photosensitizing drug ideal for topical application in
mucous membranes. It could also be associated with
Protoporphyrin IX as a second photoactive molecule for pho-
todiagostic of the lesion. Its use on the vaginal and cervical
epithelium, associated with light stimulation with visible light
in the range of 650 nm, with good penetration into the tis-
sue, demonstrates that the DDS has the desired properties
for local therapy and theranostic behaviors in the treatment
of cervical neoplasia, with preservation of the integrity of the
surrounding tissues.

This clinical study was developed to primarily evaluate
the Complete Cytopathological Response Rate of Cervical
Intraepithelial Neoplasms to PDT using chitosan nanocap-
sules containing Chlorocyan-aluminum phthalocyanine as a
photoactive agent. Analyses of the Free Recurrence Interval,
toxicity profile (immediate and late), and complications
(immediate and late), were secondarily analyzed.

Materials and methods
Materials

Protoporphyrin IX was purchased from Frontier Scientific®;
aluminum phthalocyanine chloride (AICIPc) (Dye content
~93%), Dimethyl Sulfoxide (DMSO), acetic acid, sodium
hydroxide, acetone (HPLC grade) and, Pluronic-F127 were
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purchased from Sigma-Aldrich Co., USA. The water used in
all experiments was ultrapure (Milli-Q).

Methods

Preparation of chitosan-based nanoparticles (CNP) for
encapsulation of aluminum phthalocyanine chloride
(AICIPc) and protoporphyrin IX (PPIX) photosensitizers
Initially, the apparatus used to prepare the formulations was
sterilized using a horizontal benchtop autoclave at 120°C
(p = 2.3 Kg.Fcm™2) for 30 min. The preparation and manipula-
tion of polymeric formulations were performed in aseptic
conditions using a biological safety cabinet (ESCO Class II).
First, @ 10mL chitosan (Sigma-Aldrich) solution of low
molecular weight was prepared at a 0.25% concentration in
an acid medium based on a 0.25mol/L solution of acetic
acid under controlled agitation. Afterward, a fraction of each
ethanolic stock solution containing the active compounds
protoporphyrin IX and aluminum phthalocyanine chloride
was added to the reaction, respectively, for each photosensi-
tizer. For the neutralization of the acid medium, 2.0 mL of a
sodium hydroxide solution at a 0.25mg/mL concentration
(Sigma-Aldrich) was added during the homogenization pro-
cess using an Ultra Turrax T25 disperser (IKA Labortechnik,
Staufen, Germany) attached to a rod, processing volumes up
to 10mL. Chitosan nanoparticles (NQ) were recovered after
centrifugation at 10,000G for 60 min and then resuspended
in ultrapure water and stored in a refrigerator at 4°C for
12h. Finally, the NQ were subjected to a gelling process
using 23% (w/v) of Pluronic-F127 to obtain a hydrogel in the
final pharmaceutical form of CNP (jellified chitosan nanopar-
ticles), CNP-AICIPc, CNP-PPIX, or CNP-Mixed (chitosan nano-
particles loaded with AICIPc or PPIX).

Quantification of drug incorporation efficiency

The absorption spectrum of CNP-AICIPc and CNP-PPIXs was
determined by a UV-visible absorption spectroscopy tech-
nique in the stationary state using an Ultraspec 7000 Dual-
beam Spectrophotometer (GE Healthcare Life Sciences,
Sweden). The scan analysis to obtain the maximum wave-
length (Amay) for the photosensitizers was performed through
the dilution of the samples, executed ten times in a 1:1 ratio
of saline phosphate buffer and acetone. All analyses were
performed on quartz buckets of 1cm optical path at room
temperature, using the spectral interval of 350-750 nm.

To determine the amount of AICIPc or PPIX in the CNP,
50 ul of the formulation was dissolved into 50 ul of DMSO to
ensure the full release of the drug from the formulation.
Absorption and fluorescence measurements were performed
in an acetonitrile medium. The reading was performed on
the UV/VIS.

Determination of particle size and zeta potential

The mean particle diameter of the prepared hydrogels and
their size distribution (polydispersion index - IPd) were
determined by dynamic light scattering analysis (DLS) using
a Zetasizer® (Nano ZS, Malvern Instruments, UK). The

analyses were performed in a 173° scanning angle after the
dilution of 20 uL of the formulations into 2mL of ultrapure
water. The zeta potential () was determined by the electro-
phoretic mobility of colloidal samples using the same previ-
ously mentioned apparatus (Zetasizer®). All determinations
were performed in triplicate, at 25°C, with dilution identical
to that described above.

Shelf life determination

Shelf life studies were performed using the analytical centri-
fugation method with photometric detection characterized
by STEP-Technology® (Space- and Time-resolved Extinction
Profiles) in a LumiSizer 612v Dispersion Analyzer (LUM Ltd.,
Berlin, Germany), through which a 400 puL volume of hydro-
gels was placed in the LUM 2mm, PC, Rect. Synthetic Cell
(110-131xx), and subjected to a 3655rpm rotation at 25°C.
A total of 255 profiles were recorded (in 880 nm) to evaluate
the transmission profile and particle sedimentation (velocity),
using the SEPView® 5.1 software.

Viscosity profile determination with temperature variation
The viscosity related to the temperature of the produced
hydrogels was measured with a Compact Modular
Rheometer — MCR 52 (Anton-Paar GmbH, Graz, Austria), using
the RHEOPLUS software. The analysis was performed with a
cone-and-plate measurement geometry CP50-1, (diameter:
50mm; cone angle: 1°). Afterward, 0.5mL of the samples
were added at 4°C+2, being measured at a constant rota-
tion speed of 150 rpm, temperature variation of 4-40° C with
a temperature increase of 2°C.min~". The data (viscosity vs.
temperature) was then plotted into the RHEOPLUS software.

Clinical trial

As defined in the CONSENT Form of the National Council of
Ethics in Research of Brazil (CONEP), approved by the
Ministry of Health on 28 May 2014, under case number
(Certificate of Presentation for Ethical Appreciation)
19182113.4.0000.5009, the patients included in this study
should meet the following requirements: being female with
18 years of age or older, and having the diagnosis of CIN1 or
CIN2 by histopathological analysis. The exclusion criteria,
defined by the same instrument, were: the presence or suspi-
cion of invasive neoplasia, photosensitivity or allergy previ-
ously reported to any photoactive substance (whether or not
in the form of a biocompatible gel), patent hymen, vaginal
atrophy, previous treatment for CIN, ongoing pregnancy, and
patients with acquired immunodeficiency syndrome. The
selected patients should expressly authorize that they
approved their free participation in the trial by signing the
Free and Informed Consent Form (TCLE).

Clinical procedures

In the first visit of the patient, anamnesis and analysis and
recording of diagnostic and epidemiological data were per-
formed to guide the treatment and deadlines of follow-up



Figure 1. Trocater Access used for PDT assays.

consultations, in addition to the reading and signing of
the TCLE.

Photodynamic therapy procedures

A continuous Laser Lighting system, developed in partnership
with the DMC Equipamentos® Ltda (Sao Carlos-SP, Brazil), was
used as a light source, operating from 300 to 400 mW of
power in the range of 650 nm, with adjusted irradiation time.
This system was adapted to promote diffuse irradiation,
reaching every area involved in the treatment through an
endovaginally introduced exchange. It is constituted by a
lighting and image capture system, and an optic fiber pas-
sage channel that allows the targeting of the laser to the
inside of the vagina. For PDT application, the patient was
placed in a gynecological position, and the vaginal speculum
was introduced to allow complete visualization of the cervix,
which was cleaned with a physiological solution and gauze,
followed by the application of a volume of 1 mL of the formu-
lated gel with the aid of a plastic spatula on the surface of
the cervix. The speculum was removed for light occlusion for
30min. Then the Access vaginal trocater was introduced,
along with an optical fiber for red laser lighting, observing a
minimum dose of 200J, power of 1.20W, irradiance of
0.30W.cm 2, and fluency of 50J.cm 2 (Figure 1). Reports or
the identification of adverse effects and/or complications
were observed in follow-up visits, in addition to the collection
of cervical oncotic cytology in a liquid medium.

After undergoing treatment, patients were scheduled to
be evaluated weekly in the first month (4 consultations).
Each evaluation consisted of anamnesis, which analyzed
adverse effects and complications, in addition to gyneco-
logical examination with video colposcope and collection of
cervical oncotic cytology in a liquid medium. Those patients
who did not meet cytological and/or videocolposcopic crite-
ria for remission continued for weekly evaluations for
another four weeks. After this limit, if the patient still showed
signs of the disease, they were considered unresponsive and
referred to conventional therapy (electrocauterization or con-
ization), or even another section of TFD. Patients who pre-
sented complete cytopathological and/or videocolposcopic
responses, within a maximum period of 8 weeks of immedi-
ate follow-up, were followed up on an outpatient basis with
monthly medical consultations in the first trimester after
remission, and bimonthly from the second to the
fourth trimester.
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Figure 2. UV-Visible absorption spectra of encapsulated CNP: PPIX (Ayax =
400 nm) in red, AICIPC (Ayax = 674 nm) in blue, and mixed system in green.

Statistical analysis

Two statistical tests were carried out looking at the effect of
the number of treatments on results (positive or negative) i)
Logistic regression and ii) Chisq using Fisher’s exact due to a
low number of repetitions. Both tests showed no significant
difference between the number of treatments. Odds ratio
was 3.7 (Cl 0.32-41.59).

Results
Drug loading

After loading the AICIPc or PPIX in CNP, the CNP was quanti-
fied by absorption spectroscopy (Figure 2) and presented a
final concentration of 30 pumol/L and 20 pumol/L of PPIX and
AICIPc respectively.

Diameter and zeta potential

The average size, Pdl, and zeta potential (Figure 3) were
used as indicators of stability.

Shelf life determination

The determination evaluated the STEP Profiles and the trans-
mission integral (Figure 4) after production at 25°C, reveal-
ing that the formulation remains stable while stored at room
temperature.

In the 12-month study of long-term stability (shelf life),
we did not detect any substantial changes for any hydrogels
when comparing the final transmission profiles with the ini-
tial profiles, as the slope reaches almost zero and the initial
and final profiles stay in the same position. This result indi-
cated that the particles remained stable throughout the
experiment. These parameters predicted that all produced
hydrogels remain stable for at least one year.



54 A. C. F. VENDETTE ET AL.

A)

1000 0.5
E 800 _ i 0.4
]
£ 600+ { i 0.3
g
8 4004 x 0.2
c
3 200~ 0.1
8 )

o L . N . 0.0
Q o >
(Jé \O\Q QQ\ é\‘\9
D AP
N 9 &

IPd
=
5 G
T 33

o
1

Zeta Potential { (mV)
o
1

o
1

O

Qé' &%

3
Q’ 3
SR
(OIS

QO
vsCo\
Q’

&

Q
oé

Figure 3. Mean particle hydrodynamic size and polydispersity index (Pdl) (A), and Zeta Potential ({) (B), of CNP, CNP-AICIPc, and CNP-PPIX.

Viscosity profile determination with
temperature variation

The gelation temperature of the formulations is an essential
parameter for this work, as the goal of these hydrogels are
intra-vaginal delivery. The parameters observed by rheometry
are available in Figure 5.

This result shows that the hydrogel stays in sol form
between 4 and 20°C, and turn into gel form around 30°C.
Considering this, at 36-37°C (human body temperature), the
formulations remain a gel for application, and since the pH
of the region is acidic (between 2 and 4), the acid present in
the region will protonate the chitosan and then release the
encapsulated photosensitizers for the treatment.

Clinical trial

A total of 14 patients were treated, although only 12 were
considered for analysis. One patient resigned treatment with-
out justification, nor provided any information on her deci-
sion, along with another patient diagnosed with pregnancy
one week after PDT. It is important to report that, although
the case was removed from the analysis, it was observed
that PDT does not bring any harm to pregnancy or the for-
mation of the conceptus.

Patient’s ages ranged from 18years to 52years, with an
average of 24.5years. Epidemiologically, we did not identify
any factors that could have relevance in this analysis other
than those reported in the usual literature. According to the
histological classification, 91.7% (11) of the patients pre-
sented Low-Grade Intraepithelial Lesion, CIN 1, and 8.3% (1)
presented High-Grade Intraepithelial Lesion, CIN 2 (Table 1).

In the group of patients subjected to the analysis, 15 PDT
sessions were performed since three patients were treated
for a second time due to the recurrence of the pathology
(Table 2). As this was a pilot study, for the first section, there
were variations in the amount of luminosity (200-300J),
power (1.20-2.00 W), irradiance (0.40-0.70 W/cm?), fluence
(50-80J/cm?), and the laser modality was continuous light
(12). All reapplications, in relapses, used doses of 300J of
pulsed light and fluence of 80J/cm® The applications
occurred in an average time of 92s (80-106).

Regarding immediate toxicity, there were only mild com-
plaints of heat in the lower abdomen during laser

application. However, no patient presented any situation that
limited the continuity or required treatment modification.
Only one patient brought clinical complaints of pelvic pain
and frequent urination in her first follow-up visit, which was
diagnosed as a low urinary infection, solved with a urine cul-
ture-guided antibiotic therapy.

Out of the total group, 11 (91.7%) primarily treated
patients evolved with negative cervical oncotic cytology as
soon as in the first evaluation following treatment, which
ranged from 2 to 4weeks (average of 2.5weeks), and one
only did not achieve any therapeutic benefit, even after
reapplication. The first two patients with initially positive
response presented cytological recurrence determined by
histopathology. The first patient was diagnosed with CIN2
and relapsed after three months of negativity, and her histo-
logical classification of relapse was CIN1 (Table 2). The
second patient maintained the CIN1 diagnosis after four
months of the initial remission. These patients received initial
applications with continuous light at the power of 1.20W in
a 200J dose, the same parameters used for the refractory
patient. New TFD was performed with pulsed light at the
power of 2.00W, in a 300J dose, and both evolved with
cytological remission three weeks later, remaining negative
until the last follow-up. The mean follow-up of the patients
was 6.16 months (3-10 months).

Discussion

Cervical neoplasms are a serious public health problem in
several countries, usually developing from superficial epithe-
lial lesions. The treatment of these superficial lesions is very
variable in medical practice; however, the structural damage
of the cervix, caused by abrasive or invasive techniques, can
compromise the reproductive capacity of patients. It can be
a differential of PDT in cervical neoplasia, as it is known to
preserve cervical competence, favoring the physiology of the
uterus [14]. This data should be highlighted when we verify
that our patients presented a mean age of 24.5 years, during
the fertile age.

Our study evaluated PDT in the treatment of initial lesions
of the cervix, with good efficacy in 91.7% of cases. Moreover,
no toxicity or complications were observed, especially in the
anatomical and tissue structure of the cervix.
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Figure 4. Continued.

Patients that presented recurrence or refractoriness were
the first included in the study (patients 1, 2 and 3), when the
parameters were still being adjusted, receiving applications
with lower irradiance values (0.30 W/cm2) and fluence (50J/
cm2) compared to those applied in subsequent patients.
These factors may explain early recurrence and are also rein-
forced by the fact that there was no second remission, after
the retreatment, at the dose of 300)J, irradiance of 0.50 w/
cm?, and fluence of 80J/cm?. Besides, all the other patients
that received higher fluence had a positive response to the
treatment. The non-responder patient presented an extensive
lesion in the uterine cervix, affecting more than 50% of the
mucous surface, which may have made it difficult to
approach her entire cervix, perhaps requiring sequential
applications. However, for safety reasons, this patient
received conventional treatment as required by the
trial protocol.

Even though this pilot study used, in most cases, patients
with low-grade of intraepithelial injury, CIN 1, a negative
cytopathological examination collected in patients in a short
time (average of 2.5 weeks) is observed after a single applica-
tion of therapy, an unusual fact in the natural history of the
disease [18].

Success rates in studies published with PDT and cervical
neoplasia vary from 68% to 90% [14,19-21]. This difference
can be explained by the heterogeneity of techniques, rang-
ing from the systemic or topical use of the photosensitizer,
the light source employed, and the group of neoplasms
included, some with CIN3. What draws the most attention is
the difference in toxicity, since the drug’s application route is
intravenous, with reports of skin photosensitivity, sometimes
requiring hospitalization for the use of a protocol of lumi-
nous desensitization, despite high rates of cytological
response [22]. In studies using topical aminolaevulinic acid in
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Figure 5. Graph of gelation temperature of CNP formulations.

Table 1. Patients’ characteristics and treatments.

Patient Age Histology Power Fluence Time Laser

1 20 CIN 2 120 W 50 J/em? 1065 w

2 18 CIN 1 120 W 50 J/cm? 106s w

3 28 CIN 1 1,40 W 50 J/cm? 91s w

4 18 CIN 1 1,60 W 50 J/cm? 80s w

5 25 CIN 1 1,60 W 50 J/em® 80s w

6 52 CIN 1 1,60 W 50 J/cm? 80s w

7 24 CIN 1 1,60 W 50 J/cm? 80s w

8 23 CIN 1 1,60 W 60 J/cm? 965 w

9 24 CIN 1 1,60 W 60 J/cm® 965 w

10 31 CIN 1 1,60 W 60 J/cm? 965 w

11 25 CIN 1 1,80 W 72 Jjem? 102s w

12 46 CIN 1 1,80 W 72 Jjem? 102s cw
Table 2. Baseline patient: clinical: trial characteristics; and patient outcome.

Number of Cytological Relapse  Cytological Relapse Number of Follow-up Toxicity Failure

Patient  Histopathology =~ PDT Treatments  after 1st treatment  after 2nd treatment  Cytological exams Weeks (Immediate/late)  therapeutic
1 CIN 2 2 Yes No 13 40 No No
2 CIN 1 2 Yes No 13 40 No No
3 CIN1 2 Yes Yes 13 40 No Yes
4 CIN 1 1 No - 12 32 No No
5 CIN1 1 No - 12 28 No No
6 CIN 1 1 No - 1 20 No No
7 CIN1 1 No - 1 24 No No
8 CIN 1 1 No - 10 16 No No
9 CIN1 1 No - 10 16 No No
10 CIN 1 1 No - 10 16 No No
1 CIN1 1 No - 9 16 No No
12 CIN 1 1 No - 9 16 No No

the cervix, the tolerability data on toxicity are very close to
what we found in our sample [20-23]. A significant differen-
tial of the method employed in this research is the absence
of toxicity when compared to the use of systemic photosen-
sitizers, besides the shorter time in the application of the
therapy, since the time between the application of dye and
lighting does not require a long absorption interval, decreas-
ing the discomfort of the patient [22].

As a perspective, the CNP can also serve as a platform for
combined therapies and for improving the release of the

photosensitizers. The co-encapsulation of photosensitizers
and superparamagnetic nanoparticles or photothermal
agents, for instance, can enable us to combine two different
modalities of cytotoxic strategies. The combination of PDT
and magnetohyperthermia has shown to be more effective
than the isolated approaches against different malignant
cells in vitro [24,25]. Magnetically or photogenerated heat
can also be used to increase the release of the photosensi-
tizers to the target cells, once the formulation is applied to
the affected area [26,27].
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Conclusion

Based on the above, we believe that the treatment with
AICIPc-chitosan nanoparticles in gel form, associated with
red laser stimulation, is a promising and safe therapeutic
modality of CINs and, if considering the absence of toxicity,
perhaps a preventive therapy that can be employed in high-
risk populations even in the absence of routine screen-
ing tests.
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