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Abstract: (1) Background: Cervical cancer is the third most commonly diagnosed cancer and the
fourth leading cause of cancer death in women worldwide. The highest incidence rates are in Africa,
followed by South-Central Asia and South America. According to the Brazilian National Institute of
Cancer (INCA), 16,370 new cases of cervical cancer were estimated for each year of the biennium
of 2018-2019. About 90% of cervical cancers originate from the malignant progression of cervical
intraepithelial neoplasia (CIN) which is classified based on cytohistological characteristics (low- and
high-grade lesions). The present study reports the long-term effectiveness of topical photodynamic
therapy (PDT) for CIN grades 1 and 2/3 with up to two years of follow up. (2) Methods: A total of 56
patients with CIN 1, ten with CIN 2, and 14 patients for the placebo group were enrolled in this study.
(3) Results: 75% (n = 42) of CIN 1 patients presented a complete response to PDT and only 23.2%
(n = 13) of recurrence, progression, and/or lesions remaining two years after PDT. For CIN 2/3 patients,
90% were observed to be cured after one and two years of follow up. (4) Conclusions: PDT presented
best results two years after a non-invasive, fast, and low-cost procedure and in comparison with
the placebo group, preventing the progression of cervical intraepithelial neoplasia and preserving
the cervix.

Keywords: cervical cancer; cervical intraepithelial neoplasia; human papillomavirus; photodynamic
therapy; methyl aminolevulinate

1. Introduction

The human papillomavirus (HPV) is the most common sexually transmitted infection, causing
cervical and other cancers such as of the penis, anus, vulva, vagina, and some types of oropharyngeal
cancer [1]. Persistent infection with HPV has been identified as a major cause of cervical intraepithelial
neoplasia (CIN), the lesion precursor of invasive cervical cancer.

There are more than 120 different types of HPV that can be classified by their risk of causing
cervical cancer. HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and 82 are considered to be
high-risk HPV to cause cancer, and HPV types 6, 11, 42, 43, and 44 are low-risk and are associated
with the majority of benign lesions affecting the anogenital areas, such as genital warts [2]. It is
also known that between all high-risk HPV types, HPV 16 has been pointed as the most persistent
one. Furthermore, other cofactors of high-risk HPV in cervical carcinogenesis may include smoking,
use of oral contraceptives for the long-term, number of sex partners, and exposure to other sexually
transmitted diseases [2,3].
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The classification of CIN is based on the cellular features to discriminate dysplasia levels, being
CIN 1, mild dysplasia, CIN 2, moderate dysplasia, and CIN 3, severe dysplasia and carcinoma in situ
(CIS) [4,5]. However if CIN is diagnosed at an appropriate time before cervical cancer manifestation,
it may be cured and cervical cancer prevented [4]. The American Cancer Society’s estimates for
cervical cancer in the United States for 2015 are that about 12,900 new cases of invasive cervical
cancer will be diagnosed and about 4100 women will die from cervical cancer [6]. According to the
Brazilian National Institute of Cancer (INCA) the new cases and related deaths of cervical cancer
estimated in Brazil for 2017/2018 were of 16,370 and 5,430, respectively [7]. CIN is reversible lesions
in its pre-invasive stage. Most genital HPV infections are transient, and the majority of all cases will
cleared spontaneously within 18 months in young women [8]. Conization, cryotherapy, and large
loop excision of the transformation zone (LLETZ) are the most common invasive methods and the
primary goal in the management of high grade CIN is to prevent the development of invasive cancer
by complete surgical destruction of all neoplastic tissue. The conservative methods for CIN treatment
and microinvasive cervical cancer are commonly used in young patients [9]. However, the main side
effect of invasive procedures in the cervix is preterm delivery early in the third month of pregnancy
and the late abortion [10]. Laser treatment has lower rates of hemorrhage but this procedure is not so
common due to the high cost [10].

In this scenario, photodynamic therapy (PDT) presents a viable alternative, inexpensive, and
non-invasive option for treatment of high and low grade CIN. This is a technique which occurs due
to the oxidative effect of reactive oxygen species produced during the reaction between a compound
(photosensitizer) and light in a specific wavelength for the photosensitizer excitation [11]. The early
detection and diagnosis of premalignant lesions would have the potential to significantly reduce
patient mortality.

The use of PDT for treatment of CIN 1/2 is reported in the literature. In a study of 2014, the
pro-drug hexaminolevulinate (HAL) was used and the PDT shows a favorable efficacy and safety
profile, representing a promising alternative to surgical procedures in patients with CIN 1 [12]. Ina
review from 2015, the authors said that it is very likely that physicians prescribe topical PDT for CIN
treatment as many patients will be keen to consider a non-surgical option [13].

The comparative studies of treatment groups (PDT) and control (placebo) groups are important
to ensure that the response to clearance is due to photodynamic therapy and not solely because of
the light or photosensitizer stimulus of the uterus, separately [14]. In this study we were also able
to follow 14 patients for two years from the placebo group, where eight received only irradiation at
80 J/cm? and six patients received only cream containing 20% Methyl aminolevulinate (MAL) in the
cervix for one hour. It seems to be a low number of patients in the placebo group, but other authors
who work in gynecological PDT and also in the treatment of low- and high-grade CIN report that their
placebo groups are in a smaller number than the treatment group and it is known that a significant
difference between these two groups is not expected, especially for CIN 1 treatment once most of CIN
1 lesions disappear naturally [15,16].

Our group has been working on this approach since 2008, firstly treating condyloma
acuminatum [16]. The alarming statistics of cervical cancer in Brazil led us to start a new clinical project
focused on this need. Therefore, in 2012, a new device was developed (CerCa 150 System®, MMOptics,
Sao Carlos-SP, Brazil) and in 2013, a new clinical trial was initiated [15], with as a principal goal the
prevention of cervical cancer by an early cost-efficient treatment of cervical intraepithelial neoplasia.

We are reporting a minimally invasive and translational technology with a device approved by the
Brazilian Health Regulatory Agency (ANVISA) and by the Mexican Federal Committee for Protection
from Sanitary Risks (COFEPRIS). A clinical protocol using topical methyl aminolevulinate (MAL-PDT)
was tested in 56 patients with low-grade CIN by Human Papilloma Virus (HPV) infection, and in
10 patients with high-grade CIN 2/3.
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2. Results

CerCa 150 System® development was initiated in 2012, after significant experience of our group
with PDT clinical trials for non-melanoma skin cancer [16]. The research with development of devices
and clinical trials in partnership with companies and public funding was necessary to achieve these
results. The prototype was first used in April 2013 and, after one year, the tests with the new device
started, always with the technical advice of Dr. Welington Lombardi, the gynecologist responsible for
all patients reported in this study. The final version of the device is shown in Figure 1.

Figure 1. CerCa 150 Systern® in two different views, showing the front and the back of the device.

The intrinsic tissue fluorescence by endogenous fluorophores of the cervix with CIN 1 or 2/3
did not provided a visual discrimination. The photodynamic diagnosis was important to verify
protoporphyrin IX (PpIX) production and its consumption by topical medication with MAL at
20% (w/w) in an oil/water cream, and it may help the physician to guarantee the complete PDT
(Figure 2). MAL and aminolevulinic acid (ALA) produce the photosensitizer commonly used in PDT,
protoporphyrin IX (PpIX), by mitochondria and it is a helpful tool to monitor the PpIX production and
consumption during tissue illumination [17,18].

Figure 2. Representative image of the visualization of cervix fluorescence with the CerCa 150 System®
using the laser probe emitting at 405 nm.

Between April 2013 and October 2015, a total of 56 patients with CIN 1 were treated with a single
session (1 h of MAL application and 100.8 J/em? of fluency). The mean age was 25 years old (15-57 year
old), and it was an enrolled group where over than 80% of the patients were less than 30 years old.
Another group (n = 14) received only cervix illumination (n = 8) or only MAL cream application (1 = 6)
to analyze the effects of the light and photosensitizer separately.

A follow-up period of two years was necessary to guarantee the efficacy of PDT in the treatment of
CIN 1 against the possibility of recurrence. Patients were then followed up and an annual colposcopy
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and Pap smear were performed. Among the 56 patients treated, 13 (23.2%) presented treatment failure,
where 5.4% (n = 3) remained with CIN 1, 8.9% (n = 5) had a progression to CIN 2, and another 8.9%
(n = 5) presented recurrence two years after PDT (Table 1). The dysplasia persistence or progression of
the lesion may be due to the inefficacy of the protocol, but it is most probably due to persistence of the
HPYV infection or reinfection, since these patients are sexually active and remain in the risk group.

Table 1. Summary of results from patients treated with photodynamic therapy (PDT) for cervical
intraepithelial neoplasia (CIN) 1 and 2/3.

CIN1
Results General Response of PDT Patients Y% %
No dysplasia - 1 year follow up . 7 125
No dysplasia - 2 years follow up Positive 35 62.5 75
CIN 1 remained 3 5.4
Progression to CIN 2 Negative 5 8.9 23.2
Recurrence 5 8.9
No follow-up 1 1.8 1.8
Total 56 100 100
CIN 2/3
Results General Response of PDT Patients % %
No dysplasia — 60 days follow up . 2 20
CIN 1 remained Positive 2 20 40
CIN 2/3 Negative 6 60 60
Total 10 100 100
No dysplasia -1 year follow up . 3 30
No dysplasia - 2 years follow up Positive 6 60 %0
Negative Negative 1 10 10
Total 10 100 100

There was a complete absence of CIN at two years of follow up in 62.5% of patients (35 lesions).
Considering all lesions with positive responses to PDT with follow up of one and two years, the total
rate was 75% (42 lesions). Lesion persistence (8 lesions) was 14.3% considered remaining at CIN 1
and lesion recurrence, with only 1.8% abstention. Table 1 summarizes all these results considering the
follow up of two years.

The placebo group presented a higher rate of abstention (28.57%) and lesion persistence (14.3%).
The complete remission of lesions totalized 57.14%, of which 21.43% presented at the follow up of one
year and 35.71%at two years. In a systematic review and meta-analysis by Zhang et al., they concluded
that PDT showed more significant results in eradicating premalignant lesions (282 patients) than the
placebo group (141 patients) [15].

The distribution of patients” age shows that most of woman of this study with CIN 1 are above
25 years old, and the study includes girls between 10 and 15 y.o. The reported average age of 25
y.o. for CIN 1 patients added to the fact of later pregnancy shows the need to have techniques
capable of preserving the cervix of women who are still going to get pregnant, and also of preventing
lesion progression.

The high-grade CIN treatment occurred between April 2015 and September 2016, with a total of
10 patients with CIN 2/3 treated with two sessions, using the MAL cream application with three hours
of incubation and a total delivery light dose of 180 J/cm?. These CIN 2/3 patients had the mean age of
30 y.0. (1849 y.0.). In Brazil, in cases of high-grade lesions, the LEEP (loop electrosurgical excision
procedure) is established by INCA, and in this study, a less profound cervix removal was realized
60 days after the second PDT session.



Pharmaceuticals 2019, 12, 107 50f11

Considering all lesions with positive responses after two PDT sessions and 60 days after the
second PDT procedure, 40% (1 = 4 lesions) regressed to CIN 1 or just had chronic cervicitis, but 60%
(n = 6 lesions) showed high-grade lesions in the histopathological analysis of part of the affected cervix.
However, after the follow up of one and two years, a total cure rate of 90% (n = 9 lesions) remission
was observed and only 10% (1 case) returned with high-grade lesions (Table 1).

3. Discussion

With the use of a fluorescence probe, an intense PpIX fluorescence homogenously was observed
at the surface mucosa of the cervix tissue, but it was concentrated in the squamocolumnar junction
(5CJ) shown in Figure 3A. PpIX photobleaching was observed in all patients immediately after the
cervix PDT illumination (Figure 3B). These results indicate a great tool to follow the PDT steps and to
ensure for the physician that a complete treatment was performed.

Figure 3. Cervix images of a patient with CIN 1 obtained with CerCa 150 Systems® coupled with Sony
Xperia®. Panel A: protoporphyrin IX (PpIX) fluorescence in the cervix and Panel B: cervix fluorescence
after PDT (LED 630 nm, 80 mw/cm?, with a total dose of 100 ]/cm2).

The probe for PDT irradiation contains LEDs emitting at 630 nm, a wavelength indicated for PpIX
activation. An acrylic tube is used to guarantee the homogenous light distribution and a stainless
steel instrument that can be autoclaved. The procedure is comfortable for the patients and during the
total time of illumination, they did not report any discomfort or pain. In some cases, a mild colic was
reported. In Figure 4A, there is an illustration of the irradiation probe in direct contact with the cervix
and at panel B, a drawing of the clinical setup is shown.

B)

Figure 4. The representative image of the treatment of cervix by photodynamic therapy with the CerCa
150 System® using a LED tip emitting at 630 nm. Panel A: transversal view of the cervix during
illumination. Panel B: an illustration demonstrating the clinical procedure.

According to the literature, CIN 1 lesions have a natural regression. However, Ostor et al., in 1993,
in a review of the natural history of cervical intraepithelial neoplasia, reported the regression rates
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of CIN 1 as 57% (the same rate of the placebo group of the present study), persistence as 32%, and
progression of 11% [19]. Because of this high percentage of natural regression, the patient with CIN 1
does not usually receive any type of treatment procedure and the examination is repeated after one
year, when the patients return. Of this percentage, then, there is a 43% of probability that this lesion
remains there or, even worse, progress to a higher degree dysplasia, potentially resulting in a more
complex patient management and higher cost treatment. There is also the possibility of the patient
does not return, as shown by the high rate of no follow up of our placebo group.

Hillemanns et al. tested the effectiveness of topical HAL in 47 CIN 1 patients who underwent PDT
and only 12 other patients in the placebo group who received only one vaginal suppository containing
the pro-drug HAL. They observed that the HAL PDT response in the CIN 1 population was not
significantly different to that of the placebo group, due to a high rate of spontaneous regression in the
CIN 1 population. This was probably caused by the inclusion of oncogenic HPV-negative patients [13].

Although some countries indicate only the follow-up of the patient without performing any
procedure as a standard procedure, if the physician wants to perform some procedure, she/he has
only the option of conization. Among the side effects of this procedure, there is the loss of cervical
integrity, increasing the possibility of premature birth, the closure of cervical canal making menstruation
impossible, and increasing the possibility of a carcinoma and infections [20,21]. On the other hand,
photodynamic therapy has a great tissue repair rate and the cervix maintains its anatomical and
mechanical characteristics, without clinical alteration of function and physiology. Figure 5 shows the
integrity of the cervix of a patient after 2 years and 9 months of PDT procedures and it is clear there is
no damage of the tissue. After the colposcopy, the same cervix without lesions is clearly shown in this
figure. Some patients got pregnant during the follow-up, showing the integrity of the cervix.

Figure 5. Cervix 2.5 years after PDT. Panel A: white light image, showing the integrity of tissue. Panel
B: white light image after colposcopy, with no damage.

According to the Brazilian National Institute of Cancer (INCA), the age range for screening for
cervical cancer is 25 to 64 years old and once positive for CIN 1, they should repeat the cytology in
three years and there will be only some intervention if CIN 1 persists or there is progression of the
lesion to 2/3. Due to the territorial dimension and faulty distribution of medical specialists throughout
Brazil, this long follow-up time can mean the patient’s non-return and the evolution of the lesion to a
more serious condition [7].

Considering the cervical intraepithelial neoplasia of high-grade CIN 2/3, the standard treatment is
the transformation zone removal or conization. However, complications involving that treatment are
described by diverse authors and the main concern is due to the reproductive future, since the disease
occurs more frequently among young women [4]. In our study, the histopathological analysis of LEEP
samples 60 days after PDT indicated the presence of high-grade CIN (2/3) in 60% of all patients treated
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with PDT. These findings differ in comparison with Barnett et al. [22], who achieved an eradication rate
of 66% with PDT and placental group (LEEP) with the LEEP three months after PDT. This may have
happened because two months may have been a small time to see tissue changes from injury reduction.
In addition, there is a possibility of disparity in histological findings between punch biopsies and
samples obtained by LEEP [23].

With the follow-up of one and two years, the eradication rate of 90% with PDT was observed, and
with only one case of recurrence of CIN 3 (Table 1). Zhu et al. showed that of the 238 patients, 211 (88.7%)
patients remained free of persistence/recurrence, while 27 (11.3%) experienced persistence/recurrence,
in a median follow-up period of 25 months [24]. In another study, the authors concluded that women
who have undergone excisional treatment for high-grade CIN indicate a very low risk for recurrent
disease and potentially negligible risk for invasive cancer, provided that a strict and vigorous follow-up
is offered after treatment [25]. Therefore, the PDT associated with LEEP can decrease recurrence rate
and, in addition, the literature shows that this treatment can stimulate the patient’s innate immune
system, helping to clear HPV infections [26], whereas a cohort study of 201 patients performed with
patients in Brazil showed a total cure rate in 80% (1 = 161) of all patients who underwent conization
with LEEP of the high-grade cervical intraepithelial lesions, followed for an average of two years.
In the results presented here, the 90% of cure after long term follow up is may be due to both the
reduction of viral load, and associated with the LEEP procedure.

The variables that initially presented statistical significance as indicators of risk for recurrence
were: number of partners, seropositivity, cone margins, and glandular involvement. The simultaneous
occurrence of glandular occupation and compromised margins showed the most frequent
recurrences [27].

Based on the achieved results of dysplasia treatment, the low rates of persistent lesions and
recurrence and satisfactory tissue healing, through a safe and non-invasive technique, we propose PDT
as a therapeutic option for CIN 1 and 2/3.

To perform the LEEP surgical procedure 60 days after the non-surgical photodynamic therapy
procedure presents several advantages, such as reducing the size of the cervix piece to be removed by
LEEP once one or two PDT sessions decrease the CIN size. In addition, PDT has a known action in
reducing viral load and when associated with less deep LEEP, will decrease the chances of recurrence,
and help to heal the cervix [28-30].

PDT for CIN lesions can be performed at the ambulatory level, which entails economy for the
public health system, and faster treatment of patients who already have an injury to the cervix, even if
it is only of a low grade. Especially considering the concept of treatment indication and not only lesion
monitoring, there is a psychological gain for the patient, since there will not be the stress involved of
knowing she has a lesion that may or may not evolve into a potentially malignant disorder or even to
cervical cancer.

Even with three vaccines (Gardasil® and Gardasil®9, from Merck & Co., Inc., Kenilworth,
New Jersey, and Cervarix®, from GlaxoSmithKline Biologicals, Middlesex, United Kingdom), FDA
approved and clinically available for protection against the four types of HPV (types 06, 11, 16, and
18) which cause most cervical cancers, they are not effective at treating established HPV infections
or disease caused by HPV. Another point is that these vaccines do not protect against all types of
HPYV that cause cervical cancer, which is why vaccinated women should still be screened for cervical
cancer [6]. Therefore, given the established infection, these results indicate PDT as an alternative
treatment, especially for those patients who likely will not return to the doctor, ensuring that there will
be care for these lesions, reducing the chance that there will be an increase in the degree and avoiding
progression, including a possible cervical cancer.



Pharmaceuticals 2019, 12, 107 8of 11

4. Materials and Methods

4.1. Patient Enrollment

Patients with confirmed diagnosis of cervical intraepithelial neoplasia (CIN) grade 1 and grades
2/3 by histopathology, bearing or not the HPV virus or HIV, were selected and invited to participate in
this study. The patient inclusion was consecutive, non-random, and decided by the clinicians involved
in the research.

Fifty-six patients with CIN 1 were treated between April 2013 and October 2015, and monitored
up to July 2017. A placebo group formed by 14 patients received only light (1 = 8) or only topical
methyl aminolevulinate cream (1 = 6), with the same parameters for CIN 1 treatment, and these
patients were monitored during the same period. Ten patients with CIN 2/3 were treated between
April 2015 and September 2016, and monitored up to December 2018. Written informed consent was
obtained following approval by the Human Medical Ethics Committee (CEP 827.010, April 2013).

4.2. Application of MAL Cream

The patient was positioned in a gynecological bed and 2 g of cream containing 20% (w/w) of
methyl aminolevulinate (MAL) was delivered at the vagina using a needleless syringe and a tampon
was used to keep the cream in place for one hour for CIN 1 or the placebo group, and three hours for
CIN 2/3. This cream containing the pro-drug MAL (PDTPharma, Cravinhos-SP, Brazil) penetrates
the cells and into the mitochondria, inducing the formation of the photosensitizer protoporphyrin IX
(PpIX) locally.

4.3. Fluorescence Images

After one or three hours of cream incubation, the patient was once again placed on the gynecological
bed, the tampon was removed, and the excess of cream in the cervix was cleaned using cotton or gauze.
The equipment used in this study is a device named “CerCa 150 System® ” produced by MMOptics
(Sao Carlos, Sao Paulo, Brazil) in collaboration with the Johns Hopkins University, Rockville, MD,
USA. The superficial PpIX production was visualized by a tip with a laser beam with excitation at 405
nm + 10 nm, and maximum output power of 50 mW + 20%. The dichroic mirror and specific filters
facilitate the visualization of green (mucosa) and red (PpIX) fluorescence. The images were obtained
and captured by a portable device (a smartphone Iphone Apple 5 S or 6) connected at the visor probe.

4.4. Photodynamic Therapy

After the fluorescence visualization, the treatment probe with 630 nm LEDs (light-emitting
diodes) was positioned for a uniform irradiation of the entire cervix. The irradiation parameters were:
irradiance of 80 mW/cm? for 21 min, delivering a total dose of 100.8 J/em? for patients with CIN 1;
irradiance of 120 mW/cm? for 25 min, delivering a total dose of 180 J/em? for patients with CIN 2/3.
After PDT, another fluorescence detection is performed to record the PpIX consumption. The patients
with CIN 2/3 received two applications of PDT, one week apart. Sixty days after the second PDT, a less
profound loop electrosurgical excision procedure (LEEP) was performed to remove part of the affected
cervix which was utilized for histopathological analysis.

4.5. Follow-Up

The patients with CIN 1 were followed at 30 and 90 days after PDT, and by two other long-term
follow-ups of one and two years after the treatment. The patients with CIN 2/3 were followed at 60 days
after LEEP, and by two other long-term follow-ups at one and two years after the treatment. The clinical
evaluation was performed by colposcopy, autofluorescence visualization, and Pap test for all the
patients. For the clinical evaluation, a simple microscope was positioned on the cervix and a camera
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was attached to the microscope and visual inspection was performed before and after the colposcopy.
In case of a positive for CIN at the cytology, a biopsy was performed for histopathological analysis.

5. Conclusions

PDT is considered a very attractive technique for the treatment of malignant lesions at an early
stage, especially for developing countries. The development of the CerCa 150 System® device and
the use of a Brazilian medication containing 20% MAL enables the treatment of these patients for free
in the public health system. Another huge multicenter study with over 250 patients with CIN 2/3 is
ongoing, showing that topical MAL-PDT has decreased the high-risk HPV load over than 76%, leading
us to conclude that it is a promising technique which may be used after the onset of low-grade lesions,
or even in cases of more extensive lesions.

6. Patents

United States patent number 9,550,072, granted on January 24, 2017 with MMOptics, LTDA,,
Sao Carlos, SP, Brazil as the assignee.
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