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Abstract. Dynamics of immunological reactivity indices in patients with laryngal papillomatosis at different
periods after complex treatment with antivirus qudrivalent vaccine "Gardasil". Zabolotny D.I., Sambur M.B.,
Savchenko T.D., Krivokhatskaya L.D., Zayets T.A., Tymchenko M.D. The aim of the study is to determine di-
sorders of immune homeostasis in patients with laryngeal papillomatosis at different periods after complex treatment
with the inclusion of the “Gardasil” quadrivalent vaccine in the adjuvant therapy. Studies of the immunity state were
conducted in 26 patients with laryngeal papillomatosis (LP) before, 2-12 and 13-29 months after complex treatment,
consisting of surgical removal of papillomas and anti-relapse therapy, including inhalation of Laferobion, taking a
vitamin-mineral complex and a course of vaccination with antiviral “Gardasil” quadrivalent vaccine according to
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which the second and third injections were administered in 2 and 6 months after the first. Significant disorders of
cellular and humoral immunity indices in patients with LP were revealed in the form of multidirectional changes in the
functional activity of natural killer cells, a decrease in the total number of T lymphocytes, mainly due to CD4"
subpopulation, increase in circulating immune complexes level in blood serum and concentration of secretory IgA in
the secretion of the oropharynx. Disbalance in the patient’s cytokine system resulted in increased y-IFN and TNF-a
serum levels, an increase in spontaneous production of interferon and inhibition of stimulated production of 1 - and y-
interferon by blood cells in vitro. Complex treatment with the use of the “Gardasil” quadrivalent antiviral vaccine in
the postoperative period contributed to the normalization of most immunological reactivity indices that were altered in
patients. The results indicate the prospects of using the antiviral vaccine as part of adjuvant antirelapse therapy after
surgical treatment of LP patients and indicate the advisability of long-term clinical and immunological monitoring at
different periods after vaccination.

Pedepar. Innamuka nokaszarajieii MMMYHOJIOTHYECKOH PeAKTUBHOCTH 00JIbHBIX MANWLIOMATO30M I'OPTAHU B
pa3Hble CPOKHU MOCJe KOMILIEKCHOTO JIeYeHNs ¢ MPUMEeHEeHHeM NMPOTHBOBUPYCHON KBaJAPUBAJEHTHOH BAKIHHBI
«appacw». 3adonorubiii [1.1., Camoyp ML.B., CaBuenko T./., KpuBoxarckas JI./., 3aen T.A., Tumuenxko M./,
Llenv pabomsi - onpedenenue HApYuleHUd UMMYHHO20 20MeOoCAsd y OONbHLIX NANNULOMAMO30M COPMAHU 8 DA3Hble
CPOKU nociie KOMNIEKCHO20 leYeHuss C BKIOYeHUueM 8 COCMA8 d0blo8AHMHOU mepanuu K8aopusanieHmHOU 6aKyUHbl
«lapoacuny. Hccrneoosanus cocmosnus ummynumema Ovliu npogedenvl y 26 601bHbIX NANULIOMAMO30M 20PMAHU
(III') 0o, uepes 2-12 u 13-29 mecsayes nocie KOMNIEKCHO20 NEYEHUs], COCMOSABUE20 U3 XUPYPSUHLECKO20 YOANeHUs.
NANUIIOM U NPOMUSOPEYUOUsUpylowel mepanuy, GKIOYagulell uxealayuu aagepobuona, npuem GUMAMUHO-
MUHEPATIbHO20 KOMIAEKCA U KYPC aAKYUHAYUU NPOMUBOSUPYCHOU K8AOpUaileHmHol eakyunou «I apoacuny, komopulii
npPoBOOUNICA NO CXeMe, N0 KOMOPOU 6Mopas U mpembvsi UHbEeKYUuu 8600UNACh uepe3 2 u O Mecsayes nocjie nepeoil.
Cywecmeennvie HapyuleHus noxkazamenel KI1emo4Ho20 U 2yMOPAaiIbHO20 UMMYHUmMema y 60aoHuix 117 Ovliu eviasiensl 8
8U0e PA3HOHANPABTICHHBIX USMEHeHUUl (DYHKYUOHANbHOU AKMUBHOCIU eCTNeCMBEeHHbIX KIeMOK-KULIEPO8, YMeHbUIeHUS
obwezo konuvecmea T-numgpoyumos, 6 ocnonom 3a cuem CD4" - cybnonynayuu, nosviuienus yposHs yupKymupyouux
UMMYHHBIX KOMNIIEKCO8 8 CblBOPOMKe KpO8U U KOHYeHmpayuu cekpemoproo 1gA e cekpeme pomozenomxu. [Jucéananc
8 cucmeme YUMOKUHO8 OONbHLIX BbIPA3UICA 8 NOSbIULEHUU CblBOpomouHblx yposeHeli y-MOH u TNF-a, ycunenuu
CNOHMAHHOU NPOOYKYUU UHMeEPDEPOHAa U YeHemeHUU CIMUMYIUPOBAHHOU NPOOYKYUU A - U y-uHmepghepoHos Kiemxkamu
Kposu in vitro. KowmniekcHoe Jeuenue ¢ UCNOAb30BAHUEM 6 HOCICONEPAYUOHHOM Nepuode KeaopusaieHmHou
npomMueosupycHoti eakyunvl «l apoacuny cnocob6cmeosano HOpMamu3ayuy OONbUUHCMEA USMEHEHHbIX ) OO0NbHbIX
noxkazameinet UMMYHOI02UYEeCKOl peakmusHocmu. Tlonyuennvle pe3yiomamol CGUOEMENbCBYIOM O NePCHEeKMUSHOCIU
UCHONb30BAHUA NPOMUBOBUPYCHOU 6AKYUHBL 8 COCMABE AOBLIOBAHMHOU NPOMUBOPEYUOUBUPYIOWET Mepanuy nocie
Xupypeuueckoeo neuenus y Oonvuwbix ¢ IIIT u ykaszvigarom Ha yYenecooOpPA3HOCMb NPOBeOeHUs ONUMETbHO2O
KIUHUYECKO020 U UMMYHONI02UYEeCK020 MOHUMOPUH2A 8 PA3Hble CPOKU NOCTIe 8AKYUHAYULU.

The disease of laryngeal papillomatosis (LP) is
characterized by a progressive, recurrent course,
capable of malignancy, which negatively affects the
quality of life of patients, has serious social and
financial consequences. Today it is considered
proven that the main etiological factor of its
development is the human papilloma virus (HPV)
[10, 11, 13]. Respiratory papillomatosis is most
often associated with viruses of types 6 and 11,
which are classified as low carcinogenic risk, less
often — 16, 18 types of high carcinogenic risk, which
are considered to determine the most aggressive
course of the disease. [10]. The frequency of malig-
nancy of respiratory papillomatosis according to
various authors is 2-3%. Thus, early diagnosis of the
disease, increasing the effectiveness of its treatment
are important factors in the prevention of laryngeal
cancer.

The main method of LP treatment is surgical
removal of the papilloma. However, due to its ability
to spread to the upper respiratory tract and frequent
recurrence, treatment of this pathology is still a
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problem and requires a comprehensive approach
with the use of antirelapse adjuvant therapy in the
postoperative period. Modern approaches to the
adjuvant treatment of LP include immunomo-
dulatory, antiviral therapy, the use of cytostatics and
others [14]. In recent years, there are studies that
indicate the inclusion of prophylactic vaccines
against HPV in the complex therapy [17]. To date,
three vaccines have been registered that provide
protection against several types of human papil-
lomavirus. The first generation vaccines include
Cervarix® (GlaxoSmithKline), Gardasil-4® (Merck
& Co., Inc., Whitehouse Station, NJ, USA). Cer-
varix is a bivalent recombinant vaccine that contains
virus-like parts of HPV types 16 and 18, which
cause most cases of oral and laryngeal cancer from
the upper respiratory tract.

Gardasil-4 is a quadrivalent non-infectious re-
combinant HPV vaccine containing virus-like parts
characteristic of HPV types 6, 11, 16, and 18. Vac-
cines do not contain viral genetic material but
consist of the main capsid proteins L1, which induce

Licensed under CC BY 4.0



MEJINYHI IIEPCIIEKTUBH / MEDICNI PERSPEKTIVI

the development of humoral immune responses, they
genetically engineered, not capable of reproduction
and are not infectious [16].

In 2014, the US Food and Drug Administration
(FDA) licensed the second-generation Gardasil-9
HPYV vaccine, which in addition to four types (HPV
6, 11, 16, 18) contains antigens. types of HPV with
high oncogenic risk (HPV 31, 33, 45, 52 and 58) and
can prevent up to 93% of cases of cancer associated
with HPV [12]. Studies have shown that Gardasil-9
vaccine is safe, generally well tolerated, and its high
efficacy (90-98%) in the prevention of some HPV-
related precancerous diseases has been maintained
for up to six years. However, in individuals with
impaired reactivity of the immune system, the
response of antibodies to active immunization may
be reduced [8].

One of the most important factors that determine
the body's resistance or sensitivity to HPV is the
state of immunological reactivity of the body. As
shown by many clinical and immunological studies,
persistent chronic infection causes disorders of local
and systemic immunity, which significantly affect
the clinical course of the disease and the effec-
tiveness of treatment [13]. All this determines the
relevance of our study, which aimed to determine
the disturbances of immune homeostasis in patients
with laryngeal papillomatosis before and at different
times after complex treatment with the inclusion in
the anti-relapse therapy of quadrivalent antiviral
vaccine "Gardasil".

MATERIALS AND METHODS OF RESEARCH

The study of immunological reactivity was per-
formed in 26 patients with recurrent LP before
treatment and 21 patients after complex treatment,
which included surgery to remove papillomas and a
course of antirelapse therapy. The latter consisted of
intraoperative administration of aminocaproic acid
intravenously, inhalations of laferobion, vitamin-
mineral complex (vitamins A, E, C, Se, Zn, Cu) and
three injections of quadrivalent Gardasil vaccine into
the deltoid muscle of the shoulder, which were
administered by the scheme according to which the
second and third injections were administered 2 and
6 months after the first.

In the removed pathologically changed tissues of
all patients by polymerase chain reaction (PCR)
HPV type 11, type 6, their combination or as-
sociation with high carcinogenic risk of HPV were
identified [4]. Patients after treatment were divided
into two groups depending on the duration of obser-
vation. The first group consisted of patients who
were re-examined 2-12 months after treatment, the
second group — patients with a re-examination
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period of more than a year (13-29 months). The
results were compared with similar indicators in
almost healthy individuals of the control
group (n=10).

Determination of systemic immunological reac-
tivity of patients was performed by obtaining serum
and isolating blood mononuclear cells in the density
gradient of ficoll.-verografin. Indicators of cellular
immunity were characterized by quantifying the
composition of CD3"-, CD4™- and CD8"- of sub-
populations of blood lymphocytes using monoclonal
antibodies to lymphocytic CD-markers (manufac-
tured in Gomel, Republic of Belarus) by the method
[6], cytotoxic activity of natural killer cells (NKC) —
by spectrophotometric method according to
O.F. Melnykov, T.A. Zayets [5].

The content of circulating immune complexes
(CIC) was evaluated by the method of E.S. Be-
lozerova, T.A. Makarova [2].

The blood interferon system was studied using
the method of interferon induction in micro-
quantities of undiluted blood in the modification of
L.V. Dzyublyk and co-authors [3]. As an inducer for
o-IFN, a vaccine strain of Newcastle disease virus
10 TCID per cell was used, y-interferon was stimu-
lated with the mitogen phytohemagglutinin (PHA)
“Difco” at a concentration of 5-10 pg/ml. The optimal
time for stimulation of a-IFN is 24 hours, y-IFN — 42-
72 hours at a temperature of 37°C. Interferon activity
was assessed by inhibition of the cytopathic action of
the test virus, vesicular stomatitis virus, Indiana strain
in Hep-2 cell culture. The optical density was
measured at a wavelength of 570 nm [3].

The concentration of immunoglobulins, a-IFN, y-
IFN and TNF-a in blood serum and sIgA in the
oropharyngeal secretion was determined by ELISA,
according to the manufacturer's instructions
(“HEMA Medica”, Russia).

Statistical processing of the research results was
performed using the licensed software package
STATISTICA 6.1., Using non-parametric U Wilco-
xon-Mann-Whitney test, and the method of angular
Fisher's transformation. Statistical processing of
interferon status data of patients was performed by
determining the probability of the mean difference
using Student's test [1].

RESULTS AND DISCUSSION

The results of the studies presented in Table 1
indicate that the number of T-lymphocytes in
patients with LP is significantly reduced, mainly due
to their CD4" subpopulation. After treatment there
was a normalization of the relative number of CD4"
cells in the peripheral blood of patients during the
first year after vaccination, which again decreased at
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a later date. The relative number of CD8" lym-
phocytes in patients with LP probably did not differ
from the values of similar parameters in the control
group and did not change significantly at different
times after treatment.

Indicators of functional activity of natural killer
cells play an important role among cellular reactivity
reactions in patients with LP both for the course and
the prognosis of the disease.

Table 1

Parameters of cellular immunity in patients with LP in different terms of examination

Relative number of cells, %

Parameters after treatment
before treatment control
n=13 n=14
2-12 months 13-29 months
n=11 n=13

CD3" T-lymphcytes, % 45.4% 52.6 49.2 54.1
(33.0-60.0) (44.0-62.0) (36.0-56.0) (40.0-65.0)

CD4" T-lymphocytes, % 28.9%* 34.2 30.8%* 35.6
(17.0-46.0) (26.0-45.0) (21.0-36.0) (27.0-41.0)

CDS8" T-lymphocytes, % 194 18.4 18.6 21.1
(10.0-31.0) (14.0-26.0) (13.0-25.0) (14.0-28.0)

Activity of NCC, % 22.5 18.2 13.4* 23.9
(0.0-63.4) (0.0-65.2) (0.0-33.9) (10.8-32.8)

Notes: in brackets fluctuation limits are presented, * — p<0.05; ** — p<0.01 as compared with control.

Studies have shown that the average levels of
natural cytotoxic activity (NCA) of peripheral blood
mononuclear cells in patients with laryngeal
papillomatosis did not differ on average from those
of almost healthy individuals in the control group
(Table 1). However, in patients with LP the ranges
of individual fluctuations in the levels of functional
activity of NCC are expanded significantly, they
ranged from 0 to 63.4%, compared with those in the
control group, being 10.8-32.8%, which was the
basis for by which we determined the number of
patients with normal, reduced or increased level of
functional activity of NCC in each group of subjects.
After treatment, the average value of NCC activity
in the blood of patients in remission during the first
year after vaccination tended to decrease. Over a
period of observation of more than a year, the
average value of NCA levels of blood cells of
patients decreased, probably differing from other
groups of patients due to the reduction in patients
stimulated to treatment of NCA levels to normal
values, as indicated in Table 1 limits of individual
fluctuations of these indicators. This led to an
increase of the relative number of persons with
normal values of functional activity of NAC after
treatment to 40% during the first year (p=0.05) and
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38.5% in the subsequent observation as compared with
23.5% of such patients at the initial examination.

The results of the study of interferon status in
patients with LP showed significant disorders in the
system of interferon-genesis, which were manifested
by inhibition of in vitro production by blood cells of
patients of «- and y-interferons against the
background of stimulation of spontaneous interferon
production and increase its serum level (Table 2).

Determination of o- and y-interferons in the
serum of patients in the dynamics of observation
showed that the increase in the concentration of
serum interferon IFN was accompanied by an
increase in y-IFN at constant levels of a- IFN in the
serum of patients with LP, which together with the
suppression of blood cells to stimulated production
of a-INF indicates a lack of effectiveness of antiviral
protection mediated by the interferon system.

After the treatment, it was found that the ability to
production of a- and y-interferons by the stimulated
blood cells of patients increased significantly, probably
exceeding similar indicators before treatment. In the
serum of patients there was an increase in levels of
both y-INF and o-INF (Table 2). Spontaneous
production of interferon by blood cells of patients and
the level of serum y-IFN remained increased.

Licensed under CC BY 4.0
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Table 2

Findings of interferon status in patients with LP before
and at different terms after treatment (M=+m)

Mean titres of interferon, u/ml

Findings patients, before treatment patients, after treatment
control group
n=10 n=16 in 2-12 months in 13-29 months
n=10 n=13
Spontaneous production of IFN 2.3+2.0 4.0+1.5*%* 4.0+1.0 4.0+1.5
Production of o- IFN 34.8+2.5 13.4£2.0%* 34.5+1.9* 28.7+£2.2%
Production of y- IFN 14.6+1.7 4.3£1.0%* 10.8+1.5* 9.4+1.5*
Serum IFN 7.3+1.7 10.4+1.5%* 9.3+2.1 9.9+2.0

Notes: * — results statistically different from the ones in patients before treatment, p<0,05; ** — results statistically different from control, p<0.05; n —

number of the examined in the group

Indicators of the content of one of the important
indicators of activation of the inflammatory process
— TNF-a in the serum of patients in the dynamics of

treatment indicate a probable increase in its level in
patients compared with the control group and a
significant decrease after treatment (Table 3).

Table 3

Levels of a-IFN , y-IFN ta TNF- o in blood serum
of patients with LP in dynamics of observation

Groups of study subjects

Findings Patients with LP
control
before treatment in 13-29 months after
treatment
a- IFN, pg/ml 31.5 31.1 260.0 *
(2.0-66.8) (0-91.3) (20.7-632.1)
n=15 n=11 n=10
v —IFN, pg/ml 51.1 131.6* 219.1*
(23.5-89.7) (14.6-920.7) (17.1-958.9)
n=8 n=10 n=9
TNF- a, pg/ml 3.9 8.1* 5.7
(0-11.1) (5.6-14.8) (4.9-7.4)
n=8 n=9 n=11

Notes: in brackets fluctuation limits are presented; * — p<0.05 as compared with control

The state of humoral defense mechanisms of
patients with LP was assessed by determining the
content of circulating immune complexes, immuno-
globulins of different classes of serum and secretory
IgA in the secretion of the oropharynx.

It is shown that the level of circulating immune
complexes in patients with LP significantly exceeds
the one in the control group (Table 4). After the
treatment in 2-12 months the concentration of CIC
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in the blood of patients with LP decreased and on
average did not differ significantly from the indi-
cators in the control group. After the vaccination in
13-29 months CIC values were completely norma-
lized and did not exceed the control values in all
examined patients.

Analysis of studies of the content of serum
immunoglobulins of different classes shows an
increase in the concentration of serum IgM in
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patients with LP compared to its content in the
control group, and this trend of changes in this
indicator remains after treatment. Serum IgG levels
in patients before and after treatment did not
fluctuate significantly and in most patients did not

exceed physiological values. Increased IgA content
in patients with LP at the expense of significant
increase in the concentration in some patients
(6 patients, 28.6%) after treatment decreases almost
to the values of the control group.

Table 4

Concentration of immunoglobulins of various classes, CIC in blood serum and secretory
immunoglobulin A in oropharynx secretion of patients with LP before and after treatment

. Statistical IgM, IgG, IgA, CIC, sIgA,
Groups of patients indicators g/l g/l g/l c.u. mg/l
Before treatment MV 1.5% 11.5 2.6 67.6% 580*
FL 0.9-2.8 7.2-15.7 0.7-17.6 7.0-155.0 130 - 1275
n 21 21 21 18 8
2-12 months after MV 14 11.0 1.9 45.7 520
treatment FL 0.8-2.8 9.0 - 15.0 05-3.2 5.0-95.0 487 — 556
n 12 12 12 11 3
13-24 months after MV 1.7 10.9 2.0 375 440*
treatment FL 0.6 -3.9 7.3-13.7 1.2-34 5.0-61.0 124 -1104
n 13 13 13 13 9
Control group MV 1.1 12.0 1.8 28.0 220
FL 0.5-1.6 10.5-5.0 1.0-2.40 0-62.0 58 -700
n 10 10 10 15 10

Notes: MV — mean value; FL — fluctuations limits; n — number of study subjects; * — significance of differences relative to control, p<0.05.

The amount of secretory IgA in the oropha-
ryngeal secretion of patients with LP probably
exceeds the control values in all groups of subjects,
changing insignificantly in different periods of
observation (Table 5), which indicates a high level
of response to viral infection by the main factor of
local immunity of mucosal membranes of the
oropharynx, playing the role of a compensatory
mechanism, especially in conditions of cellular
immunity.

Thus, the obtained research results indicate that
in patients with LP significant changes in cellular
and humoral immunity are detected, which are
manifested by a deficiency of peripheral blood T-
cells, mainly due to their CD4 -subpopulation,
multidirectional changes in the cytotoxic activity of
natural killer cells, disorders of interferon status in
the form of inhibition of stimulated production of a-
and y-interferons by blood cells and spontaneous
production of interferon by blood cells in vitro,
increased level of serum y-INF, increased levels of
CIC and TNF-o levels. An increase in the con-
centration of secretory IgA was detected in the
oropharyngeal secretion of patients with LP.

The results of repeated studies of immunological
reactivity of patients indicate that the treatment,
especially during the first year after vaccination,
contributed to the normalization of most of the
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altered factors of the immune system. In particular,
there was an increase in the relative number of blood
T-cells and their CD4"-subpopulation, normalization
of stimulated cytotoxic activity of NCC, the ability
to produce in vitro of alpha- and gamma interferons
by blood cells, the concentration of CIC in blood
serum. In both two terms of patients’ follow-up after
treatment, spontaneous production of interferon by
blood cells and serum y-INF levels remain increa-
sed. At the same time, the concentration of antiviral
a-INF in the blood serum increases significantly and
the content of TNF-a is normalized.

Elevated levels of secretory IgA in the oropha-
ryngeal secretion of patients remained unchanged.

The obtained results testify to the effectiveness of
the proposed treatment with using complex of
antirelapse therapy vaccine "Gardasil" in the
postoperative period, capable of correcting most of
the identified disorders of immunological reactivity,
against which clinical manifestations of the disease
proceed; this is confirmed by positive clinical results
— the absence of cases of malignant transformation
of the disease during the follow-up period, an
increase in the intercurrent period, a probable
decrease in their recurrence rate to 4.8% compared
with 23.5% of relapses in patients receiving similar
treatment except for vaccination (p<0.02) [7].
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As shown by the results of our previous studies
conducted by polymerase chain reaction, among
55 patients with LP in removed pathologically
altered tissues, HPV type 6 (35%) patients were the
most common, in 33% of cases in tissue of removed
papillomas, HPV type 11 was detected, in 18% of
cases the association of 6 and 11 types of viruses
was determined, their combination with human
papilloma viruses of high carcinogenic risk — in 14%
of patients [3]. Control PCR analysis performed 1
year after vaccination in 10 patients did not reveal
the presence of 6, 11 and 16-33 types of HPV in the
laryngeal mucosal scraping.

The results of our study correlate with the data of
other authors that the vaccines "Gardasil-4" and
"Gardasil-9" cause stronger cell-mediated and hu-
moral immune responses to HPV than those that
were activated by HPV infection, they are able to
stimulate the reactivity of antibodies to associated
types of HPV, which is accompanied by a decrease
in the frequency of surgical interventions,
prolongation of the intercurrent period [9, 15].

The results of clinical studies suggest that
modern HPV vaccines can be used in patients with
HPV-associated diseases as part of adjuvant therapy,
their effectiveness has been confirmed in the
treatment of patients with recurrent respiratory
papillomatosis [11, 17].

Therewith, changes in a number of indicators of
immunological reactivity revealed in the patients
after treatment indicate persistent disorders of
immune homeostasis which were caused by chronic
persistent viral infection and may justify the
feasibility of long-term clinical and immunological
monitoring of these patients and further search for
new effective schemes of adjuvant therapy using
modern polyvalent vaccines against HPV in order to
increase the effectiveness of their treatment, namely:

correction of altered indicators of immune homeo-
stasis, formation of long-term specific protection,
prevention of further relapses.

CONCLUSIONS

1. The study of immunological reactivity of
patients with LP revealed a disorder of a number of
indicators of cellular and humoral immunity which
were reflected in multidirectional changes in the
cytotoxic activity of natural killer cells, decrease in
the relative number of T-lymphocytes mainly due to
their CD4+-subpopulation, disorder of interferon
status, increased CIC level and the concentration of
secretory IgA in the secretion from the oropharynx.
The imbalance in the cytokine system of patients
was marked by an increase in serum levels of y-INF
and TNF-a, an increase in spontaneous interferon
production and suppression of stimulated production
of a- and y-interferons by blood cells in vitro.

2. Comprehensive treatment with quadrivalent
vaccine "Gardasil" contributed to the normalization
of the most of the altered indicators of immuno-
logical reactivity, namely an increase in blood T-
lymphocytes and their CD4+-subpopulation, norma-
lization of increased cytotoxic activity of NCA and
the ability to stimulate in vitro production of a- and
v-interferons by the blood cells, normalization of
CIC and TNF-a levels in serum.

3. The results obtained indicate the effectiveness
of the Gardasil-4 vaccine in the complex of post-
operative therapy of LP patients, as indicated by a
significant reduction in the frequency of recurrences,
absence of cases of malignant transformation of the
disease, normalization of most identified disorders
of immunological reactivity and negative results of
PCR analysis for HPV determining.
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