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Abstract

Background: Concerns about the safety and efficacy of vaccines in patients with autoimmune diseases (AID) have
led to contradictions and low vaccination coverage in this population, who are at a higher risk of infections,
including by human papillomavirus (HPV). Although HPV vaccines have been recommended for
immunocompromised patients, there is still a lack of data to support its use for AID patients, such as juvenile
dermatomyositis (JDM) patients. The aim of this study was to assess the safety and immunogenicity of the
quadrivalent HPV (gHPV) vaccine in a cohort of JDM patients.

Methods: JDM patients aged from 9 to 20 years and healthy controls (HC) were enrolled to receive a 3-dose
schedule of gHPV vaccine from March/2014 to March/2016. Study visits were performed before the first dose, 1
month after the second and third doses, and 6 months after the third dose. Participants completed a diary of
possible adverse events for 14 days following each dose of vaccination (AEFV). Disease activity and current therapy
were analyzed at each visit for JDM patients. In addition, serum samples from all participants were collected to test
antibody concentrations against HPV16 and 18 at each visit. Participant recruitment was conducted in ten Brazilian
centres. From 47 eligible JDM patients and 41 HC, 42 and 35, respectively, completed the 3-dose schedule of the
vaccine, given that five JDM patients and two HC had received doses prior to their inclusion in the study.
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for JDM patients.

registered.

Results: The AEFVs presented by the participants were mild and in general did not differ between JDM and HC
groups. No severe AEFVs were related to the vaccination. Disease activity was stable, or even improved during the
follow-up. One month after the third dose of the vaccine the JDM group presented seropositivity of 100% for
HPV16 and 97% for HPV18, similarly to the HC group, who presented 100% for both serotypes (p = 1.000). Six
months after the third dose the seropositivity for the patient group was 94% for both HPV types.

Conclusions: The HPV vaccination in this cohort of JDM patients was safe and immunogenic. Since the
seropositivity against HPV16 and 18 was very high after the 3-dose schedule, this regimen should be recommended

Trial registration: Brazilian Clinical Trials Registry, number: RBR-9ypbitf. Registered 20 March 2018 - Retrospectively

Keywords: Juvenile dermatomyositis, Quadrivalent HPV vaccine, Safety, Immunogenicity

Background

Numerous studies have shown that patients with auto-
immune diseases (AID) are at a higher risk of infections
and related complications due to the immunosuppression
caused by the disease itself, associated with the use of
medications that interfere with the immune system re-
sponse [1-7]. The human papillomavirus (HPV) infection
has been studied in this population, especially in patients
with adult and juvenile systemic lupus erythematosus
(SLE), the prototype of AID. It is known that SLE patients
have a heightened risk of HPV infections and its complica-
tions such as genital warts and oncogenic lesions [8—13].
Patients with intestinal bowel disease (IDB) and juvenile
idiopathic arthritis (JIA) were also described to be at a
higher risk of HPV infections and cervical neoplasia [8].
Although no data are available regarding HPV infection in
adult and juvenile dermatomyositis (JDM) patients, it is
known that they are also more prone to complications
and mortality from serious and opportunistic cutaneous
and systemic infections [14].

Despite vaccination is the most effective resource to pre-
vent infections, there are concerns regarding the safety
and efficacy of vaccines related to AID and their immuno-
suppressive treatments, such as a potential risk of causing
an exacerbation of the underlying disease, a possibility of
inducing an infection (in case of a live-attenuated vaccine),
or inefficacy due to the impaired immune response [1-7,
9]. The uncertainties surrounding this issue may directly
impact on the vaccination cover in this group of patients
[2, 15-18]. Interestingly, the main reason for the low vac-
cination coverage in AID patients is the lack of recom-
mendation by physicians [15, 16].

HPV vaccines have been shown to be safe, well tolerated,
and highly efficacious against vaccine-type HPV infection
and its complications [19-22]. However, concerns regarding
their safety have been raised after the publication of case re-
ports about possible correlations between this vaccine and
the onset of autoimmune and neurological conditions in
healthy populations [23-25]. Epidemiological studies have

been performed to further investigate this issue and this cor-
relation was not confirmed [26, 27]. Indeed, the vaccine is
considered safe by the World Health Organization (WHO)
[28]. Moreover, in patients with pre-existing AID, some stud-
ies have shown that HPV vaccines were not associated with
an increased incidence of new-onset AID [29, 30].
Quadrivalent HPV (qHPV) vaccine, Gardasil, is a non-
live vaccine that immunizes against the main HPV sub-
types (6, 11, 16 and 18). HPV 6 and 11 subtypes are re-
sponsible for the development of 90% of condylomata
acuminate, whereas HPV 16 and 18 subtypes account for
approximately 70% of cases of cervical cancer, 90% of anal
cancer, 60% of vaginal cancer, and 50% of vulvar cancer
worldwide. Gardasil has been widely used by healthy
women from 9 to 26 years of age since its launch in 2006
in the United States of America and in Europe [19-22]. In
Brazil, it was implemented in National Immunization Pro-
grams (NIP) in 2014, initially to girls from 11 to 13 years
of age in a 3-dose schedule (0, 6 months, and 5 years).
During the following years the vaccination schedule was
changed and the immunization coverage was progressively
extended. Currently in Brazil, the vaccination schedule
comprises two doses (0 and 6 months) for healthy girls
from nine to 14 years of age and for healthy boys from 11
to 14 years of age. The vaccine is recommended to im-
munocompromised patients from nine to 26 years of age
in a 3-dose schedule (0, 2, and 6 months) [31, 32].
Although there is a recommendation for the adminis-
tration of HPV vaccines for AID patients, there is still a
lack of studies in patients with AID to support its safety
and immunogenicity, especially among AID different
from SLE and among the pediatric population [1-9].
The aim of this study was to evaluate the safety and im-
munogenicity of the qHPV vaccine in a multicentre Bra-
zilian prospective study involving JDM female patients.

Methods
This was a multicentre prospective controlled observa-
tional cohort study adapted from the Dutch protocol
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used to study the safety and immunogenicity of the bi-
valent HPV vaccine in children with JIA (68 patients),
childhood SLE (six patients), and JDM (six patients) with
a real-world approach [33, 34].

In the present study, a 3-dose schedule (0, 1 or 2, and
6 months) of the qHPV vaccine (against HPV6, HPV11,
HPV16, HPV18) was used in patients who met the
Bohan and Peter’s criteria for JDM [35], from 9 to 20
years of age, and healthy controls (HC). The doses of the
qHPV vaccine used in the study were received by dona-
tion from the local Special Immunobiological Reference
Centers of NIP.

Participants who were eligible and willing to receive
the qHPV vaccine were enrolled in the study from
March 2014 until March 2016. Moreover, JDM patients
who had already received one or two doses of the qgHPV
vaccine before inclusion in the study were also allowed
to participate, as a care standard to reach three doses,
which is indicated for immunosuppressed patients [31,
32], since this is a real-life study.

Patients were recruited in ten pediatric rheumatology
units from tertiary centres of different Brazilian’s re-
gions. All JDM patients that attended their regular out-
patient visits during the period of the study were invited
to participate, regardless of disease activity or medica-
tion used, to constitute a real-life setting. Only patients
with a new diagnosis were not invited to participate. Age
and sex-matched HC were recruited from patient peer
groups in two Brazilian study sites, composed of healthy
girls who were friends or relatives of the recruited JDM
patients and had a similar socioeconomic level to them.
Study visits were planned before the first dose and 1
month after the second and third doses. JDM patients
performed one more visit 6 months after the third dose.
The protocol under code U1111-1211-2150, was ap-
proved by all the local ethics committees and informed
consent was obtained from each participant and their
guardians.

Main outcome measures

To evaluate the safety of the qHPV vaccine, participants
were asked to complete a diary for 14 days after each dose,
about the occurrence of possible local and/or systemic ad-
verse events following vaccination (AEFV). The local
AEFV addressed included redness, bruising, edema, indur-
ation, and pain. Systemic AEFV included fever, skin ab-
normalities, itchiness, headache, nausea, vomiting, fatigue,
fainting, and muscular and articular pain. In case of a se-
vere AEFV, characterized by the WHO as an event that is
life-threatening, requires in-patient hospitalization or pro-
longation of existing hospitalization, results in persistent
or significant disability/incapacity, requires intervention to
prevent permanent impairment or damage [36], patients
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were advised to go to the tertiary centre immediately to be
evaluated by the investigating physician.

Another outcome considered for the safety evaluation
included the assessment of disease activity in JDM pa-
tients at each study visit, using muscular and cutaneous
parameters. For muscular evaluation the Childhood
Myositis Activity Score (CMAS) and the Manual Muscle
Testing (MMT) were used. The CMAS ranges from 0
(high disease activity) to 52 (no disease activity) [37],
and the MMT ranges from 0 (high disease activity) to 80
(no disease activity) [38]. Disease was considered inactive
when CMAS >48 and MMT > 78 associated with satis-
factory physician global assessment of overall disease ac-
tivity (PhyGloVAS) [39, 40]. Based on these parameters,
JDM patients were initially divided into three groups:
“A” encompassed patients who had inactive disease at
study inclusion, without using any medication; “B”
encompassed patients who had inactive disease at inclu-
sion, however were still using an immunosuppressive
medication to control it; and “C” encompassed patients
who had active disease at inclusion and were using im-
munosuppressive medications. To verify whether disease
activity had changed after vaccination, the CMAS and/or
MMT values were compared between visits, considering
the disease as stable if the scores changed less than 20%;
worsening if the scores decreased at least 20%; and im-
provement when both scores increased at least 20%. The
variation of 20% was chosen based on the validated data-
driven provisional criteria of the Paediatric Rheumatol-
ogy International Trials Organisation (PRINTO) for the
evaluation of response to therapy in JDM [41]. The most
common cutaneous manifestations of JDM (cutaneous
rash, heliotrope of the upper eyelids, and Gottron’s pap-
ules) were evaluated on each visit according to their in-
tensity and compared as follows: improvement, if the
manifestation has subsided; stable, if it remained un-
changed; worsening, if it had aggravated. In order to re-
duce the evaluation bias, the analysis of the patient’s
skin was performed by the same experienced pediatric
rheumatologist on all visits. Comparison of the medica-
tions in use at each visit, which can indirectly quantity
disease activity intensity, was used as an additional par-
ameter, as follows: stable disease, if the medication
remained the same between the visits; improvement, if it
had been withdrawn; worsening, if a new treatment had
been added or if previous treatment doses had been in-
creased. In order to evaluate the changes in the mea-
sured values, considering CMAS and MMT scores,
cutaneous manifestations, and use of medications, ac-
cording to the established criteria already specified, com-
parisons were made between visits.

As good practice in clinical trials, all participants re-
ceived the investigators’ contact details and were guided
to contact the hospital if any symptom occurred during
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the study period, or in case of any doubt regarding the
study protocol. Each participant centre had the auton-
omy to decide whether their patients would continue to
receive the qHPV vaccination in case of disease worsen-
ing or severe AEFV.

For immunogenicity evaluation, blood drawing was per-
formed at each study visit. Serum was collected and frozen
under —70°C in Brazil and subsequently shipped to the
Netherlands for serologic antibody concentration test-
ing using a virus-like particle based multiplex Lumi-
nex assay [33]. Seropositivity for HPV16 and HPV18
was defined as an antibody concentration higher than
9 Luminex Units/ml and 13 Luminex Units/ml,
respectively.

The qualitative variables are presented as absolute
frequencies and percentages, whereas the quantitative
variables are presented as medians and interquartile
ranges (IQR). The Fisher’s exact test was used for
comparisons between two independent qualitative var-
iables using 2 x 2 contingency tables. The chi-squared
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test with Monte Carlo simulation was used for ana-
lysis of all other qualitative variables. The compari-
sons of the quantitative variables between two or
three groups were performed with the Wilcoxon-
Mann-Whitney test and Kruskal-Wallis test, respect-
ively. CMAS at month X was compared with month
Y using the non-parametric Wilcoxon matched pair
test. The binary variables (rash, Gottron’s papules,
and heliotrope) were calculated at baseline and after
the third dose of the vaccine using the McNemar test,
considering two possible outcomes: disease stability or
worsening. Statistical significance was defined as a p value
of <0.05. The statistical analysis were performed using
software R, version 3.6.1.

Results

Forty-seven JDM patients and 41 HC were initially eli-
gible for the study. Four JDM patients and two partici-
pants from the HC group had previously received one
dose of the vaccine. One JDM patient had received two

~N

47 eligible JDM patients

42 received the 1% dose during the study
1 lost to follow-up
1 gave up due to fear of AEFV

40 remained

5 received the 1%t dose before the study

4 joined the study 1 received the 2" dose
for the 2" dose before the study

44 received the 2" dose during the study
1 pregnant
2 |ost to follow-up

41 remained

and joined the study
for the 3" dose

42 received the 3™ dose

41 HC

39 received the 1% dose during the study
3 lost to follow-up

36 remained

2 received the 1%t dose before the study and
joined the study for the 2" dose

38 received the 2" dose
3 lost to follow-up

35 remained

35 received the 3™ dose

Fig. 1 Flow diagram describing gHPV vaccine administration in JDM patients and HC before and during the study. JDM: juvenile
dermatomyositis; AEFV: adverse events following vaccine; HC: healthy controls
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doses. During the study period, five patients did not re-
ceive all three doses of the vaccine: three due to lack of
follow-up, one patient due to fear of AEFV, and the last
patient became pregnant after receiving two doses.
Forty-two JDM patients and 35 HC completed the 3-
dose schedule. The flow diagram describing the adminis-
tration of the qHPV vaccine doses prior to and during
the study is presented in Fig. 1.

Characteristics of the participants at study inclusion
are summarized in Table 1. Median age at diagnosis of
JDM was 7 years. Median age at first dose of qHPV vac-
cine was 16 for JDM patients and 14 for HC. Twelve/47
(25.5%) patients had inactive disease at study inclusion
and were not using any immunosuppressive medication
(JDM group A). Thirty-five/47 (74.5%) JDM patients
used at least one medication for disease control at study
inclusion, divided between 17/47 (36.2%) patients with
inactive disease (JDM group B) and 18/47 (38.3%) with
active disease despite the use of immunosuppressive
medications (JDM group C). Nine/47 (19.1%) JDM pa-
tients and 11/47 (26.8%) HC reported having initiated
sexual activity before their inclusion in the study. Base-
line blood samples were collected from 37 JDM patients
and 39 HC. Baseline samples were not taken from the
participants who had been vaccinated before the study.
At baseline, two/39 (5%) HC were seropositive for
HPV16 and one/39 (3%) for HPV18. Seropositivity at
baseline for JDM patients was 10/37 (27%) for HPV16,
and 9/37 (24%) for HPV18. Of the 13 patients who were
seropositive for HPV 16 and/or HPV18 at baseline, only
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two reported being sexually active at the time of the
study.

Concerning AEFV evaluation, a total of 121 diaries (40
after the first dose, 41 after the second dose, and 40 after
the third dose) from 47 JDM patients were analyzed, as
well as 111 diaries (38 after the first and second doses
and 35 after the third dose) from 41 HC individuals.
Pain was the most common local adverse event reported
for both JDM patients (55%) and HC (60.5%) after the
first dose (p =0.653). After the third dose, despite the
decrease in frequency, local pain remained the most
common local symptom reported by 40% of the JDM
group and 54.3% of the HC (p = 0.252). The frequency of
all other local symptoms was similar between both
groups, except for bruise and edema, which were more
frequent among the HC group after receiving the third
vaccine dose (p =0.019 and p =0.010, respectively).
Headache was the most frequently reported systemic ad-
verse event after all three HPV doses among patients
and HC (p 0.534), followed by fatigue (p =0.263). JDM
patients presented significantly more nausea after the
first dose (p =0.014) and more itchiness after the third
dose (p =0.013) than HC. No severe adverse events were
related to the vaccination. The majority of AEFV lasted
only 1 or 2 days and almost none more than 7 days. The
occurrence of AEFV and related statistical analysis are
described in Table 2.

In total, JDM patients had 42 baseline visits, 42 visits
after the second dose, 40 visits after the third dose, and
26 visits 6 months after the third dose. Table 3 shows

Table 1 Characteristics of JDM patients and HC at study inclusion

JDM (n=47) HC (n=41) p-value®
First gHPV vaccine dose between 9 to 13 years, n (%) 20 (426) 9 (22.0) 0.045
First gHPV vaccine dose between 14 to 20 years, n (%) 27 (574) 32 (78.0) 0.045
First gHPV vaccine dose, median age in years (IQR) 16 (13.0-19.0) 14 (6.5-21.5) 0.001
Diagnosis, median age in years (IQR) 7 (0-14.5) NA NA
1 dose previous to the study, n (%) 4 (8.5) 2 (49) 1.000
2 doses previous to the study, n (%) 1.1 0 (0.0) 1.000
Sexual activity initiation, n (%) 9 (19.1) 11 (26.8) 0.450
Immunossupressive medications use, n (%) 35 (74.5) NA NA
JDM group A?, n (%) [median CMAS] 12 (25.5) [52] NA NA
JDM group B n (%) [median CMAS] 17 (36.2) [52] NA NA
JDM group C?, n (%) [median CMAS] 18 (38.3) [37] NA NA

JDM (n =37) HC (n =39) p-value®
Seropositivity for HPV 16, n (%) 10 (27.0)b 2 (5.1) 0.011
Seropositivity for HPV 18, n (%) 9 (243)° 1(26) 0.006

JDM juvenile dermatomyositis, HC healthy controls, HPV human papillomavirus, gHPV quadrivalent HPV vaccine, NA not applicable, CMAS childhood myositis
activity score, IQR interquartile range

2JDM groups: A = inactive disease without medication; B = inactive disease with medication; C = active disease with medication. Considering active disease: CMAS
<48 or MMT < 78 or unsatisfactory physician global assessment of overall disease activity (PhyGloVAS)

PSix patients were seropositive for both HPV16 and 18, four were seropositive only for HPV16, and three only for HPV18

“Statistical significance was defined as a p-value < 0.05
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Table 2 Ocurrence of AEFV in JDM patients and HC after each gHPV vaccine dose
After the first dose After the second dose  After the third dose Total
JDM HC p- JDM HC p- JDM HC p- JDM HC p-
value® value® value® value®
Vaccinated patients during the 42 39 NA 44 38 NA 42 35 NA 128 112 NA
study, n
Completed diaries after vaccine 40 38 NA 41 38 NA 40 35 NA 121 111 NA
dose, n (%) (95.2) (97.4) (93.2) (100) (95.2) (100) (94.5) (99.1)
Local AEFV, n (%)
Redness 5(125) 4 (105 1.000 249 3(79 0667 0(00) 2(.7) 0214 7 (5.8) 9 (8.1) 0.601
Bruise 000 0(0 1000 14 1(26) 1000 000 5 0019  1(098) 6 (5.4) 0.058
(14.3)
Edema 5(125 5(132) 1000 408 8 0215 125 8 0010 10(83) 21(189) 0021
211 (229
Induration 6 (15.0) 9 (23.7) 039 4098) 4 1.000 4(100) 5 0.726 14 (11.6) 18(16.2) 0346
(105) (14.3)
Pain 22 23 0.653 19 23 0.261 16 19 0.252 57 (47.1) 65 (586) 0.115
(55.0)  (60.5) (463)  (60.5) (4000  (543)
Systemic AEFV, n (%)
Fever 1(25) 0(.0) 1000 1(24) 0(0.0) 1.000 0(.0) 129 0467 2(1.7) 1(0.9) 1.000
New cutaneous abnormalities® 2(50 000 0494 124 000 1000 125 00 1000 433 0 (0.0) 0.052
Itchiness 125 1(26) 1.000 3(73) 1(6) 0616 7(175) 0(0.0) 0013 1109.1) 2(1.8) 0.020
Headache 9 (225 10 0794 10 10 1000 6 (150) 7 0761 25(20.7) 27 (243) 0534
(26.3) (244)  (263) (20.0)
Nausea 9225 1(26) 0014 124) 2((53) 0606 2((50 4 0409 1299 7 (6.3) 0.346
(11.4)
Vomiting 2(.0) 000 0494 000 0(.0 1000 0(.0) 0.0 1.000 2(1.7) 0 (0.0) 0.498
Fatigue 6 (1500 7 (184) 0.767 4098 7 0.338 4(100) 5 0.726 14 (116) 19(17.1) 0263
(184) (14.3)
Fainting 0(00) 0.0 1.000 0(0.0) 0(.0) 1.000 0(0.0) 0(.0 1000 0 (0.0) 0 (0.0) 1.000
Initial or worsened muscular pain~ 2 (500  1(26) 1000 249 126 1000 00 000 1000 433 2(1.8 0685
Initial or worsened articular pain 125 000 1.000 124 00 1000 00 00 1000 2017 0 (0.0) 0499
Severe AEFV, n (%)
WHO definition 0(00 0(0) 1000 000 00 1000 0(©0 000 1000 0(0.0) 0 (0.0 1.000

JDM juvenile dermatomyositis, HC healthy controls, AEFV adverse events following vaccination, gHPV quadrivalent human papillomavirus vaccine, NA Not

applicable, WHO World Health Organization

Patients described new rash on face or on body, that subsided in a maximum of 4 days

BStatistical significance was defined as a p-value < 0.05

the muscular and cutaneous disease activity evaluation
and the medication in use by JDM patients at each study
visit. All JDM patients were evaluated by the CMAS
score, whereas the MMT score was performed only by a
few investigators. Consequently, the CMAS was the
main score for muscular evaluation in this study. The
median of disease activity measured through the CMAS
score for the JDM population was 50 at the first visit,
51.5 at the second visit, and 50 at the third and fourth
visits. The analysis of disease activity among the JDM
groups A, B, and C revealed a median CMAS of 52 for
groups A and B at the four visits, whereas group C pre-
sented a median CMAS of 37, 42, 46, and 43 at the four
visits, respectively. Five patients from group C (27.8%
patients from this group) demonstrated an improvement

greater than 20% in their CMAS (CMAS scores in-
creased 15 to 20 points in these five patients right after
the third dose compared with baseline). The analysis of
disease activity performed 6 months after the end of the
3-dose schedule showed that two of the five patients,
who had significantly improved, presented worsening
scores in comparison with the scores presented immedi-
ately after receiving the third dose. One of these had a
CMAS score of 48 after the third dose. Due to her excel-
lent improvement, one of her medications was sus-
pended (cyclosporin). Unfortunately, at the last visit she
had returned to her baseline score (CMAS 28). The
other patient also scored CMAS 48 after receiving the
third dose, however at the final visit ended with only
two extra points compared to baseline (final CMAS 31).
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Table 3 Muscular and cutaneous activity evaluation and medications in use by JDM patients at each study visit
Study visits? viP V2 V3 V4 vi® V2 v3 V4 vi® V2 v3 V4

JDM groups A+B A+B A+B A+B C C C C Total Total Total Total
(n=27) (n=27) (n=25) (n=20) (n=15) (n=15) (n=15) (n=6) (n=42) (n=42) (n=40) (n=26)

Muscular activity

CMAS, median 52 52 52 52 37 42 46 43 50 51,5 50 50
Cutaneous activity

Rash, n (%) 0(0) 00 000 000 900 7@467) 467 1067 9Q14) 7(167) 4(10) 138

Gottron's papules, n (%) 0(0.0) 0 (0.0) 1(40) 0(00) 12 (80) 9 (60) 960 3(50) 12(286) 9214 1025 3(115)

Heliotropo, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 7(46.7) 4(67) 5(333) 1(167) 7(167) 4(9.5) 525 138
Medications in use

Costicosteroids, n (%)~ 5(188) 5(185) 5(200) 5(250) 15(100) 15(100) 15(100) 6 (100) 20 (47.6) 20 (47.6) 19 11 (423)

Oral Prednisone, 5(185 5(185 5(00) 5250 12(80) 13(86.7) 12(80) 5(83.3) 17(40,5) 18429 16(40) 10 (385)

n (%) [median dose] [15] (5] (10] (5] [20] (1] (1] [10] (15] (1] [10] [6.25]

(

IV Methylprednisolone, 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 5(333) 30 3 (20 1(167) 50119 3(7.0) 3(75 138
n (%)

Hydroxychloroquine, 9(333) 8(296) 8(320) 4(00) 8(533) 10(66.7) 10 4(66.7) 17 (405) 18 (429 18 (45  8(308)
n (%) (66.7)

Methotrexate, n (%) 6(222) 5(188) 6240 4(200 9 (60) 10 (66.7) 9 (60) 3 (50) 15 (35.7) 15(35.7) 15(37.5) 7 (26.9)
Azathioprine, n (%) 5(188) 4(148) 5(200 3(150)0 3(20) 3 (20) 3 (20) 2(333) 8(19 7 (167) 8(20) 5(19.2)

Mycophenolate Mofetil, 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1(6.7) 1(6.7) 2(133) 1(0167) 14 1(24) 2 (5 1(3.8)
n (%)

Cyclosporine, n (%) 311 301 3020 3050 4267 4267 320 000 7067 7067 6(15) 3(11.5)

Cyclophosphamide, 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1(6.7) 1(6.7) 0(00) 00 124 1(24) 0 (0.0) 0 (0.0)
n (%)

Human 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2(133) 2(33) 00 000 248 2 (4.8) 0 (0.0) 0 (0.0)
Immunoglobulin, n (%)
No medication, n (%) 11 (40.7) 13(48.1) 11 (4400 8(400) 0(.0) 0(0) 000 00 11262 13(31) 11275 8(308)

JDM juvenile dermatomyositis, gHPV quadrivalent human papillomavirus vaccine, CMAS childhood myositis activity score, IV intravenous
2V1: baseline visit; V2: visit after the second dose; V3: visit after the third dose; V4: visit 6 months after the third dose
PFive patients who had received doses of the vaccine before the study inclusion were excluded from the analysis of the baseline visit

Table 4 Descriptive comparison of disease activity and medications in use at baseline and after the third gHPV vaccine dose

CMAS (n=40)? Cutaneous manifestations (n = 40)? Medications in use (n=40)*
Rash Gottron’s Heliotrope
papules
Definition n (%) Definition n (%) n (%) n (%) Definition n (%)
Stable with CMAS 248 24 (60.0) Stable without cutaneous lesion 31 (77.5) 27 (67.5) 33 (82.5) Stable without 11 (27.5)
medication
Stable with CMAS <48 11 (27.5) Stable with cutaneous lesion 3(7.5) 9 (22.5) 2 (5.0 Stable with medication 9 (22.5)
CMAS Improvement 5 (12.5)  Improvement of cutaneous 5(125) 3(75) 3(75) Decreased medication 14 (35.0)
lesion
CMAS Worsening 0(00)  Worsening or new-onset of 15 125 2 (5.0) Increased medication 6 (15.0)

cutaneous lesion

CMAS Childhood Myositis Activity Score, gHPV quadrivalent human papillomavirus vaccine
?Data from 40 patients were available for comparison between the baseline visit and the visit after the third vaccine dose
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One patient from group B presented worsening in scores
of greater than 20% in the fourth visit and maintained a
final score lower than her baseline score (CMAS at first,
second, and third visits: 48; CMAS at fourth visit: 32).
This patient had her only medication (cyclosporin) sus-
pended during the study. The changes in CMAS are pre-
sented in Table 4. There was no significant worsening
regarding cutaneous manifestation between the baseline
and after the third vaccine dose (p =0.074 for rash;
p = 0.814 for Gottron’s papules; p = 0.479 for heliotrope).
Twelve/42 (28.6%) patients presented at least one
typical cutaneous manifestation at baseline. Nine/42
(21.4%) had a cutaneous rash, 12/42 (28.6%) had
Gottron’s papules, and seven/42 (16.7%) had heliotrope
of the upper eyelids. Regarding the patients that had
already presented a cutaneous abnormality at baseline,
improvement in the lesion occurred in five/nine (55.5%)
patients with cutaneous rash, three/12 (25%) with Got-
tron’s papules, and three/seven (37.5%) with heliotrope,
after receiving three doses of the vaccine. Worsening oc-
curred in one/nine (11.1%) patients with a rash and two/
seven (28.6%) patients with heliotrope. Only one patient
from group B had new-onset JDM cutaneous manifesta-
tions during the study. The changes in cutaneous mani-
festations are demonstrated in Table 4. There were no
differences regarding cutaneous activity between the
baseline and after receiving the third vaccine dose
(p > 0.050 for all evaluated cutaneous manifestations).
Corticosteroids were the most commonly prescribed
medication, used by 20/42 (47.6) of the JDM patients at
baseline, with a median dose of 15 mg/day. Of the 20 pa-
tients who used corticosteroids, 15 were from group C
(100% of the group) and five from group B (31.3% of the
group). Hydroxychloroquine was the second most com-
monly prescribed medication, used by 17/42 (40.5%) of
the patients at baseline, followed by methotrexate
(35.7%), azathioprine (19%), and cyclosporine (16.7%).
Two patients were using human immunoglobulin (IGIV)
(4.8%). One patient was using mycophenolate mofetil,
and one patient was using cyclophosphamide at baseline
(2.4% each). Regarding the use of cyclophosphamide,
two patients had recently used it before inclusion in the
study (received the last dose 6 and 8 months before in-
clusion). These two patients belonged to group C.
Throughout the study, 27/40 patients (67.5%) main-
tained the same (stable) treatment. No patients from
group A used any medication during the study period.
Six/40 (15%) patients had their immunosuppressive
treatment increased due to disease activity. One patient
from group B started prednisone 15 mg/day after receiv-
ing three vaccine doses, due to cutaneous activity (her
CMAS was 52 throughout the study). This patient’s
prednisone dose was decreased to 5mg/day at the last
visit. Five patients from group C (27.8% of the group)
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had their immunosuppressive medication changed or
had to initiate a new medication during the study, asso-
ciated with an increase in the prednisone dose. However,
these five patients already had active disease before re-
ceiving the initial gHPV dose (CMAS of these five JDM
patients was between 37 and 46 at baseline). In three of
these patients, the prednisone dose was decreased at the
next study visit and one of them had IGIV suspended.
Fourteen/40 (35%) patients had their immunosuppres-
sive treatment decreased during the study. Three pa-
tients from group B and four patients from group C had
one or two immunosuppressive medications withdrawn
(three and four patients, respectively). Among the medi-
cations removed were prednisone (two patients), cyclo-
phosphamide (one patient), and IGIV (one patient). In
addition to these two patients who had prednisone with-
drawn, the prednisone dose of nine more patients was de-
creased during the study. The main changes in the
medications used by the patients are shown in Table 4.
No statistical significance was found between the baseline
and the visit after the third vaccine dose regarding drug
therapy of the JDM patients (p = 1.000).

Thirty-six JDM patients received the first two doses of
qHPYV vaccine and had a blood sample collected after it.
After the second dose, the seropositivity was 94 and 92%
for HPV16 and HPVI1S8, respectively. Two patients
remained seronegative for both HPV types (one from
group B and one from group C), and one patient
remained seronegative for only HPV18 (group C). The
patient from group B was using only methotrexate 25
mg/week. The patient from group C that remained sero-
negative for both HPV types was using prednisone 10
mg/day plus hydroxychloroquine. The patient that
remained seronegative only for HPV18 was under a low
dose of prednisone (7,5 mg/day) associated with hydro-
xychloroquine and azathioprine. The patient that was
using cyclophosphamide during the study and the two
patients who had recently used this medication demon-
strated seropositivity for both HPV serotypes. The com-
parative analysis of the serological response after two
doses of the vaccine did not demonstrate differences
between the JDM groups A, B, and C (p =1.000 for
HPV16 and p = 0.770 for HPV18).

Seropositivity of the 31 JDM patients who completed
the 3-dose schedule and had a blood sample collected
after it was 100% for HPV16 and 97% for HPV18. Only
one JDM patient remained seronegative for HPV18 im-
mediately after receiving all three doses. This was the
same patient who had already remained seronegative
only for HPV18 after receiving two doses (group C).
There were no differences between JDM groups A, B,
and C regarding the comparative analysis of the sero-
logical response after three doses of the vaccine (p = 1.000
for both HPV types).
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Blood samples were available for 17 JDM patients 6
months after the final dose. This analysis showed that
94% of the patients remained seropositive for HPV16
and HPV18. Only one patient, who had presented sero-
positive for HPV16 and 18 during the study, became
seronegative for both HPV types during the following
months. This patient had inactive disease and was only
using cyclosporine during the study period (group B).
Once more, J]DM groups A, B, and C showed similar
serological response to the vaccine (p =1.000 for both
HPV types).

The HC group responded to the vaccination after two
and three doses, with 100% seropositivity for both HPV
serotypes (samples available from 14 HC after two doses,
and from 31 after three doses). No differences were ob-
served in the comparative analysis of the serological re-
sponse to vaccination between JDM patients and HC,
either after two doses (p =1.000 for HPV16 and p =
0.265 for HPV18), or after three doses (p =1.000 for
both HPV types). The serological analysis of JDM
patients and HC is shown in Table 5. Samples were not
collected from the HC group 6 months after the last
dose.

Discussion
This is the largest prospective study addressing safety
and immunogenicity of a qHPV in a pediatric population
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patients were included despite their disease activity and
the use of glucocorticoids and/or immunosuppressive
treatment. Even so, the qHPV vaccine was safe and
immunogenic in this cohort of JDM patients.

The occurrence of AEFV in the 2 weeks following vac-
cination was similar between JDM patients and the HC
group. All AEFV were mild, such as local pain, local
edema and induration, headache, fatigue, or nausea, and
presented spontaneous resolution shortly after the
vaccination. In general, AEFV decreased throughout the
study among both patient and HC groups. No severe
adverse events were related to the vaccination.

The analysis of disease activity showed that the major-
ity of patients remained stable throughout the study
period, independent of their baseline activity. Interest-
ingly, five patients from group C (active disease with im-
munosuppressive  medication) even  significantly
improved during the study period (CMAS increased at
least 20%). Unfortunately, two of these patients returned
to their baseline CMAS 6 months later. Despite the fact
that there were few patients with cutaneous manifesta-
tions in this study, the analysis showed that the majority
of patients remained stable. In addition, a greater num-
ber of patients presented improvement in their lesions
compared to those with worsening lesions during the
study period. Another interesting aspect of this study is
regarding the analysis of the immunosuppressive treat-
ment of the JDM patients. Patients, especially those from

with JDM. This study is in a real life setting, where group C, were using diverse immunosuppressive
Table 5 Seropositivity analysis of JDM patients and HC at each study visit
Baseline visit
JDM A (n =10) JDM B (n =13) JDM C (n =14) p-value JDM Total (n =37)? HC (n =39)? p-value
HPV 16, n (%) 1(10.0) 6 (46.0) 3(21.0 0.142 10 (27.0) 2 (50) 0.012
HPV 18, n (%) 1(10.0) 4(31.0) 4(29.0) 0.571 9 (24.0) 130 0.006
After the second qHPV vaccine dose
JDM A (n =10) JDM B (n=11) JDM C (n =15) p-value JDM Total (n =36)° HC (n =14)¢ p-value
HPV 16, n (%) 10 (100) 10 (91.0) 14 (93.0) 1.000 34 (94.0) 14 (100) 1.000
HPV 18, n (%) 10 (100) 10 (91.0) 13 (87.0) 0.770 33 (92.0) 14 (100) 0.265
After the thrid qHPV vaccine dose
JDM A (n =8) JDM B (n=11) JDM C (n =12) p-value JDM Total (n =31)° HC (n =31)¢ p-value
HPV 16, n (%) 8 (100) 11 (100) 12 (100) - 31 (100) 31 (100) 1.000
HPV 18, n (%) 8 (100) 11 (100) 11 (92.0) 1.000 30 (97.0) 31 (100) 1.000
Six months after the third qHPV vaccine dose
JDM A (n =5) JDM B (n=7) JDM C (n =5) p-value JDM Total (n =17)° HC p-value
HPV 16, n (%) 5 (100) 6 (86.0) 5 (100) 1.000 16 (94.0) NA NA
HPV 18, n (%) 5 (100) 6 (86.0) 5(100) 1.000 16 (94.0) NA NA

JDM juvenile dermatomyositis, HC healthy controls, HPV human papillomavirus, gHPV quadrivalent HPV vaccine, NA not applicable

“Five patients and two HC who had received doses of the vaccine before the study inclusion were excluded from this analysis
PForty-two JDM patients completed the 3-dose vaccination schedule, however blood samples were collected only from 36 patients after the second dose, 31 after

the third dose, and 17 6 months after the third dose

Thirty-five HC completed the 3-dose vaccination schedule; however, blood samples were collected only from 14 HC after the second dose, and 31 after the

third dose
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medications, such as oral and intravenous corticoste-
roids and cyclophosphamide. Throughout the study, the
majority of patients maintained their initial treatment;
six patients needed to have their immunosuppressive
treatment increased, and 14 patients had their medica-
tion withdrawn or decreased.

The combined analysis of mild AEFV (similar to the
HC group) and stable disease activity throughout the
study showed that the 3-dose scheme of qHPV vaccine
was safe in this JDM cohort. Our results are in accord-
ance with other studies that showed no influence of
HPV vaccines regarding AEFV and disease activity in
patients with AID [8, 29, 30, 42—45].

The seropositivity of JDM patients for HPV16 and
HPV18 after the 3-dose schedule was extremely high (al-
most 100%), even among patients who were using im-
munosuppressive therapy. The statistical analysis
showed that there were no differences regarding the
serological response between JDM groups A, B, and C,
as well as between the total JDM cohort and the HC
group. Interestingly, the only patient that remained sero-
negative for HPV18 was not the one with highest im-
munosuppressive treatment (she was using a low dose of
prednisone, associated with hydroxychloroquine and
azathioprine). Patients with a higher level of immuno-
suppression, such as intravenous corticosteroids and
cyclophosphamide presented seropositivity for both se-
rotypes. This result was surprisingly good, as it is gener-
ally accepted that patients using immunosuppressive
drugs, especially at high doses, present a diminished re-
sponse to vaccinations [3, 5, 6]. Our results are in ac-
cordance with other studies addressing HPV
vaccinations in patients with AID [42-45]. In those stud-
ies, HPV-vaccination induced seroconversion in the
large majority of patients. Although this was not a long-
term follow-up study, it was shown that 6 months after
the third qHPV dose the majority of patients from who
blood was collected remained seropositive for HPV16
and18.

This study has some limitations. Although it is the lar-
gest reported cohort of JDM patients and qHPV vaccin-
ation to date, the number of participants in the study
was still low. As JDM is a rare disease, it is extremely
difficult to perform a study with a large number of pa-
tients. We demonstrated that the qHPV vaccine was safe
in our cohort of patients, since we did not observe se-
vere AEFV or disease worsening or flare-up. However, in
order to analyze uncommon AEFV, it would be neces-
sary to evaluate a much larger number of patients to
entirely demonstrate the safety of the vaccine.

Regarding the serological analysis, a consideration has
to be addressed about the high seropositivity rates for
HPV16 and 18 at baseline, in contrast with the low sero-
positivity presented for the HC group. There is no clear
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explanation for this difference. Some hypotheses were
raised, such as the possibility that some JDM patients
did not report sexual activity or a previous HPV vaccin-
ation. Whatever the reason might be, these patients
presented a sustained immunological response, and
remained seropositive until the end of the study.

Another limitation of this study is that some patients
missed their medical appointments and consequently
their disease activity was not evaluated, and their blood
samples were not collected on all visits. The last visit (6
months after the third vaccine dose) was the most
affected. The low adherence to this visit may have im-
paired the final analysis of the study, as we do not know
whether the missing patients presented maintained
stable disease activity, and whether they remained sero-
positive or not. It would be very interesting to analyze
the same cohort of patients some years in the future,
and to study whether the seropositivity remained or not.
It was recently shown that the majority of SLE patients
retained the immunogenicity of the qHPV vaccine after
5 years, although patients who had more SLE flares and
had received higher cumulative doses of certain im-
munosuppressive agents were at risk of sero-reversion of
the anti-HPV antibodies [46]. Currently, there are no
studies regarding this subject in JDM patients.

HPV vaccination was shown to have a safe profile and
adequate immunogenicity in this cohort of JDM pa-
tients. The 3-dose regimen reached very high seroposi-
tivity for HPV16 and HPV18 (similar to the HC group)
without inducing any flare-ups regarding disease activity
or any severe AEFV. Therefore, this schedule should be
recommended in this population with a high risk of de-
veloping oncogenic HPV. Long-term follow-up studies
are still necessary to show the duration of protection
against HPV infections in JDM patients and to assess
the need for booster vaccinations. As there is no infor-
mation in the literature regarding long-term protection
in JDM patients, cervical smears should still be
performed as secondary prevention of cervical
abnormalities.

Conclusion

Although more studies are necessary to draw consistent
conclusions on safety and immunogenicity regarding
AID patients, the HPV vaccination in our cohort of JDM
patients was safe and immunogenic. No severe AEFV
occurred, and disease activity remained stable or even
improved during the study. Since the seropositivity
against HPV16 and HPV18 was very high after the 3-
dose schedule, this regimen should be recommended for
JDM patients.
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