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Fig. 1. Serum levels of anti-pneumococcal polysaccharide Abs after PPV injection. Concentrations of IgM (A: n=15) and IgG (B: n=>55) Abs against each serotype of pneu-
mococcal capsular polysaccharide in sera were measured at indicated time points after PPV administration. Data are shown as the geometric mean concentrations and 95%
confidence intervals. GMCs, geometric mean concentrations; Ow, pre-vaccination; 2w, 2 weeks; 4w, 4 weeks; 3 mo, 3 months; 6 mo, 6 months; 1y, 1 year post-vaccination.

vaccination in the responder group, whereas no such significant
increase in IgG concentration was observed in the low respon-
der group, except for serotype 6B [pre-vaccination: 1.33 (95% CI
was within 1.10-1.60) vs. peak: 2.02 (95% Cl was within 1.57-2.59)
(n=9, p<0.05)].

3.3. Alteration in the number of NKT cells in the peripheral blood
after pneumococcal vaccination

We analyzed the number of NKT cells in the peripheral blood
before vaccination and 2 weeks, 4 weeks, 3 months and 6 months
after vaccination in 24 individuals, in whom the surface anti-
gens on lymphocytes could be tested. NKT cells were identified as
the lymphocytes positively stained with a-GalCer-CD1d tetramer
or expressing both CD3 and CD56, and a-GalCer-CD1d tetramer”
lymphocytes were further divided into CD4*CD8~ (CD4* iNKT),
CD4-CD8" (CD8* iNKT) and CD4~CD8~ (double negative: DN iNKT)
subsets. As shown in Fig. 2, iNKT cell subsets did not show signifi-
cant elevation in their cell count at any time point after vaccination,
although increased iNKT cell counts were observed during the first
two weeks in 11 or 12 individuals (data not shown).

3.4. NKT cell counts and serum levels of anti-pneumococcal Ab

In order to address the possible role of NKT cells in the humoral
response to the pneumococcal vaccine, we analyzed the relation-
ship between the degree of change in NKT cell counts during
the first 2 weeks post-vaccination and the degree of change in
serum anti-pneumococcal IgG levels from pre-vaccination to their
peak. As shown in Fig. 3, a significant positive correlation was
detected between increases in DN iNKT cells and increases in
anti-serotype 14 IgG, and there were tendencies toward positive

correlations between changes in CD8" iNKT and DN iNKT cell
counts and increases in anti-serotype 19F IgG levels (p = 0.069 and
0.067, respectively), and between changes in DN iNKT cell counts
and increases in anti-serotype 6B and 23F IgG levels (p=0.062
and 0.082, respectively). By contrast, CD4* iNKT, CD8" iNKT and
CD3*CD56" cells showed neither a positive nor a negative corre-
lation with changes in the serum levels of anti-pneumococcal IgG
in all of the serotypes except for 19F in CD8" iNKT and CD3*CD56"
cells.

Finally, we compared changes in DN iNKT cell counts between
responders and low responders, because these cells showed a ten-
dency toward a positive correlation with Ab responses to PPV. As
shown in Fig. 4, in serotype 19F, the increase in DN iNKT cells
was significantly more marked in responders than in low respon-
ders. This tendency was also observed in serotypes 6B, 14 and 23F,
although it was not statistically significant.

4. Discussion

In the present study, serum levels of anti-pneumococcal IgG
increased after pneumococcal vaccination, peaking in the fourth
week for serotypes 6B, 19F and 23F and in the third month
for serotype 14; in 45-65% of vaccinated subjects, these levels
increased more than two-fold. There were also low responders,
however, producing smaller quantities of anti-pneumococcal Ab;
these constituted 16%, 13%, 13% and 16% of our 55 subjects for
serotypes 6B, 14, 19F and 23F, respectively. Of the low responders,
15 showed a low response to one of the four serotypes examined,
nine showed a low response to two serotypes, and one showed a
low response to three serotypes, indicating that 45% of our 55 sub-
jects were low responders for at least one serotype. Although there
isno standardized definite on of a low responder, our results appear
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Fig. 2. NKT cells in the peripheral blood after PPV injection. Number of NKT cells in the peripheral blood was examined before PPV administration and 2 weeks, 4 weeks, 3
months and 6 months after PPV administration in 24 individuals. NKT cells were identified as the lymphocytes positively stained with a-GalCer-CD1d tetramer or expressing
both CD3 and CD56, and a-GalCer-CD1d tetramer* lymphocytes were further divided into CD4*CD8~ (CD4* iNKT), CD4-CD8* (CD8* iNKT) and CD4~CD8~ (double negative:
DN iNKT) subsets. Data are shown as the geometric means and 95% confidence intervals in each NKT cell subset.

to be in accordance with those of previous investigations, which
indicate that 16-31% of vaccinated subjects are low responders,
whose anti-pneumococcal Ab levels increase less than two-fold for
two among four to seven analyzed serotypes [27-29].

Previous studies have shown NKT cells to be involved inimmune
responses to TI-2 antigens, as a possible source of the secondary
stimulatory signal for B cell activation [25] as well as in protection
against pneumococcal infection [24]. These earlier observations
suggest that NKT cells may play a certain role in the clinical effects
of anti-pneumococcal vaccination. In agreement with this possi-
bility, in the present study, a significant positive correlation was
detected between changes in the number of DN iNKT cells, though
not of CD4* iNKT cells, and increases in Ab levels against serotype
14 antigen. Moreover, the increase in DN iNKT cells was more
marked in responders than in low responders, and this difference
was statistically significant for serotype 19F. However, the positive
correlation between DN iNKT cells and Ab levels and the differ-
encein DN iNKT cells between responders and low responders were
not significantly detected in other serotypes, although there were
such tendencies with lower p values. The increase of study subjects
would help in making these differences statistically significant. In
addition, thereis a possibility that the increase of DN iNKT cell num-
ber in responders may be due to overall immune activation of these
individuals in response to vaccine, rather than selective effect on
NKT cells. This may not apply to our case, because there was no
tendency of difference between low responders and responders in
other NKT cell subsets (data not shown).

CD4" and DN iNKT cells are major subsets in humans, both of
which secrete large amounts of IFN-y upon stimulation [21]. Yet
these subsets differ in their secretion of such Th2 cytokines as IL-
4, IL-5 and IL-13, and in their expression of chemokine receptors,
integrins and NK receptors [21,30-32]. Galli and co-workers have
demonstrated thatiNKT cells promote immunoglobulin production

by B cells, an activity that is more potent in CD4" iNKT cells than
in DN iNKT cells [33]. The same group has also reported that acti-
vated human iNKT cells directly support the proliferation of and
immunoglobulin production by naive and memory B cells. All these
experiments were conducted in vitro, however, and frequent stimu-
lation of iNKT cells during culture has been reported to cause a shift
in their cytokine profile toward a Th2-dominant condition [34],
raising the possibility that cultured NKT cells are not always equiv-
alent to those in circulation in vivo. In the present clinical study of
individuals receiving PPV, the relationship between iNKT cells and
Ab production does not seem to be identical between CD4* and DN
iNKT cells. Taken together, the data suggest that these subsets play
distinct roles in Ab production by B cells after PPV administration.
Further investigation is necessary to define the precise mechanism
by which this occurs.

On the other hand, only a limited subset of NKT cells
expressing NK cell markers, such as CD56 or CD161, is reactive
to a-GalCer-loaded CD1d tetramer [31]. Therefore, CD3*CD56*
NKT cells, described as NKT-like cells, are distinguished from
iNKT cells by certain characteristics, including the differences
in their cytokine production profiles and their TCR of8 chains
[18]. Our results suggest that iNKT cells rather than NKT-like
cells may be particularly involved in IgG production caused
by pneumococcal capsular polysaccharides, because no correla-
tion was observed between CD3*CD56" NKT cell count and Ab
response.

To the best of our knowledge, the current study is the first
report presenting clinical data that suggests a possible relation-
ship between the activation of iNKT cells and Ab responses after
PPV administration. The increase in DN iNKT cell count seems to
be particularly correlated with serotype-specific IgG production,
suggesting a higher contribution from DN iNKT cells than from
other subsets. The population size in this study was limited, and the
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enrolled subjects were aged (74.4 + 6.6 years) and had underlying
diseases that affected their immune condition. In these respects,
there are some limitations in interpreting the results. At present, it
remains to be elucidated how iNKT cells are involved in humoral
immune responses to pneumococcal capsular polysaccharides in
the clinical setting, but further investigations are already under way
in our laboratory to define the precise mechanism underlying the
relationship between iNKT cells and Ab responses.
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ABSTRACT

Objectives We assessed the influence of tocilizumab
(TCZ), a humanised monaclonal anti-interleukin-6 receptor
antibody, on antibody response following influenza
vaccination in patients with rheumatoid arthritis (RA).
Methods A total of 194 RA patients received inactive
trivalent influenza vaccination (A/HIN1, A/H3N2 and B/B1
strains). All patients were classified into the TCZ (n=62),
TCZ+methotrexate (MTX) (n=49), MTX {(n=65)} and RA
control (n=18) groups. Antibody titres were measured
before and 4-6 weeks after vaccination using the
haemagglutination inhibitory assay.

Results For the A/HINT and A/H3N2 strains, the TCZ and
TCZ+MTX groups achieved fold increases of 9.9-14.5,
postvaccination seroprotection rates greater than 70% and
seroresponse rates greater than 40%. For the B/B1 strain,
seroresponse rates were approximately 30%, but fold
increases and seroprotection rates were 5.0~5.4 and
greater than 70%, respectively, in these treatment groups.
MTX had a negative impact on vaccination efficacy, but
adequate responses for protection were nevertheless
demonstrated in the MTX group. Neither severe adverse
effects nor RA flares were observed.

Conclusions TCZ does not hamper antibody response to
influenza vaccine in RA patients. Influenza vaccination is
considered effective in protecting RA patients receiving TCZ
therapy with or without MTX.

INTRODUCTION
Influenza vaccination is the most effective method
for preventing influenza virus infection and its
potentially severe complications. Patients with
rheumatoid arthritis (RA) are at an increased risk for
infectious diseases due to the nature of RA and its
treatment with immunosuppressive agents;1 there-
fore, this patient population is a potential candidate
for influenza vaccination. Treatment with antitu-
mour necrosis factor o (anti-TNFo) agents may
impair antibody response to influenza vaccination in
patients with RA and other rheumatic diseases, but
the response is large enough to warrant influenza
vaccination for such patients.”™®

Tocilizumab (TCZ), a humanised monoclonal
interleukin-6 (IL-6) receptor antibody, is effective in
the treatment of patients with moderate to severe
RAwho have shown inadequate responses to metho-
trexate (MTX) and one or more anti-TNFo, agents.’
Our concern is the impact of TCZ on protective
antibody response to influenza vaccination because

IL-6 was originally identified as a factor that plays an
essential role in terminal differentiation of B cells
into antibody producing plasma cells.'” Data regard-
ing the efficacy and safety of influenza vaccination
are lacking in RA patients receiving TCZ. Only one
attempt at evaluating the efficacy of influenza
vaccine has so far been made in a small number of
paediatric patients receiving TCZ therapy for sys-
temic onset juvenile idiopathic arthritis.*

To address this issue, we determined antibody
response to trivalent inactivated influenza vaccine
in RA patients being treated with TCZ, MTX or
both agents, and compared parameters for efficacy
of vaccination among these groups.

METHODS

Patients

RA patients aged 18 or older who had been receiv-
ing TCZ (an intravenous infusion of 8 mg/kg every
4 weeks) for at least 4 weeks and/or MTX (6-18 mg
per week) for 12 weeks or more at our rheumatol-
ogy outpatient clinics were invited to participate in
this open-label study. RA patients who had been
receiving bucillamine or salazosulphapyridine were
also included as RA controls. All participants ful-
filled the 1987 American College of Rheumatology
criteria for diagnosis of RA. Exclusion criteria were
current use of 10 mg/day or more of prednisolone,
current use of tacrolimus or leflunomide, a recent
history (within 3 months) of influenza infection,
and a recent history (within 6 months) of influenza
vaccination.

Vaccine

We used commercially available inactivated trivalent
influenza vaccine (Biken HA, Mitsubishi Tanabe
Pharm Corporation, Osaka, Japan) containing 30 pg
of purified haemagglutinin of each of the following:
A/California/7/2009 (HIN1)-like strain (A/HIN1
strain), A/Victoria/210/2009 (H3N2)-like strain (A/
H3N2 strain) and B/Brisbane/60/2008-like strain (B/
B1 strain). Patients received a single dose of vaccine
(0.5 ml) subcutaneously from October 2011 until
January 2012. For RA patients receiving TCZ, the
vaccination was done on the same day as TCZ
infusion.

HI tests
Sera were collected immediately before and
4-6 weeks after vaccination. For the detection of

Ann Rheum Dis 2012;71:2006-2010. doi:10.1136/annrheumdis-2012-201950
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influenza antibodies, haemagglutination inhibition (HI) tests
were performed in duplicate at SRL (Tachikawa, Tokyo,
Japan), according to WHO standard procedure using haem-
agglutinin antigens representing all three strains that were
included in the vaccine. Geometric mean titres (GMTs) of
HI antibodies before and after vaccination, and fold increases
relative to prevaccination titres (geometric means of postvac-
cination to prevaccination antibody titre ratios) were deter-
mined. GMTs were calculated from log-transformed values
of HI antibody titres. For statistical analysis, a titre of 5 was
arbitrarily assigned to sera with undetectable titres of <10.
Seroprotection was defined as antibody titres of >40.
Seroconversion was defined as postvaccination antibody
titres of >40 in patients whose prevaccination titres were
<10. Seroresponse was defined as seroconversion or fold
increases in antibody titres of >4 in patients whose prevacci-
nation titres were >10.

Monitoring adverse effects and disease activity

Systemic adverse events and worsening of RA occurring 4-
6 weeks after vaccination were recorded. Systemic adverse
effects included fever, tiredness, sweating, myalgia, chills, head-
ache, arthralgia, diarthoea and common cold-like symptoms.
RA activity was monitored using a disease activity score for 28
joints and a clinical disease activity index.

Statistical analysis

In univariate analyses for categorical variables, differences
between treatment groups were analysed using the x* test or
Fisher’s exact probability test. Continuous variables were
assessed by the Mann-Whitney U test for comparisons of non-

parametric data between the two treatment groups, and
analysis of variance with post hoc Tukey’s honestly significant
difference test for comparisons of parametric data between the
four treatment groups. A paired-sample t test was used to
compare differences in GMTs between prevaccination and
postvaccination.

For all tests, probability values (p values) <0.05 were consid-
ered to indicate statistical significance. All calculations were
performed using Excel Statistical Analysis 2008 (SSRI Co,,
Tokyo, Japan) or PASW Statistics V.18 (SPSS Japan Inc., Tokyo,

Japan).

RESULTS

Clinical and demographic characteristics of participants

A total of 194 RA patients were classified into four groups
according to their ongoing anti-RA therapy. One group of
62 patients was treated with TCZ as a monotherapy
(TCZ group); 65 patients were treated with MTX alone (MTX
group); 49 patients received a combination therapy consisting
of TCZ and MTX (TCZ+MTX group); and 18 patients
received bucillamine or salazosulphapyridine monotherapy (RA
contro] group). Clinical and demographic characteristics are
shown in table 1.

Antibody titres

After vaccination, GMTs for all strains were increased signifi-
cantly. Regarding the A/H3N2 strain, a significantly higher
post-GMT was obtained in the TCZ group compared with that
in the MTX group (p=0.009) (table 2). The TCZ group also
showed a higher post-GMT for the B/B1 strain than did the
MTX group and the RA control group (p=0.044 and p=0.031,

Table 1 Clinical and demographic characteristics of RA patients prior to influenza vaccination
MTX group TCZ+MTX group TCZ group RA control p Values between treatment
{n=65) (n=49) (n=62) (n=18) groups

Male/female 11/54 5/44 11/51 3/15 NS

Age, years, mean {35% Cl) 67 (65.0 to 68.9) 62.9 (59.8 to 65.9) 65.2 (61.6 t0 68.8) 67.3(62.3t072.4) NS

Prior influenza vaccination, number of patients 47 (72.3) 36 {73.5) 50 (80.6) 12 (66.7) NS

(%)

RA duration, years, mean (95% Cl) 9.81{7.71t0 11.9) 7.5 (5.8 t0 9.2) 146 (11510 17.7) 11.1 {4810 17.4) 0.029{MvsT)
0.001 (T/Mvs T)

MTX dose, mg/week, median (25th, 75th 8 (6, 8) 8 (6, 8) - - NS

percentiles)

MTX duration, months, median (25th, 75th 58 (17, 78) 54 (29, 89) - - NS

percentiles)

TCZ duration, weeks, median (25th, 75th - 68 (24, 104) 64 (21, 107) - NS

percentiles)

Use of prednisolone, number of patients (%) 13 (20) 12 (24.5) 22 (35.5) 1 (5.6) 0.016 (T vs C)

Prednisolone dose, mg/day, mean {95% CI) 0.87 (0.4 to 1.34)  0.90 (0.33 to 1.47) 1.02 (0.54 to 1.49) - NS

Positive RE number of patients (%) 38 (58.5) 42 (85.7) 46 (74.2) 7 (38.9) 0.002 (M vs T/M)
0.0001 (T/M vs C)
0.005 (T vs C)

Positive anti-CCP Abs, number of patients (%) 46 (70.8) 43 (87.8) 56 (90.3) 6 (33.3) 0.030 (M vs T/M)
0.006 (M vs T)
0.004 (M vs C)
<0.0001 (T/M vs C)
<0.0001 (T vs C)

CDAI (25th, 75th percentiles) 5.3 (3.7-7.8) 6.2 (4.5-7.8) 9.5 (7.9-11.1) 8.2 {4.8-11.5) 0.001 (M vs T)
0.027 (T/Mvs T)

Lymphocytes, /ul, mean (95% Cl) 1368 (1237 to 1395 {1255 to 1535) 1622 {1500 to 1478 (1098 to 0.038 (M vs T)

1500)

1744)

1857)

Data were obtained immediately before influenza vaccination. Prior influenza vaccination represents that administered last season (2010/2011). p Values between treatment

groups were determined by the Mann-Whitney U test, post hoc ANOVA using Tukey's HSD test, the % test or Fisher's exact probability test.

ANOVA, analysis of variance; anti-CCP Abs, anti-cyclic citrullinated peptide antibodies; C, RA control group; CDAI, clinical disease activity index; HSD, honestly significant
difference; M, MTX group; MTX, methotrexate; NS, not significant; RA, rheumatoid arthritis; RF, rheumatoid factor; T, TCZ group; T/M, TCZ+MTX group; TCZ, tocilizumab.
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Table 2 GMTs and fold increases of HI antibodies for three influenza strains in the RA treatment groups prior to and after influenza vaccination

MTX group {(n=65)

TCZ+MTX group (n=49)

TCZ group (n=62)

RA control group (n=18)

p Values between
treatment groups

GMTs
AHIN
Before 31.7 (16.1-47.2) 59.5 (19.9-99.1)
After 120.5 (75.3-165.6)* 162.1 (86-238.2)**
A/H3N2
Before 37.9 (15.5-60.4) 42.6 (25.2-59.9)
After 120.2 (80.2-160.2)* 140.7 {82~199.4)***
B/B1
Before 45.5 (30.2-60.7) 43.2 {29.8-56.5)
After 103.1 (74.9-131.3)* 105.1 {69.4-140.8)*

Fold increase

AHIN1 12.6 (5.8-19.5) 14.5 (7.2-21.9)
A/M3N2 9.6 (5-14.2) 9.9 (5.2-14.6)
B/B1 3.5 (2.5-4.4) 5.4 (2.4-8.3)

62.0 (25.4-125.4)
211.7 {142-281.4)*

55.2 (31.8-78.7)
237.8 (169.1-306.5)*

72.1 (53.3-90.9)
161.8 (123.8-144)*

12.0 {9.8-17.7)
12.0 (6.6-17.3)
5.0 {3.3-5.7)

15.3 (8.3-22.3)
169.4 (11.5-327.4)*

36.9 (11.9-62.0)
93.9 (54.1-133.6)**

23.9 (12.2-35.6)
68.9 (45.7-92.1)*

11.2 (3.0-19.4)
5.3 {2.7-8.0)
5.8 {3.1-8.4)

NS
NS

NS
0.009 (Mvs T)

0.017 (Tvs C)

0.044 (Mvs T)
0.031 (Tvs C)

NS
NS
NS

Data are expressed as the mean (95% Cls). Differences between prevaccination and postvaccination GMTs were assessed using the paired-sample t test. Comparisons between

the four treatment groups were performed by post hoc ANOVA using Tukey's HSD test.

*p<0.0001, **p=0.009 and ***p=0.001 based on comparisons with prevaccination titres.
ANOVA, analysis of variance; C, RA control group; GMT, geometric mean titre; Hl, haemagglutination inhibition; HSD, honestly significant difference; M, MTX group; MTX,
methotrexate; NS, not significant; RA, rheumatoid arthritis; T, TCZ group; TCZ, tocilizumab.

respectively). Fold increases in GMTs for the three strains were
>3.5-fold in all treatment groups. These groups achieved
similar levels of fold increases for each strain and there were no
statistically significant differences.

Seroprotection, seroresponse and seroconversion rates

After vaccination, seroprotection rates for the three influenza
strains were increased significantly in all treatment groups
(figure 1A). The TCZ and TCZ+MTX groups achieved postvac-
cination protection rates of >70% for all the influenza strains.
Regarding the A/H3N2 and B/B1 strains, postvaccination sero-
protection rates were significantly higher in the TCZ group
compared with those in the other three treatment groups (for
A/H3N2, p<0.0005 vs MTX, p=0.001 vs TCZ + MTX p=0.006
vs RA control; for B/B1, p=0.007 vs MTX, p=0.023 vs TCZ
+MTX, p=0.007 vs RA control). Seroprotection rates for the A/
H1NT strain were similar among all the groups tested.

For the A/HIN1 and A/H3N2 strains, seroresponse rates
were >40% in the MTX, TCZ and TCZ+MTX groups, while
the rates for the B/B1 strain in these groups wete approxi-
mately 30% (figure 1B). The seroresponse rate for the A/H3N2
strain was significantly higher in the TCZ group compared
with that in the MTX group (p=0.04). Seroconversion rates for
the three influenza strains were greater than 40% in all treat-
ment groups (figure 1C). The TCZ group showed a signifi-
cantly higher seroconversion rate for the A/H3N2 strain than
did the MTX group (p=0.032).

Predictive factors for seroresponse to influenza vaccination

In multivariate logistic regression analysis, TCZ use was not
identified as the predictive factor for seroresponse to influenza
vaccination (see online supplementary table S1). For the A/
H3BN2 strain, the negative association of current MTX use with
seroresponse was confirmed (p=0.04). Prior influenza vaccin-
ation was negatively associated with seroresponse for all the
three strains (for A/HIN1, p=0.006; for A/H3N2, p=0.01; for
B/B1, p<0.0001). This may have reflected ceiling effects; that
is, higher prevaccination protection rates may, at least in part,
have influenced the observed seroresponse rates.

2008

Vaccination safety

Neither systemic adverse effects nor exacerbation of RA was
experienced by any patients during a follow-up period of 4-
6 weeks after vaccination.

DISCUSSION

Antibody response to the A/HIN1 and A/H3N2 strains in the
TCZ and TCZ+MTX groups met all three requirements of the
European Medicines Agency (EMA) guidance for assessment of
influenza vaccines specified by the Committee for Proprietary
Medical Products (CPMP).*? For the B/B1 strain, these treat-
ment groups met two of the EMA/CPMP criteria. The MTX
group fulfilled two of the EMA/CPMP criteria for all strains.
Multivariate logistic analysis confirmed that TCZ use is not a
predictive factor for inadequate antibody response for any
influenza strain.

IL-6 works as a B cell differentiation factor, which induces
activated B cells to produce immunoglobulin.'® The blockage of
IL-6 activity following TCZ therapy, therefore, would be
expected to reduce humoral immune response to influenza vac-
cination. Kopf er a/*® indicated that T cell-dependent antibody
response against virus infection is impaired in IL-6-deficient
mice. Unlike anti-infliximab or antiadalimumab antibodies,
anti-TCZ antibodies rarely developed in RA patients receiving
8 mg/kg of TCZ, even as monotherapy.'* ' Nevertheless, the
present study has clearly indicated that RA patients receiving
TCZ therapy can be effectively and safely immunised with
influenza vaccine. One possible explanation may be that, unlike
rituximab, TCZ is not a B cell-targeting antibody that can
induce B cell depletion. Given that a variety of cytokines are
released from activated helper T cells, antibody production may
not depend simply on IL-6. Costelloe et a/*® showed that IL-6 is
not required for antigen (influenza virus)-specific antibody
responses by non-fractionated tonsillar mononuclear cells or by
T cell-depleted B cells in the presence of IL-2. Another explan-
ation may be that IL-6 signalling is not inhibited completely in
Iymphoid tissue, locations in which vaccination-mediated
immune response is initiated, even when maximum saturation
of soluble IL-6 receptors in the circulation is achieved with
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Figure 1  (A) Seroprotection rates for three influenza strains in the RA

treatment groups prior to and after influenza vaccination. Horizontal bars
represent levels of prevaccination protection rates for each influenza strain.
*p==0.006 (TCZ vs Cont), p<0.0005 (TCZ vs MTX) and p=0.001 (TCZ vs
TCZ+MTX). **p=0.007 (TCZ vs Cont, TCZ vs MTX) and p=0.023 (TCZ vs
TCZ+MTX). (B) Seroresponse rates for three influenza strains in the RA
treatment groups. *p=0.04 (TCZ vs MTX). **p=0.0009 {Cont vs MTX),
p=0.002 (Cont vs TCZ) and p=0.022 (Cont vs TCZ+MTX). (C)
Seroconversion rates for three influenza strains in the RA treatment
groups. Seroconversion rates are expressed as percentages of patients
with seroconversion out of seronegative patients before vaccination
(antibody titres <10). *p=0.032 (TCZ vs MTX). **p=0.003 (Cont vs MTX)
and p=0.002 (Cont vs TCZ+MTX). Data were compared using the x* test
or Fisher's exact probability test. Cont, RA control group; MTX,
methotrexate group; RA, rheumatoid arthritis; TCZ, tocilizumab group; TCZ
+MTX, combination therapy group.

TCZ. Uchiyama et al*’ reported that anti-TCZ antibodies are
induced in monkeys receiving 30 mg/kg of TCZ weekly, sug-
gesting that IL-6 does not play a crucial role in antibody
production.

Most previous studies have shown that the use of MTX is
unlikely to affect antibody response to influenza vaccine.>™ 7 '8
However, Gabay et al/’® have indicated that MTX significantly
reduced responsiveness to AS03-adjuvanted pandemic HIN1
2009 (A/H1N1/2009) vaccine in patients with rheumatic dis-
eases. The mechanism by which MTX impairs antibody
response following vaccination is unknown, but several studies
have proposed that MTX prevents proliferation of T cells and
induces apoptosis in these cells.?’

Ann Rheum Dis 2012;71:2006~2010. doi:10.1136/annrheumdis-2012-201950

In conclusion, despite TCZ therapy, the immunogenicity of
influenza vaccination appears to be conserved and sufficient in
RA patients. MTX had a negative impact on vaccination effi-
cacy, but adequate immune responses for protection were
achieved by RA patients in the MTX and MTX+TCZ groups.
Neither severe adverse effects nor RA flares were observed fol-
lowing vaccination. RA patients, even those receiving TCZ as
monotherapy or in a combination therapy with MTX, should
therefore be encouraged to receive influenza vaccination.
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ABSTRACT

Objectives We assessed the impact of tocilizumab
(TCZ), a humanised monoclonal anti-interleukin-6
receptor antibody, on antibody response following
administration of the 23-valent pneumococcal
polysaccharide vaccine (PPV23).

Methods A total of 190 patients with rheumatoid
arthritis (RA) received PPV23. Patients were classified
into TCZ (n=50), TCZ + methotrexate (MTX) (n=54),
MTX (n=62) and RA control (n=24) groups. We
measured serotype-specific IgG concentrations of
pneumococcal serotypes 6B and 23F using ELISA and
functional antibody activity using a multiplexed
opsonophagoaytic killing assay, reported as the
opsonisation indices (Ols), before and 4—6 weeks after
vaccination. Positive antibody response was defined as a
2-fold or more increase in the IgG concentration or as a
>10-fold or more increase in the OI.

Results IgG concentrations and Ols were significantly
increased in all treatment groups in response to
vaccination. The TCZ group antibody response rates were
comparable with those of the RA control group for each
serotype. MTX had a negative impact on vaccine
efficacy. Multivariate logistic analysis confirmed that TCZ
is not associated with an inadequate antibody response
to either serotype. No severe adverse effect was
observed in any treatment group.

Conclusions TCZ does not impair PPV23
immunogenicity in RA patients, whereas antibody
responses may be reduced when TCZ is used as a
combination therapy with MTX.

To cite: Mori S, Ueki Y,
Akeda Y, et al. Ann Rheum
Dis Published Online First:
[please include Day Month
Year] doi:10.1136/
annrheumdis-2012-202658

INTRODUCTION
Streptococcus prnewmoniae (pneumococcus) infection
is responsible for substantial mortality and morbidity
among adults aged >65 years or those with under-
lying chronic or immunosuppressive conditions. The
CDC Advisory Committee on Immunization Practice
has recommended the use of the 23-valent pneumo-
coccal polysaccharide vaccine (PPV23) for prevention
of invasive pneumococcal disease in at-risk popula-
tions.! Patients with rheumatoid arthritis (RA) are at
an increased risk of contracting infectious diseases
because of immunological changes that are intrinsic
to RA and that result from immunosuppressive
agents, and thus it is likely that pneumococcal vaccin-
ation can benefit this patient population.

Tocilizumab (TCZ), a humanised monoclonal anti-
body against the interleukin-6 (IL-6) receptor, is
effective and generally well tolerated when

administered either as monotherapy or in combin-
ation with methotrexate (MTX) in patients with mod-
erate to severe RA. IL-6 was originally identified as a
factor essential for B cell differentiation into antibody-
producing plasma cells,” and IL-6-deficient mice had
reduced antigen-specific IgG following immunisation
with a Tcell-dependent antigen.” PPV23 induces
serotype-specific IgG in a T-cell-independent polysac-
charide antigen pathway, which can enhance pneumo-
coccal opsonisation, phagocytosis and killing by
phagocytic cells.* PPV23 immunogenicity is often
impaired in certain groups of immunocompromised
patients,’ but evidence of PPV23 efficacy and safety is
lacking in RA patients receiving TCZ.

The objective of the present study was to evalu-
ate the influence of TCZ therapy on antibody
response to PPV23 in RA patients. We determined
the serum concentrations of serotype-specific IgG
using ELISAs and the functional antibody activity
using multiplexed opsonophagocytic killing assays
(OPAs) in RA patients being treated with TCZ,
MTX or TCZ and MTX, and in control RA
patients who received neither drug.

METHODS

Patients

RA patients who were receiving TCZ therapy (at
least the first dose of an intravenous infusion of
8 mg/kg every 4 weeks) and/or MTX (4-18 mg per
week) for >12 weeks at our rheumatology out-
patient clinics were invited to participate in this
open-label study. RA patients who had been treated
with bucillamine or salazosulfapyridine were also
included as RA controls. All participants fulfilled the
1987 American College of Rheumatology criteria
for RA diagnosis. Exclusion criteria were current
prednisolone use (>10 mg/day), current use of
immunosuppressive antirheumatic drugs other than
MTX (such as tacrolimus, cyclosporine, lefluno-
mide, cyclophosphamide and azathioprine), a recent
history (within 6 months) of pneumococcal infec-
tion and a history of pneumococcal vaccination.
Patients who had changed treatments during the
follow-up period or those who had received bio-
logical agents other than TCZ were also excluded
from this study.

Vaccine

We used commercially available PPV23 (Pneumovax
NEB Merck Sharp & Dohme Corp., Tokyo, Japan)
containing 25 pg each of 23 capsular polysaccharide
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types. From October 2011 to March 2012, each patient received
a single dose of vaccine (0.5 ml) subcutaneously in the upper
arm. For RA patients receiving TCZ, the vaccination was per-
formed on the same day as the TCZ infusion.

ELISAs for serotype-specific igG and multiplexed OPAs

Sera were collected immediately before and 4-6 weeks after vac-
cination and stored at —30°C until tested. To measure serotype-
specific IgG concentrations and functional antibody activity
against pneumococcus serotypes 6B and 23F, we performed
ELISAs and multiplexed OPAs, respectively. For detailed proto-
cols, see online supplementary text.

Antibody response

Fold increases relative to pre-vaccination values (post-
vaccination value to pre-vaccination value ratios) were deter-
mined. Positive antibody response was defined as a 2-fold or
more increase in IgG concentrations or as a 10-fold or more
increase in opsonisation indices (OlIs).>

Monitoring adverse effects

Adverse events that occurred during a follow-up period of 4-
6 weeks after vaccination were recorded. Systemic adverse
effects included fever, headache, myalgia, asthenia and fatigue.
Local adverse events included pain/tenderness, swelling/indur-
ation and erythema at the injection sites.

Statistical analysis

To access the PPV23 immunogenicity in patients in each treat-
ment group, IgG concentrations and Ols before and after vac-
cination were transformed into logarithmic values. IgG
geometric mean concentrations (GMCs) and geometric mean
OIs (GM-OIs) were calculated as the exponential of an arith-
metic mean of log-transformed values. For details regarding stat-
istical analysis, see online supplementary text.

Table 1 Clinical and demographic fchéfactéristits 'of RA;;’iétEénts‘ pricr to pheum()coctai,'va‘ccinatiori :

RESULTS

Clinical and demographic characteristics

A total of 190 RA patients were divided into four groups
according to their ongoing anti-RA therapy. There was one
group of 50 patients treated with TCZ as monotherapy (TCZ
group), 62 patients treated with MTX alone (MTX group), 54
patients who received a combination therapy consisting of TCZ
and MTX (TCZ+MTX group) and 24 patients who did not
receive either drug (RA control group). Prior to participating in
this study, no patients had received a pneumococcal vaccination.
Patients’ clinical and demographic characteristics are shown in
table 1.

Serotype-specific lgG concentrations

After vaccination, serotype-specific IgG GMCs to pneumococcal
serotypes 6B and 23F in all four groups were increased signifi-
cantly (p<0.0005; table 2). For serotype 6B, a significantly
higher post-GMC was obtained in the TCZ group compared
with that in the TCZ+MTX group (p=0.004). The TCZ group
also showed a significantly greater fold increase than did the
TCZ+MTX group (p=0.036). For serotype 23E the TCZ
group also showed a significantly higher post-GMC than did the
MTX group (p=0.027). Increases were twofold or more in all
treatment groups, and there were no statistically significant
differences.

Opsonophagocytic killing assays

After vaccination, GM-OIs for the 6B and the 23F serotypes
were increased significantly in all four groups (p<0.0005; table
2). For serotype 6B, the post-vaccination GM-OI was signifi-
cantly higher in the TCZ group compared with that in the
MTX group (p=0.001). The TCZ group also showed a signifi-
cantly higher post-vaccination GM-OI for serotype 23F com-
pared with the MTX group (p=0.001) or with the TCZ+MTX
group (p=0.042). For either serotype, there were no significant
differences in fold increases among the four treatment groups.
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 Table 2 Concentrations of pneumococca] polysaccharide antxgen serotype-specific I9G antlbod:es and opsomsatlon indices i in the RA treatment

- groups hefore and after 23-valent pneumococcal po ysacchande vaccination

p Values between treatment groups

Serotype . MTX group (n=62) TCZ+MTX group (n=54) ~TCZ group (n=50) RA control group (n=24)
196G GMCs (ug/ml) :
e S o ; - ; o
Before 12(1.0t01.5) 11(091013) 13(1.01017) 11(081016) . NS G
After 220170 2.7)% 17(131023)" 612610497 25 (1.5 10 4.4)* 0004 (TMvsT)
~ Fold increase 15(11103.0) 16(1.2101.9) 2.8 (1410 4.4) 18(13103.7) 0.036,(T/M vs T)
BF . ¢ ﬁ o S .
Before 1.0(081012) 0.9(0.7t01.2) 13010t 1.7) 1.0(06t015) NS
 After 24181033  25(1.81035)* 46 (3.4t06.4) 36181057 0027 (MvsT)
. Foldincrease - 2.6 (1410 4.1) 29(1.0106.9) 3.4 (1510 6.8) 35 (1.7105.6) NS
- GM-0Is S o
Before 18.8 (18.7 0. 32.1) 245 (14710420 438 (22410856}  20.70 (7.0t0 61.0) NS
After 1156 (64.1 10 206.4)* ~ 232.8 (124.0 10 437.0)*  692.3 (265.1 10 1366)* 2624 (74410 916.0) 0001 (MvsT)
Foldincease  45(110125)  68(1710355)  12(35t0624) 85 (zzm 52.0). NS ;
23F ; , ‘ : ‘
Before 101(6610153)  155(103 10 236) 279 (152 0 51.4) 176050020 0.018 M s T)
After . 72239310 133.0)*  124.0 (622 to 244.7)* 437.0 (2214 10 862.6)* ~ 2192 (823 to 578.2)* 0.001 (M vs-T)
- : - ; g : : S 0.042 (MITvs T)
Fold increase 7.0 (2.7 t0'15.8) 5.0 (110 40) 1882710 75.1) 1.0 (3.1 1030.6) NS .

1gG GMCs and GM-Ols are expressed as the mean (95% CI). Fold increases are expressed as the median (IQR). Differences between pre- and post-vaccination GMCs of serotype- -specific
IgG and those between pre- and post-vaccination GM-Ols were assessed using a paired-sample t test. The four treatment groups were compared usmg ANOVA (ana!ysxs of variance).
with a Tukey's HSD (honestly significant difference) post hoc test or the Kruskal-Wallis test with a Scheffe post hoc test. -

*p<0.0005 compared with pre-vaccination lgG GMCs or GM-Ols.

GMC; geometric mean concentration; GM-OI, geometric mean opsonisation index; M, MTX group; MTX, methotrexate NS not sugmficant RA; rheumatmd arthritis; T, TCZ groupi TIM

TCZ+MTX group; TCZ, tocilizumab.

There was a moderate correlation between IgG concentrations
and Ols for the 6B and the 23F serotypes (serotype 6B:
r=0.623, p<0.0005; serotype 23F: r=0.601, p<0.0005).

Antibody response rates (percentages of patients with
positive antibody response)

The TCZ group antibody response rates were comparable with
those of the RA control group for serotypes 6B and 23F
(figure 1).

For the IgG concentration specific to serotype 6B, the anti-
body response rate was significantly higher in the TCZ group
(56%) compared with that in the MTX group (37%) and the
TCZ+MTX group (24%, p=0.046 and p=0.0009, respectively;
figure 1A). For serotype 23F, there was no significant difference
in the antibody response rate among the four treatment groups
(Control: 67%; MTX: 57%; TCZ+MTX: 56%; TCZ: 72%).
The percentage of patients with positive antibody response for
both strains were significantly greater in the TCZ group (46%)
compared with the TCZ+MTX group (20%, p=0.005) and the
RA control group (21%, p=0.044).

For Ols specific to serotype 6B, the TCZ group showed a sig-
nificantly higher antibody response rate than did the MTX group
(56% vs 34%, p=0.019; figure 1B). For serotype 23F, the anti-
body response rates were significantly higher in the TCZ group
(58%) compared with those in the MTX group (37%, p=0.027)
and the TCZ4+MTX group (35%, p=0.020). For both strains, a
higher proportion of patients in the TCZ group responded to
pneumococcal vaccination compared with the patients being
treated with MTX alone (34% vs 16%, p=0.028).

Predictive factors for antibody response to PPV23
In a multivariate logistic regression analysis, TCZ use was not
identified as the predictive factor for antibody response to

pneumococcal vaccination for either IgG concentrations or Ols.
The negative association of current MTX use with antibody
response was confirmed for IgG concentrations specific to sero-
types 6B and 23F (for serotype 6B: OR 0.45, 95% CI 0.25 to
0.82, p=0.009; for serotype 23F: OR 0.56, 95% CI 0.31 to
1.04, p=0.007) and OlIs for serotype 23F (OR 0.54, 95% CI
0.29 to 0.99, p=0.046).

Vaccination safety

Two patients in the TCZ+MTX group had a fever. Local
adverse events were observed in 12 patients (2 in the MTX
group, 7 in the TCZ4+MTX group and 3 in the TCZ group).
All adverse effects were mild.

DISCUSSION

Following immunisation with PPV23, IgG concentrations and
Ols for the 6B and the 23F serotypes were significantly
increased in all treatment groups. Antibody response rates in the
TCZ group were comparable with those of the RA control
group for each serotype. Ongoing use of MTX is likely to have
affected the antibody response to PPV23.

Results of the present study indicate that TCZ does not dimin-
ish T-cell-independent antibody production after PPV23 immun-
isation. In addition, we recently reported that RA patients
receiving TCZ can produce an adequate antibody response to
influenza vaccine, which are T-cell-dependent protein antigens.®
These findings suggest that both T-cell-dependent and
T-cell-independent antibody response pathways are conserved in
RA patients who are treated with TCZ. There is an increasing
awareness of lethal synergism between influenza virus and
pneumococcus; influenza virus contributes to secondary
pneumococcal pneumonia and can subsequently increase mortal-
ity.” ® In addition, a large-scale trial suggested that a significant
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Figure T (A) Percentages of patients with twofold or more increases

in serotype-specific IgG concentrations for serotypes 68 and 23F in the
rheumatoid arthritis (RA) treatment groups. *p=0.046 (TCZ vs MTX)
and p=0.0009 (TCZ vs TCZ+MTX). **p=0.005 (TCZ vs TCZ+MTX) and
p=0.044 (TCZ vs Cont). (B) Percentages of patients with 10-fold or
more increases in Ols for serotypes 6B and 23F in the RA treatment
groups. *p=0.019 (TCZ vs MTX). **p=0.027 (TCZ vs MTX) and
p=0.020 (TCZ vs TCZ+MTX). ***p=0.028 (TCZ vs MTX). Data were
compared using the 2 test or Fisher’s exact probability test. Ols,
opsonisation indices; Cont, RA control group; MTX, methotrexate
group; TCZ, tocilizumab group; TCZ+MTX, combination therapy group.

proportion of viral pneumonia, including influenza, is attribut-
able to bacterial co-infection and that this co-infection may be
preventable by bacterial vaccination.” Immunisation with both
influenza and pneumococcal vaccines may, therefore, provide
additive benefits for RA patients compared with a single vaccin-
ation, even if they are receiving TCZ therapy.

Previous studies have shown that MTX therapy reduced the
antibody response to PPV23,'%* which is in agreement with the
data obtained in the present study. Although T-cell-dependent
protein antigens may be more immunogenic than polysaccharide
antigens in immunocompromised patients,’* MTX was also
reported to be a strong predictive factor for an impaired antibody
response to protein-conjugate pneumococcal vaccine.'® Offering
PPV23 vaccination before introduction of MTX therapy may be
considered in RA patients."* '° In contrast, a study by Elkayam
et al’” did not demonstrate a detrimental effect of immunosup-
pressive drugs such as MTX on PPV23 immunogenicity in RA
patients. Coulson ez al'® have also suggested that a single PPV23
administration offers up to 10 years of protection against the
development of pneumococcal pneumonia in RA patients receiv-
ing MTX therapy. Determining serotype-specific IgG concentra-
tions after PPV23 vaccination in patients receiving MTX therapy
is recommended. '

In the present study, no patients were receiving high doses of
prednisolone or antitheumatic agents with immunosuppressive
effects other than MTX. In addition, there were no differences
in the prednisolone dose among the four treatment groups, and
the median dose of prednisolone was zero among all groups.
The number of prednisolone users was significantly lower in the
RA control group; however, there were no significant differences
or trends in antibody response to each serotype compared with
the other three groups. We can, therefore, say that the influence
of such agents on PPV23-induced antibody response was
minimal in the present study.

One limitation of this study is the relatively small number of
patients in each group and the RA control group in particular.
Since most RA patients had already received one or more immuno-
suppressive antitheumatic drugs, as recommended by the current
therapeutic guidelines, it was difficult to recruit a sufficient
number of patients who had never received such drugs. Another
limitation is that we determined antibody response to only two
pneumococcal serotypes. We chose serotypes 6B and 23F because
these are the main causative serotypes of pneumococcal pneumo-
nia in Japan and these are representative penicillin-resistant
pneumococci.’’ However, the immune response to PPV23 may
not be consistent among the 23 serotypes. Lastly, unlike influenza
vaccines, antibody levels that are protective against invasive
pneumococcal disease in adults have not been clearly defined. We
used a 2-fold increase in the IgG concentration or a 10-fold
increase in the Ol as a measure of positive antibody response to
PPV23 in this study, which was also used in previous studies;®
however, how this threshold may best correlate with protection
against invasive pneumococcal disease remains to be determined.

In conclusion, ongoing TCZ therapy does not preclude
pneumococcal polysaccharide vaccination in RA patients;
however, antibody responses may be reduced when TCZ is admi-
nistered in combination with MTX.
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