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ABSTRACT
In systemic lupus erythematosus (SLE), flares can be caused by infections. In particular, Streptococcus
pneumoniae infection can be severe or even potentially lethal in absence of previous immunization or
in case of ‘aggressive’ systemic antibiotic therapy. Immunization efficacy, however, can be reduced in
such patients with the use of the various immunosuppressive therapeutic regimens. In particular, the
use of novel monoclonal antibodies against B lymphocytes raises concerns over the potential inter-
ference with antipneumococcal vaccination. Previous studies demonstrated that belimumab therapy
did not significantly reduce the efficacy of antipneumococcal vaccination, when received after the
initiation of belimumab therapy. The study being evaluated in this article investigated the efficacy of
vaccination in relationship to initiation of belimumab therapy in SLE patients.
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1. Methods and results

This was a phase IV open label multicenter study performed in
the USA in two cohorts of SLE patients: one cohort (pre-
belimumab cohort) received pneumococcal vaccine
(Pneumovax 23®) before initiating belimumab therapy,
whereas the second was given the same vaccine at Week 24
of belimumab therapy (belimumab concurrent cohort). The
first cohort received nine doses of belimumab at weeks 4, 6,
8, and subsequently every 4 weeks to week 32. The second
cohort also received nine doses of belimumab at baseline,
weeks 2, 4 and subsequently every 4 weeks to week 28. The
dosage was the same 10 mg/kg via intravenous infusion [1,2].

The primary end point was represented by the proportion
of patients with positive response to anti-pneumococcal vac-
cine at 4 weeks from inoculation. Positive response was
defined with a two-fold increase in antibody titers against at
least one of the 23 serotypes as compared to pre vaccination
levels or a post-vaccination antibody level of at least 0.6 mg/
mL in patients with no pre-vaccination antibody titers.

Secondary end points were represented by the proportion
of patients with positive responses to at least 11 of the 23
serotypes and by the proportion of patients with positive
responses to at least 2, 3, 4, 5, 6, 8, 9, and 10 of the 23
serotypes. The secondary end points were analyzed post-hoc.

The primary end point was also analyzed in various popula-
tion subsets according to the baseline use of antimalarial
drugs (yes, no), baseline use of corticosteroids (>7.5 mg/day
versus ≤7.5 mg/day), baseline use of any other

immunosuppressive drugs (yes, no). The same sub-setting
criteria were applied in another post-hoc analysis performed
in patients with immune response to at least 12 of the 23
serotypes.

Safety end points were represented by immunogenicity (for
belimumab), or by any various clinical or laboratory abnorm-
alities reported after at least 8 weeks of vaccination. They were
monitored prior to the first belimumab infusion in belimumab
concurrent cohort and after vaccination but before the first
belimumab dose in the pre-belimumab cohort. Belimumab-
related safety end point was defined as treatment-emergent
adverse event and was represented by any such effect occur-
ring while on or after the first belimumab dose and not
present before belimumab therapy.

The pre-belimumab cohort amounted to 34 patients
whereas in the belimumab concurrent cohort 45 patients
were included. Completion rate was 87.3%. In the overall
cohort, 91.1% were females, and on combined immunosup-
pressant regimen 32.9% overall, 35.3% in the pre-belimumab
cohort, and 31.1% in belimumab concurrent cohort.

The vaccine response rate at 4 weeks (the primary end
point) was 97% in pre-belimumab cohort and 97.% in belimu-
mab concurrent cohort. Of the two non-responders, one was
in the pre-belimumab cohort and had a lower than normal
pre-inoculation IgG titers, whereas the other was in the beli-
mumab concurrent cohort and had normal baseline IgG titers.
Both patients had a baseline combined regimen consisting of
an antimalarial, corticosteroid, and an immunosuppressant
and received less than 7.5 mg corticosteroid daily.
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The overall response rate to at least 10 serotypes was 85%
and in post-hoc analyses the response rates to at least 12 of
the 23 serotypes were comparable, 81.8% for pre-belimumab
cohort and 78% in belimumab concurrent cohort. Response
rates to at least 16 serotypes were 75.8% and 63.4%,
respectively.

In pre-belimumab cohort, concomitant corticosteroid ther-
apy with a daily dose of more than 7.5 mg/daily was asso-
ciated with better response rate to at least 12 serotypes of the
vaccine compared to patients receiving lower corticosteroid
doses (90.9% versus 77.3%). In belimumab concurrent cohort,
these were however comparable (77.3% versus 78.9%).
Baseline immunosuppressive therapy was associated with
lower response rates in both pre-belimumab and belimumab
concurrent cohort (70.6% versus 93.8% in patients with no
immunosuppressive therapy at baseline, 72.2% versus 82.6%,
respectively).

Baseline IgA, Ig-G, and Ig-M level profiling was performed
in responders versus non-responders to 50% of the serotypes
and these levels were found to be lower on individual Ig basis
in non-responders as compared to responders, although these
levels were not lower than normal.

Safety analysis reported that 91.2% subjects in pre-
belimumab cohort and 86.7% in belimumab concurrent
cohort experienced at least one adverse event over the
study period, arthralgia and nausea being the most frequent.
The proportion of patients with belimumab-related side effect
was 23.5% in pre-belimumab cohort and 8.9% in belimumab-
24 cohort. The proportion of patients with vaccine-related
adverse events was 4.4% in belimumab 24 cohort. No malig-
nancies or death were reported and the proportions of
patients experiencing non-fatal serious adverse events were
11.8% in pre-belimumab cohort and 6.7% in belimumab con-
current cohort. No immunogenicity was reported in either
cohort.

2. Discussion

The prevalence of pneumococcal infection in SLE patients
varies from 20 to 25 in 10,000 SLE patients and has a higher
risk of manifesting as an invasive disease than in healthy
population, the main cause being the therapeutic immuno-
suppression[3]. Furthermore in a Dutch study, the incidence of
invasive pneumococcal infection was found to be 10-fold
higher in SLE patients compared to healthy population [4].
Therefore, antipneumococcal immunization is indicated in SLE
patients in order to mitigate this risk.

This study demonstrates that in SLE patients receiving
belimumab therapy anti-pneumococcal vaccination is safe
and effective, the only factor which would interfere with vac-
cine effectiveness being the use of immunosuppressant ther-
apy prior to immunization. In fact, the majority of patients,
prior of receiving belimumab or after receiving belimumab,
responded in a comparable manner to >1 vaccine serotype.
However, this primary end point does not appear to be the
most appropriate in this setting, as most other studies includ-
ing the response to more serotypes (e.g. 5, 6, 8. or 12)[5–7].
The use of response rate to at least 12 of the 23 serotypes,
which was an end point of efficacy included in the post-hoc

analysis, can be considered the most robust end point of the
whole analysis because it further validates the other findings
of this study.

The differences in vaccine reactivity noted in this study
could have been influenced by the ‘baseline’ immunosup-
pression therapy which was given prior to belimumab. An
unexpected finding was that of the post hoc analysis in pre
belimumab cohort showing a better response rate to most
of the serotypes in patients receiving higher corticosteroid
doses: in concomitant belimumab cohort, vaccine response
in higher corticosteroid dose subset was again lower than in
corresponding pre belimumab cohort (78.9%).

3. Five-year view

One of the main causes of mortality reported in SLE patients is
represented by infections. These can be facilitated by the
impairments in the innate immunity which are the result of
the disease itself and more importantly by immunosuppressors
which are given in order to halt the progression of the disease.
Most of such infections can only be treated once diagnosed but
in some infections such as influenza, and infections with S.
pneumoniae prevention via vaccination can be a more suitable
therapeutic option. However, in such patients, vaccine serocon-
version can be variable and suboptimal and this behavior does
not always have one single cause.

One problem with these SLE patients is that they are
usually receiving immunosuppressor regimens containing vari-
able doses of corticosteroids and these are demonstrated to
reduce the response to such vaccines making this prophylaxis
practically useless. Therefore, in patients on prednisone doses
of at least 20 mg daily vaccination is indicated only prior to
corticosteroid initiation. This approach is supported by the
results of a study demonstrating the significant reduction of
influenza vaccine seroconversion in SLE patients receiving
such doses of corticosteroids [8]. Interestingly antimalarial
compounds such as hydroxychloroquine were associated
with a better vaccine response [8]. In the study discussed by
this article, the proportion of SLE patients on antimalarial
therapy was higher in concomitant belimumab therapy and
a subset analysis on vaccine response in these patients was
not made available.

Another problem is related to vaccine response which in
such patients can also be related the type of vaccine used. In
healthy adults, antipneumococcal polyconjugate vaccine 13
(PCV13) unlike polysaccharide vaccine 23 (PPS23) is able to
elicit initially a T-cell-dependent immune response which sub-
sequently can trigger and maintain adequate protective anti-
body titers as a result of appropriate B-cell activation [7].
Furthermore, in the same category of adults, it has been
observed that when PPSV23 was administered before PCV13,
the immune response induced by PCV13 was reduced, and
therefore, PCV13 should be administered first in patients who
have not been previously vaccinated [6,7]. The same approach
is recommended to be applied in immunocompromised hosts
(patients with SLE belonging to this category) in order to
maximize the protection against S. pneumoniae invasive infec-
tions[9].
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However, in SLE patients receiving belimumab, only the
efficacy of polysaccharide vaccine has so far been analyzed,
and this was done in relation to the type of immunosuppres-
sor medication used: SLE patients receiving concomitant beli-
mumab therapy had antibody titers to this vaccine which were
comparable to those found in healthy controls [10].

In another recent randomized placebo-controlled study per-
formed in SLE patients receiving various concomitant immuo-
suppressors, the efficacy of a polysaccharide vaccine was
compared against a combined sequential approach consisting
of a polyconjugate vaccine (7-valent pneumococcal conjugate
vaccine) followed by polysacharide vaccine. Both vaccine regi-
mens were comparable in terms of 24 week seroconversion rate
to at least 5 of the 7 serotypes shared in common by the two
vaccine types[5].

Given that the main role of this vaccine is to protect against
severe pneumococcal infection, it would be interesting and
useful for clinical practice to evaluate both vaccines given
according to the above-mentioned sequence not only in
terms of immediate seroconversion but also in terms of dura-
tion of maintenance of protective antibody titers. Some of the
most appropriate endpoints to consider in SLE on a long-term
basis would be the incidence of invasive pneumococcal infec-
tions and the mortality rate due to pneumococcal infections.

This study highlights that on the one hand immunosupres-
sor conventional therapy can be more adverse in terms of
interference with protective effects of vaccination than beli-
mumab and on the other hand that there is a need to develop
vaccination schedules which should provide appropriate cov-
erage on long-term basis.
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