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Abstract

Background: Streptococcus pneumoniae infection causes morbidity and mortal-
ity in multiple myeloma patients. Pneumococcal vaccination is commonly given to
immunocompromised myeloma patients; however response data are sparse. Here,
we present longitudinal response data to pneumococcal vaccination in multiple my-
eloma patients.

Method: Twenty-eight multiple myeloma patients were included, 25 of whom
were newly diagnosed. All the patients received two vaccines Prevnarl3® and
Pneumo23®. Serotype-specific IgG was measured by ELISA for all 23 vaccine sero-
types at baseline, and then sequentially at different time points postvaccination until
treatment ended. Response to vaccination is available for 20 patients. The primary
endpoint was the incidence rate of patients who obtained an isotype response serum
concentration after vaccination. Secondary endpoints included detailed isotype in-
crease, time to first increase, further assessment of a decreased anti-pneumococcal
serum concentrations following treatment including autologous stem cell transplan-
tation (ASCT), rate of infection with a special attention to pneumococcal infection.
Results: The median age was 66 years and the male to female ratio was 0.6. Anti-
pneumococcal capsular polysaccharide (anti-PCP23) IgG, IgG2, IgA, and IgM
responses were detected within 1 week postvaccination. Response to at least one sub-
type of antibody was obtained in 85% (n = 17) of patients, for at least two subtypes
in 65% (n = 13), for at least three subtypes in 55% (n = 11), and 2 patients responded
to all four subtypes. The median increase in the concentration of anti-PCP23 iso-
types was threefold following vaccination, with the highest increase observed when
Pneumo23® was given more than 30 days after Prevnar13®. The anti-pneumococ-
cal geometric mean concentration decreased significantly for all subtypes over time

independently of treatment approaches.
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1 | INTRODUCTION

Infections are a leading cause of morbidity and early mortal-
ity in multiple myeloma (MM) patients,l'3 often character-
ized with severe hypogammaglobulinemia, This is, in part,
due to the increase in tumor plasma cells infiltrating the bone
marrow and decrease in the percentage of normal gamma-
globulin producing plasma.“’5 Infections are a leading cause
of morbidity and early mortality, with an estimated 50% of
early deaths due to infection.’

Streptococcus pneumoniae is a common pathogen colonizing
the upper respiratory tract that causes substantial morbidity and
mortality from noninvasive diseases, such as otitis media and si-
nusitis, and invasive diseases, including pneumonia, septicemia,
and meningitis.1 Pneumococcal infection is likely to be among
the most severe infections that MM patients might encounter,
although not the most frequent.Z’6 Indeed, pneumonia and septi-
cemia are the most common serious diseases resulting from 66%
and 23% of pneumococcal infections in myeloma, respectively.2

The risk of infections decreases in MM patients respond-
ing to treatment,””® but increases again, when disease progres-
sion or relapse occurs.” Current guidelines for individuals
undergoing stem cell transplant recommend the use of pneu-
mococcal vaccination and penicillin A prophylaxis to prevent
pneumococcal infection” and whether these treatments are
beneficial to MM patients is currently unclear.

The two pneumococcal vaccines available for adults
are the 13-valent conjugated vaccine (Prevnarl3®) and
the 23-valent polysaccharide vaccine (Pneumo23®; PPV).
Prevnar® contains extracts from 13 serotypes conjugated to
a protein carrier, whereas PPV contains extracts from 23 se-
rotypes in their native polysaccharide structure. The former
elicits a T-cell-dependent immune response and is more im-
munogenic, as it is more effective in producing memory B
cells. This response may be boosted further by subsequent
vaccination with PPV.'" In immunocompromised patients,
pneumococcal vaccinations are given as a prime-boost (PB)
schedule: Prevnar13® followed by Pneumo23® 8 weeks or
more apart.lo However, there are no data available for MM
patients to support such a strategy, or report the level of activ-
ity of antibodies post-pneumococcal vaccination.
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Conclusion: Myeloma has the ability to demonstrate a response to pneumococcal
vaccine, independently of preexisting hypogammaglobulinemia and possibly of treat-
ment-induced immunodepression. We also observed a drop in the serum response
overtime and following autologous transplantation. Further studies in larger sample

are needed to understand the benefit of vaccination strategies in these patients.

ELISA test, multiple myeloma, pneumococcal vaccination, prime boost, serological response

In this study, we investigated the longitudinal responses
to pneumococcal vaccinations for four serotypes (IgG,
IgG2, IgA and IgM) after vaccination according to the PB
schedule in MM patients and correlate it with infection type
and rate.

2 | MATERIAL AND METHODS

2.1 | Study objectives

The primary endpoint was the incidence rate of patients ca-
pable of obtaining an isotype response serum concentration
after vaccination with two vaccines, according to Rose et al''
and Parker et al.'? Secondary endpoints included detailed iso-
type increase, time to first increase, further assessment of a
decreased anti-pneumococcal serum concentrations follow-
ing treatment including autologous stem cell transplantation
(ASCT), rate of infection with a special attention to pneumo-
coccal infection.

We collected data on patients, myeloma, treatments, and
adverse events of infectious type, with particular attention
to pneumococcal infections. This study was conducted in
accordance with “good clinical practice” and all applica-
ble regulatory requirements, including the 2008 version of
the Declaration of Helsinki. The study was approved by the
human research committee of Lille.

22 |

Twenty-eight patients diagnosed with rnyeloma13 were pro-
spectively enrolled in this study from the hematology depart-
ment of Lille, France. The median age was 66 years (range
44-78) and the male to female ratio was 0.64. All patients,
except one, presented with hypogammaglobulinemia during
diagnosis (after exclusion of the M-component); of whom, 21
(75%) had severe hypogammaglobulinemia < 4g/L. One pa-
tient (4%) presented with pneumococcal infection (pneumonia
and septicemia) during diagnosis of myeloma. Fourteen pa-
tients had international staging system (ISS) score 1; 5 score
2; and 4 score 314; according to the revised ISS,15 3 patients
had score 1; 13 score 2; and 3 score 3 (Table S1). Twenty-five

Study population
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patients were newly diagnosed with MM, while two patients
were studied at first relapse and one at second relapse. The
induction regimens at the time of study entry contained sys-
tematically a proteasome inhibitor-triplet-based (n = 28);
among them, 10 patients underwent ASCT (Table S2).
Dexamethasone was given weekly at 40 mg oral route during
induction and 12 patients with serious desease at the diagnosis
had received 4 doses prior to induction as a block of 160mg.

2.3 | Pneumococcal vaccination

All MM patients were vaccinated intramuscularly in the
deltoid region with the two vaccines, Prevnar13® (Lederle
Laboratories, Pearl River, NY, USA) and Pneumo23®
(Pasteur Merieux MSD, Brussels, Belgium), according to the
PB schedule, with Prevnar13® followed by Pneumo23®.'°
Patients were allowed to receive cycles of induction chemo-
therapy in between the two vaccinations in order to receive
the myeloma treatment.

Prevnar13® contains extracts of the following pneumo-
coccal serotypes: 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A,
19F, and 23F conjugated to Diphtheria CRM197 Protein.
Pneumo23® contains extracts of the following unconjugated
serotypes 1, 2, 3,4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14,
15B, 17F, 18C, 19F, 19A, 20, 22F, 23F, and 33F.

24 |

Vaccination was given by a primary care physician with an
average time of 30 days between the two injections and a
wide variation (0-119 days). The first sample was collected
at the time of inclusion of the patient in the study before any
vaccination and then sequentially at day 1 of each cycle of
treatment (Figure 1A). The median time between the last vac-
cination and the first sample was 21 days (range 3-91). The
median time between pre- and postvaccination time point
was 60.5 days (range 15-202).

For this study, we separated patients according to the time
from Prevnar13® to Pneumo23®; group 1 if the Pneumo23®
(P23) occurs less than 30 days after the Prevnar13® (P13)
and group 2 if the P23 occurs more than 30 days after P13.

Patient vaccination

2.5 | Collection and ELISA test

Blood samples were drawn prior to vaccination and any
treatment for all the patients, and then were sequentially col-
lected at day 1 of each further cycle with an average of 6.14
sample per patient. These samples were centrifuged at 800 g
for 10 minutes and the sera obtained were stored in aliquots
frozen at —80°C until testing. The response to vaccination
was obtained using the VaccZyme™ pneumococcal capsu-
lar polysaccharide (PCP) IgG, IgG2, IgA, and IgM ELISAs
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FIGURE 1 A, Longitudinal diagram of the vaccination schedule and the sample collect points. Each treatment cycle varied from 21 to

35 days depending of the age of the patient. D represent the day on the cycle and C the cycle number. B, Serum longitudinal profile of all patients.

A slightly increase in all subtypes after P13 and a major increase after the P23, all immunoglobulin subtypes concentration decreased after ASCT.

The last time point only concerns the eight patients whose Ig levels have been tested after ASCT. C, Anti-pneumococcal serum concentrations
of IgG, 1gG2, IgM, and IgA for 20 patients before and after vaccination by P13 and P23. The blue bar represents the threshold antibody level

correlated with a protection from invasive disease
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for 23 serotypes (anti-PCP23) (Binding Site Group Ltd,
Birmingham, UK).

Anti-PCP23 IgG, IgG2, IgM, and IgA were tested in 20
patients who fulfilled the inclusion criteria. Eight patients
were not interpretable because of the absence of sampling
before the vaccination or an early death before the second
vaccination.

2.6 | Statistical analysis

The vaccine response was studied according to IMWG
myeloma response criteria.'® We regrouped the patients
into two response categories: very good partial response
(VGPR) and complete response (CR) altogether as great
responders; and partial response (PR) and lower (sta-
ble disease [SD] and progressive disease [PD]) as lesser
responders.

We used the IBM SPPSS statistic 23 software for statis-
tical analysis. The increase in specific antibody concentra-
tions (anti-PCP23 IgG, 1gG2, IgA, and IgM) was analyzed
using the Wilcoxon matched pairs test for the 20 patients be-
fore and after vaccination. The increase in specific antibody
concentrations (anti-PCP23 IgG, IgG2, IgA, and IgM) was
analyzed by the Wilcoxon matched pairs test for the 20 pa-
tients before and after vaccination according to the response
to treatment. Comparison between good responders (CR or
VGPR) and lesser responders (PR, SD, or PD) was analyzed

TABLE 1
postvaccination following two vaccines
Time to
Vaccine groups vaccination IgG (mg/L)
P23 less than 30 days after P13 Pre
Median 16.50
Min 3.92
Max 62.26
Post
Median 81.89
Min 3.76
Max 270
P 0.007
P23 more than 30 days after Pre
P13 Median 13.26
Min 4.19
Max 154.38
Post
Median 61.43
Min 17.01
Max 270

P 0.013
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by calculating the Ig-fold for each patient and comparison
between the two groups by the Mann-Whitney Wilcoxon
test. The decrease in specific antibody concentrations was
analyzed by the Wilcoxon matched pairs test in 8 patients
with MM before and after ASCT and in 15 patients after
vaccination and several months later. Comparison between
these two groups was analyzed by calculating the Ig-fold
for each patient and comparison between the two groups by
the Mann-Whitney Wilcoxon test. To determine responders
and nonresponders, immunoglobulin subtypes concentra-
tions were compared to published isotype-specific antibody
concentration.'"'?

3 | RESULTS

31 |

Among the 28 patients included and receiving the vacci-
nations, anti-PCP23 data were available for 20 patients.
Overall, anti-pneumococcal serum concentrations of IgG,
IgG2, IgM, and IgA increased by 5.1-, 5.9- 1.5-, and 3.8-
fold following anti-pneumococcal vaccination, respectively
(Table 1 and Figure 1B). Eight-five percent (n = 17) of the
patients obtained significant antibody concentration for at
least one subtype, 65% (n = 13) for at least two subtypes,
55% (n = 11) for at least three and 2 patients responded
to all four subtypes. Twelve patients (60%) had significant

Vaccine response

Geometric mean concentration of anti-PCP IgG, 1gG2, IgA, and IgM in 20 patients with multiple myeloma pre- and

IgG2 (mg/L) IgA (U/mL) IgM (U/mL)
7.52 7.32 7.81
2.11 0.48 2.23
39.05 107.2 115.04
42.74 50.56 28.85
2 0.58 8.93
90 270 270
0.013 0.037 0.009
5.82 3.57 17.18
1.30 1.08 2.73
66.37 100.64 88.51
31.72 16.98 16.11
8.47 0.35 10.44
90 177.81 270
0.017 0.028 0.575
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IgG antibody concentration, 15 patients (75%) had 1gG2,
12 patients (60%) had IgM, and 5 patients (25%) had IgA.
The threshold antibody level correlated with a protection
from invasive disease is available in Rose et al'' for IgG
and IgG2 and Parker et al'? for IgA and IgM: 51.5 pg/mL
IgG, 19.5 pg/mL IgG2, 150 Ul/mL IgA, and 20 U/mL IgM,
respectively.

The anti-pneumococcal serum concentration statistically
increased for IgG, IgG2, and IgA, but not for IgM after PB
vaccination (Table 1). This data shows that anti-pneumococ-
cal antibodies were detectable within 1 week after vaccina-
tion for the majority of patients (Figure 1B).

The anti-pneumococcal serum concentration statistically
increased for IgG, IgG2, and IgA, but not for IgM in the
group 2, although it was statistically different for all four iso-
types in the group 1 (Table 1).

3.2 | Degree of disease control and
pneumococcal vaccine response rate

Among the 20 patients included in this study, 5 reached CR,
7 VGPR, 4 PR, 3 SD, and 1 had PD. Our data showed that
pneumococcal vaccine responses occurred independently of
the degree of disease control, and thus did not correlate with
the depth of response rate (Table 2).

3.3 | Memory B lymphocyte
immune response

We identified an increase in total IgG after the second vac-
cine dose illustrating the constitution of memory B lympho-
cytes following the first injection supporting the interest of
this schedule (Figure 1B).

3.4 | Loss of pneumococcal immunization
with time

We compared anti-pneumococcal IgG, IgG2, IgM, and IgA iso-
types serum concentrations on a sequential manner. Most pa-
tients had samples collected prior to and sequentially after the
pneumococcal vaccination; but for eight patients, samples were
collected prior to, after the pneumococcal vaccination, and
after the ASCT. Of note, the later eight patients got vaccinated
with a median of 168.5 days (46-233) from completion of PPV
vaccination to ASCT. The median time between the prior and
post-ASCT serum samples was 278 days (range 154-439) and
was 115 days (68-306) post-ASCT. Results are summarized in
Table 3. Interestingly, the anti-pneumococcal geometric mean
concentration decreased significantly for all subtypes over time
independently of treatment approaches, although significantly
more for patients that had ASCT on IgG and IgG2 (Table 3).

TABLE 2  Geometric mean concentration of anti-PCP IgG, 1gG2, IgA, and IgM in 20 patients with multiple myeloma according to the

disease control

Time to
Vaccine group vaccination IgG (mg/L)
RC or VGPR (n = 12) Pre
Median 13.26
Min 4.14
Max 57.65
Post
Median 50.82
Min 3.76
Max 270
P 0.006
RP, SD, or PD (n = 8) Pre
Median 20.73
Min 5.86
Max 154.38
Post
Median 117.06
Min 17.01
Max 270
P 0.017

RCor VGPR vs RP, SD. or PD P 0.34

IgG2 (mg/L) IgA (U/mL) IgM (U/mL)
5.86 7.15 11.2
1.3 0.48 3.42
28.42 107.2 35.06
23.94 35.09 22.97
2 0.58 8.93
90 270 270
0.012 0.028 0.05
9.05 2.51 31.53
3.27 0.97 2.23
66.37 100.64 115.04
44.66 12.26 25.01
8.47 0.35 10.42
90 162.41 270
0.017 0.017 0.327
0.73 0.85 1
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TABLE 3 Geometric mean
concentration of anti-PCP IgG, 1gG2,

IgA, and IgM in 8 patients with multiple ASCT
myeloma pre- and post-autologous stem Pre
cell transplantation and in 15 patients after Post

vaccination and several months later
Fold decrease

P
No ASCT

Postvaccination

Late postvaccination

Fold decrease
P

ASCT vs no ASCT
P

The serum concentrations decreased by 7.9-fold for IgG,
9.8-fold for 1gG2, 7.7-fold for IgM, and 1.3-fold for IgA for
patients who underwent ASCT (Figure 1B). Only two of
them (25%) had one Ig subtypes with a level correlated with
a protection from invasive disease, and only one (12.5%) for
IgG. Six patients (75%) did not had any protective antibody
level among the four subtypes.

Comparatively, we also observed a decrease in the anti-
pneumococcal geometric mean concentration for patients
without ASCT in all subtypes, 2.8-fold for IgG, 2.9-fold for
IgG2, 4.1-fold for IgM, and 7.9-fold for IgA, with a median
follow-up time of 224 days (28-502). Among these patients,
60% had one Ig subtypes with a level correlated with a pro-
tection from invasive disease, only 20% for two subtypes, 7%
for three subtypes, and only 26% for IgG.

3.5 | Infections

Severe infection was observed in five (18%) patients, of whom
two who died. No patient was presented with S. pneumoniae in-
fection during the follow-up neither identified on hemocultures,
sputum culture, lumbar puncture, nor by urinary antigen assay.

4 | DISCUSSION

Pneumococcal infection is a leading cause of morbidity and
early mortality in patients with myeloma.' A poor antibody
vaccine response has been shown to be associated with an
increased risk of septicemia in immunocompromised pa-
tients,”’18
and effective way to decrease morbidity and mortality for
these patients. However, myeloma is associated with se-
vere hypogammaglobulinemia, and one could therefore an-
ticipate impaired response to pneumococcal vaccinations.
Interestingly, a primary care physician and/or hematologist

although an effective vaccination is a simple
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IeG (mg/L)  IgG2(mg/L) IgA (U/mL)  IgM (U/mL)
110.5 52.74 26.32 28.8

14 7.8 2.97 3.7

7.9 6.8 12.9 7.7

0.008 0.008 0.008 0.008

95.47 48.76 32.77 34.57

34.34 17.10 4.13 8.48

2.8 2.9 7.9 4.1

0.001 0.002 0.04 6.10 e-5
0.03 0.03 0.27 0.64

routinely perform pneumococcal vaccine on the basis that
myeloma patients are immunocompromised, but without
data to support this supportive care approach. In this study,
we sought to study the response to pneumococcal vaccination
in MM patients, initially at diagnosis, overtime, and also to
monitor the variations across treatment approaches.

We observed a significant increase in the geometric mean
concentration of anti-PCP IgG, 1gG2, IgM, and IgA post-
pneumococcal vaccination in 20 MM patients, 80% of them
obtained a protective antibody titer for at least one subtype
including 60% for IgG, showing the ability of MM patients
to respond after a pneumococcal vaccination. A part of this
increase could also be explained from reduced immune sup-
pression due to MM during treatment-induced remission.
However, a value over the threshold for one subtype does not
necessarily prove an effective protection against any pneu-
mococci, of which more than 90 serotypes have been iden-
tified so far.'”?" The assessment of multi-isotypes enable
complete identification of a deficient antibody response. The
ability to quantitate IgG1 and IgG2 subclasses is informative
in understanding and evaluating the immune response(s) to
PCP conjugate and nonconjugate vaccines. Adults have pre-
existing serotype-specific IgG2 antibody, due to prior natu-
ral exposure to pneumococci, IgG1 and IgG2 responses may
follow pneumococcal vaccine immunization for this popu-
lation.?! After vaccination with both a protein-based and a
polysaccharidic vaccine, an antibody production responding
to protein antigens is observed (IgG1 and IgG3 mainly) as-
sociate with an Ab production responding to polysaccharidic
antigens (mainly IgG2) illustrated by the Figure 1C. The
production of PCP IgM is pivotal for the protection against
pneumococcal disease and has been shown to be defective
in Common variable immunodeficiency (CVID).* IgA and
IgM are mainly used to evaluate the infectious risk for pa-
tients with immunologic deficit or receiving IVIG (no patient
in the studied received intravenous immunoglobulin (IVIG)
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during the follow-up). CVID patients with PCP IgA and IgM
concentrations above 150 and 20 U/mL, respectively, have
been shown to have a lower risk of developing pneumonia
and bronchiectasis than those with either a PCP IgM con-
centration < 20 U/mL only or those with both concentrations
below both the above cut-offs.*

We have also observed a significant decrease in most
patients overtime for all anti-PCP median serum levels sub-
types, and particularly after ASCT. This data tends to con-
firm that MM can respond to vaccination at diagnosis and
relapse, but tend to lose this response overtime, especially if
further immunocompromised with a myeloablative treatment
approach.

As a comparison, P23 vaccination on patient without
chronic disease® report a trend of progressively decline of
the postvaccination antibody level, similar to findings with
other vaccines. However, in most of the studies, antibodies
persisted for 3 or more years above the initial level or the
level of unvaccinated adults.

Few studies have studied myeloma response to the vaccine
with of 23-valent PPV, and showed that 33-40% responded
to the vaccine with a low level of response as levels of anti-
pneumococcal antibodies were 15-fold higher in the controls
than in the MM group.”’m’25 Interestingly, we found a much
greater rate of response with the combination of the two vac-
cines, Prevnar13® and Pneumo 23®, independently of the
vaccination schema.

No pneumococcal infection was observed in our study
after inclusion probably due to the number of patients in-
cluded and limited longitudinal follow-up (median of
224 days), especially in the ASCT group.

One patient presented with a pneumonia and further septi-
cemia with S. pneumoniae was diagnosed for myeloma. This
patient had not been vaccinated yet at time of this event as it
was prior to MM diagnosis. This patient was then recruited
into our study, was vaccinated, responded (increased for all
subtypes by 1.3-fold for IgG, 1.0-fold for IgG2, 1.6-fold for
IgM, and 6.2-fold for IgA) and never suffered any recurrence
of S. pneumoniae infection since then. Although severe in-
fection (septicemia) was reported in four other patients (after
pneumococcal vaccination) with two co-infections across
treatment phases, none were of pneumococcal type. Indeed,
one patient presented with Staphylococcus haemolyticus and
Enterococcus faecalis, another with Streptococcus oralis,
Bacteroides fragilis, and Proteus mirabilis, and two other
with Klebsiella pneumoniae and Streptococcus salivarius.
Four patients died during the follow-up, two of them from
infectious events. None of these germs is encapsulated.

The increased risk of infections is a well-known and
largely reported complication event of myeloma either at
diagnosis or during the MM history course of the disease.
Surprisingly, infection prophylaxis with vaccination, immu-
noglobulins, and antibiotics remains poorly investigated. One

would recommend to vaccinate the patients against pneumo-
coccus and to study the vaccine response, at least in order
to protect the patients from occurrence of this likely severe
infection; and also in order to stop antibioprophylaxis that has
become common practice in many centers worldwide. Some
questions remain: (a) this antibioprophylaxis could likely be
recommended at time of the ASCT where we have demon-
strated a significant drop in immune coverage protection. (b)
One may hypothesize that the use of antibioprophylaxis (phe-
noxymethylpenicillin) plus pneumococcal vaccination may
optimally help MM to prevent for S. pneumoniae infection.
In our study, we have not initially planned to longitudinally
study the vaccine response beyond ASCT, and therefore can-
not anticipate whether or not the patients had spontaneously
corrected the vaccine response serum titers drop or if a sec-
ond vaccination would be recommended. A study with and
without antibioprophylaxis in patients undergoing vaccina-
tion might help to optimize the patient’s supportive care re-
garding pneumococcal prophylaxis treatment approach.

There are now reliable tests to study and verify the vaccine
response to pneumococcal vaccine in MM, but we believe
the VaccZyme™ test used herein might be more appropriate
given the current test objectives, for example, demonstrating
the response to vaccine in MM patients. We have observed a
rise in anti-pneumococcal, across all Ig subtypes after vac-
cination, that improved the ability of MM to present with
vaccine response. There was decrease in overtime and partic-
ularly a drop after ASCT, validating the test as able to demon-
strate variation across treatments. This drop is in part due to
the impact of the treatment especially ASCT but it could par-
tially be explained by spontaneous decrease over the time as
observed for all vaccines and majored by a more severe my-
eloma related immunosuppression in relapsing patients.

Interestingly, the anti-PCP decrease was far more pro-
nounced with 1gG2, IgM, and IgA subtypes rather than IgG.
We believe this data demonstrates that the conjugated vac-
cine use with high affinity elicited a T-cell-dependent re-
sponse, a class-switched IgG1 and 3, and a memory response
upon subsequent exposure to the same antigen in contrary to
T-cell-independent response that elicit low affinity IgM with
IgG2 and IgA responses without memory response.

One of the limitations to our study is the small number
of patients included due to the need to first validate this new
test on a first studied cohort before the study could be en-
larged and possibly performed on a more homogeneously
treated population. Another limitation is the great variety in
time points after vaccination and after ASCT. A study in a
larger group of patients is therefore warranted to validate this
data. Furthermore, follow-up was insufficient to evaluate the
evolution of the anti-PCP response away from ASCT. Longer
longitudinal follow-up may be important for assessing anti-
pneumococcal immune reconstitution over time and espe-
cially after ASCT.
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In conclusion, we demonstrated myeloma has the abil-
ity to demonstrate a response to pneumococcal vaccine, in-
dependently of preexisting hypogammaglobulinemia and
disease response and possibly of treatment induced immu-
nodepression, with an expected drop of response overtime
and immediately following autologous transplantation. This
response tends to be associated with protection against pneu-
mococcal infection. Further studies in a larger group of pa-
tients is warranted to validate this data.
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