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Patients with hematological malignancies have high risk for morbidity and mortality from influenza. This study was
conducted to evaluate the immunogenicity and reactogenicity of an influenza A(HIN1)pdm09 vaccine among such sub-
jects. Fifty subjects were vaccinated twice during the 2009-2010 season. The antibody response was expressed in terms
of mean fold rise (MFR) of geometric mean titer, seroresponse proportion (sR), and seroprotection proportion (sP). The
first vaccination induced only a small response, and additional antibody was acquired after the second dose (MFR 2.3 and
3.9, sR 32% and 54%, and sP 30% and 48% after the first and the second vaccination, respectively). Rituximab treatment
showed an especially inhibitory effect (MFR 1.3, sR 9% and sP 0%). When analyzed using logistic regression models, only
rituximab was found to have an independent effect; the adjusted odds ratio for sR was 0.09 (P = 0.05). Influenza vaccina-
tion of patients with hematological malignancies resulted in adepuate response, and the second vaccination induced
additional antibody. It is therefore recommended to vaccinate this group twice.

Introduction

The United States Advisory Committee on Immunization
Practices (US ACIP) recommends annual influenza vaccination
for immunocompromised patients."® Patients with hematological
malignancies have reduced immune response and therefore are at
high risk for morbidity and mortality due to influenza.? It is said
that their treatment with cytotoxic chemotherapy drugs induced
a reduction of humoral response and led to increased susceptibil-
ity to infectious disease.’” In fact, high mortality and morbid-
ity of this population due to an influenza virus was reported.®
On the other hand, it is unclear whether the underlying disease
causes this lowered response. Thus more studies are required to
evaluate the effectiveness of influenza vaccine in such patients
and to protect this group from influenza. However there have
been only a limited number of reports and they showed conflict-
ing data.”'¢

In March 2009, a novel influenza A(HIN1) virus was
reported in North America.”"” This virus spread globally
and brought about the 2009 influenza pandemic.?*** Because

*Correspondence to: Yuichiro Ide; Email: ideyuichiro3t3@gmail.com

this virus was novel for human beings, we got an exceptional
opportunity to study the immunogenicity of an influenza vac-
cine in a naive population. The objective of this study was to
assess the immunogenicity and reactogenicity of a monovalent
A(HIN1)pdmO09 influenza vaccine in patients with hemato-
logical malignancies.

Results

Table 1 shows characteristics of the study subjects. The
median age was 59 (range 21-83), and 48% of them were 60 or
older. 40% of the subjects were males, 92% had pre-titer < 1:10,
and 2 subjects had pre-titer > 1:40 (1:40 and 1:80). Lymphoma
was the most common underlying disease (42%). All lymphoma
patients had non-Hodgkin’s disease, and there was no patient
with Hodgkin’s disease. Steroid was the most frequently used
chemotherapeutic agent (58%). Rituximab was being used on
11 (22%) patients only, but nearly half (48%) of the lymphoma

patients were receiving rituximab.
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Table 1. Characteristics of patients with hematological malignancy

. Patients
Characteristics (n = 50)
Age
Median (range) 39 (21-83)
Gender
Male 20 (40)
Prevaccination titer 6 92)
<1:10 5 @
1:10-1:20 3 @
> 1:40
Underlying disease 21 42)
Lymphoma
. 14 (28
Acute Leukemia 8 (16)
Myeloma
3 6)
MDS? 5 @
Aplastic anemia 5 @
Other®
Chemothera~py 29 (58)
Steroid 6 (12)
Immunosuppressive agent
. b 16 (32)
Anticancer agent 1 22)
Rituximab
Chemotherapy by Underlying disease 21 (100)
Lymphoma
. 15 (71)
Steroid 5 (10)
Immunosuppressive agent
X d 13 (62)
Anticancer agent
o 10 (48)
Rituximab
) 14 (100)
Acute leukemia
R 8 (57)
Steroid 3 21)
Immunosuppressive agent N (14)
Anticancer agent ¢ ] )
Migmgab 8 (100)
Steroid 4 0

Note: Number in parentheses is expressed as percentage if not otherwise
specified; 2MDS (myelodysplastic syndrome);?Other includes chronic
myelogenous leukemia and myelofibrosis; Each treatment is not mutually
exclusive; “Anticancer agents does not include rituximab;

Immunogenicity of the vaccine is summarized in Table 2.
In the entire sample, GMT did not reach the protective level
(> 1:40) even after the second vaccination (S2 = 1:22). MFR
reached 2.3 after the first and 3.9 after the second vaccination.
sR became 32% and 54% and sP became 27% and 46% after the
first and the second vaccination, respectively Females had 1/3 or
less the GMT of males both after the first and the second vacci-
nations with clearly lower MFR, sR and sP. In the two categories
with pre-titer > 1:10 there was almost no increase in MFR, and
both sR and sP were 0%. Patients with lymphoma, acute leuke-
mia, or myeloma as the underlying disease showed significant
increase in MFR after the second vaccination, but they differed
in the extent of this increase (MFR of 2.0 for lymphoma, 4.6 for
acute leukemia and 9.5 for myeloma). Similarly, the sR (S1/S0 =
10% and S2/S0 = 33%) and sP (S1 = 10% and S2 = 19%) were
significantly low in lymphoma patients compared with patients
with other underlying diseases. The values of various parame-
ters of categories of patients who were under different types of
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chemotherapy were generally lower than those of the entire sam-
ple, irrespective of the drug used. The values were particularly
low with rituximab, MFR, sR and sP being 1.3, 9% and 0%
respectively after the second vaccination.

MER after the second vaccination was 3.9 for the entire sam-
ple, which satisfied the EMA criterion (2.5). The two categories
with pre-titer > 1:10 both had sR 0% after the first and the sec-
ond vaccinations, and sC also became 0%. Because of this, sC for
the entire sample was 26% (13/50) after the first vaccination and
449% (22/50) after the second vaccination. Thus, as with MFR,
the vaccine satisfied the EMA criterion (40%) for sC also for the
entire sample.

Table 3 shows the results of logistic regression analysis of sR
(MFR S2/S0 > 4) after the second vaccination. In the univariate
analysis, significantly reduced ORs were seen for lymphoma (P =
0.01), steroid (2 = 0.02), anticancer agents (£ = 0.02) and ritux-
imab (P = 0.01), and there was marginal significance (P = 0.09)
for gender. In the multivariate analysis of model 1, where age,
gender and underlying disease were included, the OR for lym-
phoma showed marginal significance (P = 0.06), but there was no
significant reduction in the OR for gender (2= 0.50). In model 2,
where gender was not taken into account, the OR for lymphoma
showed statistical significance (OR = 0.08, 95% CI = 0.01-0.95).
In model 3, where age and chemotherapy were included, statisti-
cal significance was seen only for rituximab (OR = 0.08, 95%
CI = 0.01-0.86). Finally, in model 4, which included age, lym-
phoma and rituximab, only rituximab showed significance, that
too only marginal (OR = 0.09, 95% CI = 0.01-1.04). Lymphoma
did not have significant effect (OR = 0.43, 95% CI = 0.08-2.18).

Table 4 shows the results for sP after the second vaccination
(82 = 1:40). Significantly reduced ORs were seen in the uni-
variate analysis for gender (2 = 0.03), lymphoma (# = 0.01) and
anticancer agents (P = 0.05), and there was marginal significance
(P=0.09) for myeloma. The antibody titer did not reach the sero-
protective level in any of the patients under rituximab treatment.
Therefore we could not include rituximab in the model. In the
multivariate model 1, which included age, gender and underly-
ing disease, the OR for lymphoma maintained a significance (P
= 0.04) and the OR for gender was not significant (P = 0.32).
In model 2, where gender was not taken into account, OR for
lymphoma showed even greater decrease (OR = 0.07, 95% CI
= 0.01-0.76). In model 3, where age and chemotherapy were
included, no variable showed statistically significant OR. Finally
in model 4, which included age, lymphoma and chemotherapy,
only lymphoma showed a significant decrease in OR (OR = 0.10,
95% CI = 0.02-0.58).

We examined the associations among these explanatory vari-
ables by calculating Cramer’s V. Gender and lymphoma had
Cramer’s V of 0.42 (P < 0.01). In fact, a higher proportion of
females than males had lymphoma (3/20 males and 18/30
females). In the univariate analysis, females showed a lower OR
because of this skew. Cramer’s V was 0.53 (P < 0.001) between
lymphoma and rituximab. When the frequency of rituximab
treatment was compared between lymphoma and non-lymphoma
patients, it was seen that mostly lymphoma patients had received
the treatment (10/21 lymphoma patients and 1/29 non-lymphoma
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Table 3. Association between selected characteristics and SeroResponse proportion (SO to S2) (n = 46)

Crude Multivariate Multivariate Multivariate Multivariate
model 1° model 2° model 3¢ model 4¢
OR OR OR
0y 0, 0
Category sR (%) (95%Cl) P (95%Cl) P OR (95%Cl) P OR (95%Cl) P (95%Cl) P
1.58 0.96
60-83/36— 0.73 1.52 0.71
Age 59 52601 (023228 | 09| @37 053] (037637) | O%6 | (018-280) | 063 | ©227 | 095
6.74) 4.15)
0.60
Gender Female/ 47/72 034 looo| 014 |os0
Male (0.10-1.18)
2.63)
0.09
0.18(0.05- (?'?;)_ 0.08
v ndf;g";fo‘:::ase +- 33/74 (;'61 13) 001 | 040 | 006 (0'0(1) ;%95 ' [ 005 043
. +/- 69/51 X 0.27 (0.03- 0.47 : 0.47 (0.08- 0.31
Acute leukemia v 75/53 (0.55-8.21) 05 4.83) 052 (0.03-4.76) 059 2.18)
Myeloma 2.71 039 0.47
(0.49-15.1) (0.02— (0.03-7.71)
6.96)
0.22 0.75
Chemotherapy (0.06-0.76) (0.11-4.93)
Steroid +/- 41/76 0.48 0.02 0.42 0.76 0.09
Immunosuppressive - 40/58 (0.07-3.17) | 0.45 (0.04-4.49) | 0.47 (0'0 1- 0.05
Agents e 30/69 0.21 0.02 0.56 0.55 ; '04) ’
Anticancer agents* 10/68 (0.06-0.75) | 0.01 (0.08-3.84) | 0.04 ’
Rituximab 0.05 0.08
(0.01-0.45) (0.01-0.86)

Logistic regression model. Cl: confidence interval; OR: odds ratio; *Model include age, sex, lymphoma, acute leukemia, and myeloma; "Model include age,
lymphoma, acute leukemia and myeloma. “Model include age, steroid, immunosuppressive agents, anticancer agents and rituximab; “Model include age,

lymphoma and rituximab; *Anticancer agents does not include rituximab.

patients). This strongly suggested that lymphoma maintained
significant association in model 4 of Table 4 because this model
did not include rituximab.

Table 5 shows the proportion of subjects who had adverse
events. No mortality or serious adverse event was reported. Only
2 patients reported adverse events after the first vaccination. One
patient (2%) had a systemic reaction while another (2%) had a
localized reaction. No patient reported symptoms of ORS. On
the other hand, this syndrome was reported after the second vac-
cination by 4 patients (8%). After the second vaccination, sys-
temic reaction was reported by 12 (24%) patients and localized
reaction by 10 (20%). However, all the adverse events were of
grade 1.

Discussion

In the present study, we gave two vaccinations of an influenza
A(HIN1)pdm vaccine to patients with hematological malignan-
cies. The immunological indices of the subjects were considerably
lower (MFR 3.9 times, sR 54% and sP 46%) than in healthy
adults. % There have been quite a few reports about the low
immunogenicity of influenza vaccines in patients with hemato-
logical malignancies.’**® The results obtained by use here agree
with their findings. In healthy adults usually the induction of

antibody reaches a plateau after one vaccination.”>* However

2390

Human Vaccines & Immunotherapeutics

in patients with hematological malignancies antibodies were
found to be induced further even after the second vaccination.
We recommend two vaccinations for such patients as an addi-
tional effect can be expected from the second vaccination. Very
recent research on patients of lymphoid tumors has also revealed
an additional effect of the second vaccination, and the authors of
those studies have also recommended vaccinating such patients
twice. 340

Comparison of various immunological indices in patients
stratified for various characteristics showed that the indices were
low in females, lymphoma patients, and those treated with ste-
roids, anticancer agents or rituximab (Table 2). The values were
particularly low with rituximab, with only one patient showing a
4-fold increase in antibody titer even after two vaccinations, and
none reaching titer > 1:40. Recent studies have also shown the
low immunogenicity of influenza vaccines in lymphoma patients
and patients on rituximab treatment.’** The results obtained
by us here are in agreement with those findings. Subjects having
pre-titer = 1:10 did not show any increase in antibody response
after the second vaccination. This may have happened by chance,
because such subjects were very few. Larger studies are needed to
confirm this.

In the present study we performed multivariate logistic analy-
sis only with subjects having pre-titer < 1:10 in order to eliminate
the effect of pre-titer level on antibody induction. Pre-titer is an
important factor in immune response and this calls for special

Volume 10 Issue 8



Table 4.

Association between selected characteristics and SeroProtection proportion (after S2) (n = 46)

Crude Multivariate Multivariate Multivariate Multivariate
model 12 model 2° model 3¢ model 4¢
SR OR OR OR OR OR
Category ) | ©swany | P | oswen | P | osway | P | @swan | P | oswcy | P
0.83 214 1.98 093 2.02
Age 60-83/36-59 | 44/48 | (0.27- | 075 | (0.42- | 036 | ©041- | 040 | (0.28- | 091 | (0.44- | 037
2.60) 10.8) 9.60) 3.11) 9.26)
Female/ 0.25 048
Gender Vole 33/67 | (0.07- | 003 | ©11- | 032
0.86) 2.06)
0.12 0.09 0.07
(0.03- (0.01- (0.01-
o 0.46) 0.94) 0.76)
v ndf rz'”r?o‘:]'::ase +- 19/68 | 240 |o001| o066 |004| o066 | 003 0.10
ch’teﬁaukemia +- 62/40 | (0.65- | 019 | (008~ | 070 | (0.08- | 0.69 ©0.02- | 0.01
Veloma /- 75/40 | 886) | 009 | 546 |o085| 527 | 1.00 0.58)
4 450 078 1.01
(0.81- (0.06- (0.08-
25) 10.4) 12.2)
os " oo
Chemotherapy 1.41) (0.20- (0.10-
Steroid 37/57 0.77 6.08) 471)
Immunosuppressive - 40/47 (0.12— 0.17 0.57 091 0.88 0.70
PP +- : 078 ©0.06- | 063 | (008 | 092
Agents 25/56 | 5.06)
‘ . +/— 0.05 551) | 012 | 999 | 097
Anticancer agents 0/58 0.26
Rituximab (0.07- 0.23 0.96
0'98) (0.04- (0.10-
\A 1.43) 9.12)

Logistic regression model. CI: confidence interval; OR: odds ratio; *Model include age, sex, lymphoma, acute leukemia, and myeloma; ®"Model include age,
lymphoma, acute leukemia and myeloma; “Model include age, steroid, immunosuppressive agents and anticancer agents; ‘Model include age, lym-
phoma and anticancer agents;*Anticancer agents does not include rituximab.

care in the analysis of the data.*** Here we used a vaccine against
the A(HIN1)pdm09 influenza strain, which is a novel strain to
which most people had not been exposed. Therefore, very few
subjects (n = 4) had the antibody (titer > 1:10) before the vac-
cination. Exclusion of these subjects from the analysis did not
have a major effect.

Gender-stratified ORs, which showed significance in univari-
ate analysis, lost their significance in the multivariate analysis of
sR and sP when lymphoma was simultaneously included in the
analysis, the ORs nearly reaching the value of 1 (Tables 3 and
4). On the other hand, the ORs for sR and sP adjusted for lym-
phoma which simultaneously took the gender also into account
showed strong reduction. This suggested that the significance of
the gender-stratified ORs seen here was because of association
with lymphoma. Among the chemotherapies, only the adjusted
OR for rituximab showed significance (Table 3), and there was
an association between rituximab treatment and lymphoma. As
with gender there was the possibility of the effect being due to
the association with lymphoma. We therefore simultaneously
adjusted for rituximab and lymphoma in the final model. As a
result, lymphoma’s OR for sR became close to 1 whereas ritux-
imab’s OR remained about the same. This suggests that not lym-
phoma but rituximab was blocking the immune response. The
inhibitory effect of rituximab on antibody induction has been
reported by many, but we believe that ours is the first report that

www.landesbioscience.com
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demonstrates this effect by eliminating the effect of the underly-
ing disease (lymphoma), through multivariate logistic regression
analysis."”** There is a possibility that the observed effect was
related to the fact that the multivariate logistic regression analysis
did not include Hodgkin’s lymphoma. The Japanese population
has fewer patients of Hodgkin’s lymphoma than other popula-
tions, and our patients also did not have this disease. Future stud-
ies with other racial population are required to resolve this.

Rituximab is a monoclonal antibody that specifically recog-
nizes the CD20 antigen and induces phagocytosis of B cells.
The CD20 antigen is expressed on malignant B cells and also on
mature B cells.®®* Therefore, administration of rituximab causes
destruction of malignant B cells as well as mature B cells, and
persons under rituximab treatment show depletion of B cells.
This type of B cell depletion can persist for long periods of time.
It has been reported that even patients who had been under com-
plete remission for long (= 6 mo) had low ability to induce anti-
bodies against influenza vaccines.*** After receiving rituximab
treatment such patients do not attain the optimum antibody
titer through influenza vaccination for a long time. Therefore,
we need to inform people who come into close contact with such
patients to get vaccinated for influenza and to adopt other mea-
sures to prevent the spread of the infection to them.

There was no report of mortality or any serious adverse events
after the vaccination in the present study. All the adverse events
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Table 5. Reactgenicity of patients with hematological malignancy

2009. In Japan, a pdm09 strain was first reported in May,

Note: Number in parentheses is expressed as percentage; *symptoms within 24 h

after vaccination; "symptoms within 48 h after vaccination.

reported were common ones and of grade 1, suggesting that the
vaccine was tolerated well.

In this study, we have shown adequate immunogenicity and
good tolerance of the A(HIN1)pdmO09 vaccine and demonstrated
the effect of two dose vaccination of immunocompromised
patients by using epidemiological methods. Unfortunately, our
multivariate model suggested that rituximab treatment had an
inhibitory effect on the immune response.

This study was conducted at the time of the influenza pan-
demic season. The data of immunogenicity and reactogenicity of
the vaccine was required urgently. So study subjects were limited.
Thus we could not include pre-vaccination immune function
and pre-existing medical conditions other than malignancies
in the analysis. Our present limited study yielded the aforesaid
results. Future multicenter studies may provide more compelling
evidence.

To sum up, various antibody indices measured after a second
vaccination with an influenza A(HIN1)pdm09 vaccine were
adequate in patients of hematological malignancies, and all the
EMA criteria were satisfied. Furthermore because the second
vaccination showed an additional effect, we recommend that
such patients be vaccinated twice. Multivariate logistic analysis
showed that rituximab interfered with immunogenicity of the
influenza vaccine. Thus it is necessary to pay attention to the
fact that vaccination of patients under rituximab treatment could
possibly result in failure to achieve the required antibody levels.

Materials and Methods
Subjects

We recruited 50 patients with hematological malignancies
from St. Mary’s hospital in Fukuoka, Japan during October
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after first after second and the epidemic reached its peak in November. A simi-
vaccination vaccination . .

lar trend was observed at the study location. Exclusion

Oculorespiratory syndrome * 0 4 ®) criteria were post-partial remission malignancy, fever of

Regr:ayes 0 2 4) over 38 °C, history of past vaccination allergy, known

Facial egema 0 1 ®) allergy to egg products, and bleeding tendency due to

Respiratory symptoms 0 3 (6) DIC. This study was approved by the ethics review com-

Systematic reactions ® mittees of the Osaka City University, St. Mary’s College

Any 1 12 24) and St. Mary’s hospital. Written informed consents were

Feaver (> 37 °C) (1) @) 533 ((166)) obtained from the patients or their guardians.

Malaise 0 2) c (10) Vaccination and HI assay

Myalgia 0 8 6) The monovalent unadjuvanted inactive A(HINI)

Feadache 0 1 @ pdm09 splitvirus vaccine (Lot HPOIA: BIKEN,

— Osaka, Japan) contains 30pg/mL of hemagglutinin [A/

Local r::c“ons 1 10 (20) California/7/2009 (HIN1)]. 0.5 ml of the vaccine was

Redn);ss 0 2 7 (14) administered subcutaneously twice, 4 wk apart. Blood

Swelling 0 2 3 (6) samples were drawn at baseline (S0), 4 wk after each

Induration 1 ) z ((163) of the first vaccination (S1) and the second vaccination

Itching 0 1 2 (S§2). All serum samples were stored at -80 °C until used.

Pain Hemagglutination inhibition (HI) assay was conducted

as described previously.™

Information collection

Information about underlying disease (disease
name) and chemotherapy (whether administered and duration)
was obtained from medical charts. Frequency and severity of
adverse events were examined using self-administrated ques-
tionnaires on oculorespiratory syndrome (ORS) (within 24h)
and systemic reactions and local reactions (within 48 h).? All
adverse events were graded as follows: grade 1 (present but not
interfere with dairy activities), grade 2 (moderate) and grade
3 (prevents daily activities).” We also collected information
about ORS, because it has been reported occasionally within
24 h after seasonal trivalent influenza vaccination.”>> Serious
adverse events were defined as reports of death, life-threatening
illness, hospitalization or prolongation of hospitalization, or
permanent disability, according to the Vaccine Adverse Events
Reporting System (VAERS).*

Statistical analysis

The antibody response was assessed by calculating the fol-
lowing indices: mean fold rise (MFR) of geometric mean titer
(GMT), seroresponse proportion (sR, the proportion of subjects
showing > 4-fold rise) and seroprotection proportion (sP, the pro-
portion with postvaccination titer > 1:40).” We also calculated
seroconversion proportion (sC, proportion with baseline titer
< 1:10 and postvaccination titer > 1:40 or baseline titer > 1:10
and > 4-fold rise), and compared our results with the European
Medicines Agency (EMA) criteria (sC > 40%, MFR > 2.5 and
sP > 70%).5¢

For data processing, HI titer < 1:10 was regarded as 1:5.
Reciprocal titers were used for analyses after logarithmic transfor-
mation. The results were presented on the original scale by calcu-
lating the antilogarithms. Wilcoxon signed-rank test was applied
for intracategory comparisons of MFR, and either Wilcoxon
rank-sum test or Kruskal-Wallis test was used for intercategory
comparisons of GMT. Chi-square test or Mantel-extension test
was performed, as appropriate, for comparisons of sR and sP.
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Antibody response was assessed for populations stratified
for age, gender, underlying disease and type of chemotherapy.
Cyclosporine and tacrolimus were grouped with immuno-
suppressive agents. The categories of chemotherapy were not
exclusive.

We conducted multivariate logistic regression analysis to
examine the effect of each factor on objective variables (sR and
sP after second dose). This multivariate analysis was limited to
patients with prevaccination antibody titer (pre-titer) < 1:10 (n =
46). Myelodysplatic syndrome (MDS), aplastic anemia and other
disease were not included in the models as there were only a few
such patients (n = 3, 2 and 2, respectively). Multivariate models
were analyzed in two separate steps because of the limited num-
ber of subjects. Models of the first step analysis included under-
lying disease, and those of the second step analysis included
chemotherapeutic agents, as explanatory variables, along with
age and gender. The final model included factors selected in
each previous analysis step to enable identification of the fac-
tors that were more prominently associated with the lowered

immune response, from among the underlying medical condi-
tions and treatments adopted for those conditions. Odds ratios
(OR) and 95% confidence intervals (95% CI) were calculated.
We also calculated Cramer’s V to detect relationships among the
variables. A two-sided P value of less than 0.05 was considered
statistically significant. A P value less than 0.10 and larger than
or equal to 0.05 was regarded as marginally significant.

All statistical analyses were performed using SAS ver. 9.3
(SAS institute, NC, USA).

Disclosures

No conflict of interest statement declared.

Acknowledgment

The present study was performed as a part of the “Analytical
epidemiological study for influenza and currently-concerned
respiratory infectious diseases (Principal investigator Yoshio
Hirota)” funded by a 2009 Health and Labor Sciences Research
Grant.

References 8. Liu C, Schwartz BS, Vallabhaneni S, Nixon M, 17. Centers for Disease Control and Prevention (CDC).
. . Chin-Hong PV, Miller SA, Chiu C, Damon L, Drew Novel influenza A (HIN1) virus infections in three
?;\)/;’e l/\\/ll::)’otsr};;y(QKEI.rfsr:edjrs,K,C(I)ik?](i;ercjeixte?sy?;: WL. Pandemic (HIN1) 2009 infection in patients pregnant women - United States, April-May 2009.
Discase Control and Prevention. Prevention and con- with hematologic malignancy. Emerg Infect Dis MMWR Morb Mortal Wkly Rep 2009; 58:497-500;
trol of seasonal influenza with vaccines: recommen- 2010; 16:1919-7; PMID:21122221; htep://dx.doi. PMID:19444154
dations of the Advisory Committee on Immunization 0rg/10.3201/¢id1612.100772 18. Smith GJ, Vijaykrishna D, Bahl ], Lycett S], Worobey
Practices (ACIP), 2009. MMWR Recomm Rep 9.  Mazza J], Yale SH, Arrowood JR, Reynolds CE, M, Pybus OG, Ma SK, Cheung CL, Raghwani J,
2009; 58(RR-8):1-52; PMID:19644442 Glurich I, Chyou PH, Linneman JG, Reed KD. Bhatt S, et al. Origins and evolutionary genomics of
Fiore AE, Uyeki TM, Broder K, Finelli L, Euler GL, Efficacy of the influenza vaccine in patients with the 2009 swine-origin HIN1 influenza A epidemic.
Singleton JA, Iskander JK, Wortley PM, Shay DK, malignant lymphoma. Clin Med Res 2005; 3:214- NaturAe 2009; 459:1122-5; PMID:19516283; htep://
Bresce JS, et al.; Centers for Disease Control and 20; PMID:16303886; http://dx.doi.org/10.3121/ dx.doi.org/10.1038/nature08182
Prevention (CDC). Prevention and control of influ- cmr.3.4.214 19. Mackay HJ, McGee ], Villa D, Gubbay JB, Tinker
enza with vaccines: recommendations of the Advisory 10. Monkman K, Mahony J, Lazo-Langner A, Chin-Yee LM, Shi L, Kuruvilla J, Wang L, MacAlpine K, Oza
Committee on Immunization Practices (ACID), BH, Minuk LA. The pandemic HIN1 influenza vac- AM. Evaluation of pandemic HIN1 (2009) influenza
2010. MMWR Recomm Rep 2010; 59 (RR-8):1-62; cine results in low rates of seroconversion for patients vaccine in adults with solid tumor and hematologi-
PMID:20689501 with hematological malignancies. Leuk Lymphoma cal malignancies on active systemic treatment. ] Clin
Centers for Disease Control and Prevention (CDC). 2011; 52:1736-41; PMID:21663502; http://dx.doi. Virol 2011; 50:212-6; PMID:21168361; htep://
Prevention and control of influenza with vaccines: org/10.3109/10428194.2011.584003 dx.doi.org/10.1016/j.jcv.2010.11.013
recommendations of the Advisory Committee on 11. Bate J, Yung CF, Hoschler K, Sheasby L, Morden ~ 20. Centers for Disease Control and Prevention (CDC).
Immunization Practices (ACIP), 2011. MMWR J, Taj M, Heath PT, Miller E. Immunogenicity of Outbreak of swine-origin influenza A (HINI)
Morb Mortal Wkly Rep 2011; 60:1128-32; pandemic (HINI) 2009 vaccine in children with virus infection - Mexico, March-April 2009.
PMID:21866086 cancer in the United Kingdom. Clin Infect Dis MMWR Morb Mortal Wkly Rep 2009; 58:467-70;
Hodges GR, Davis JW, Lewis HD Jr., Whittier FCJr., 20105 51:¢95-104; PMID:21067352; htep://dx.doi. PMID:19444150
Siegel CD, Chin TD, Clark GM, Noble GR. Responsc org/10.1086/657403 21. Gordon SM. Update on 2009 pandemic influenza
to influenza A vaccine among high-risk patients. 12. Brydak LB, Machala M, Centkowski P, Warzocha A (HIN1) virus. Cleve Clin ] Med 2009; 76:577-
South Med J 1979; 72:29-32; PMID:366766; http:// K, Bilifiski P. Humoral response to hemaggluti- 82; PMID:19797457;  http://dx.doi.org/10.3949/
dx.doi.org/10.1097/00007611-197901000-00010 ninhcomptﬂle:llti( of influenza lvacci}r])e in }\)}atients ccjm.76a.05009
. . with non-Hodgkin malignant lymphoma. Vaccine 22. Kao TM, Wang CH, Chen YC, Ko W], Chang
;:,}lle(r:;li};llg{i/’llc’;}(l;‘s:r:él?;C;E’([;I;:?;Z}::tggl’\lffifjé 2006; 24166'20'3,: PMID:16870313; http://dx.doi. SC. The first case of severe novel HINI influ-
JJ, Raad II. Respiratory viral infections in adults with 0rg/10.1016/j.vaccine.2006.05.100 enza successfully rescued by extracorporeal mem-
hemarologic malignancies and human stem cell trans- 13. Porter CC, Edwards KM, Zhu Y, Frangoul H. brane oxygenation in Taiwan. ] Formos Med Assoc
plantation recipients: a retrospective study at a major Immune responses to influenza immunization in 2009; 108:894-8; PMID:19933034; htep://dx.doi.
cancer center. Medicine (Baltimore) 2006; 85:278- children rcceiving mainten_ance c_hemotherapy for 0rg/10.1016/50929-6646(09)60422-8
87; PMID:16974212; http://dx.doi.org/10.1097/01. acute lymphoblastic leukemia. Pediacr Blood Cancer  23. Greenberg ME, Lai MH, Hartel GF, Wichems CH,
md.0000232560.22098 4e 2004; 42:36-40; PMID:14752792; http://dx.doi. Gittleson C, Bennet J, Dawson G, Hu W, Leggio
Vidal L, Gafter-Gyili A, Leibovici L, Dreyling M, 0rg/10.1002/pbe.10459 C, Washington D, et al. Response to a monovalent
Ghielmini M, Hsu Schmitz SF, Cohen A, Shpilberg 14. Ljungman P, Avetisyan G. Influenza vaccination 2009 influenza A (HINI) vaccine. N Engl ] Med
O. Rituximab maintenance for the treatment of in hematopoietic SCT recipients. Bone Marrow 2009; 361:2405-13; PMID:19745216; http://dx.doi.
patients with follicular lymphoma: systematic review Transplant  2008; 42:637-41; PMID:18724396; org/10.1056/NEJM0a0907413
and meta-analysis of randomized trials. ] Natl Cancer htep://dx.doi.org/10.1038/bmt.2008.264 24. Clark TW, Pareck M, Hoschler K, Dillon H,
Inst 2009; 101:248-55; PMID:19211444; heep:// 15. Ljungman P, NahiH, Linde A. Vaccination of patients Nicholson KG, Groth N, Stephenson I. Trial of
dx.doi.org/10.1093/jnci/djn478 with haematological malignancies with one or two 2009 influenza A (HINI) monovalent MF59-
Salles G, Seymour JF, Offner F, Lépez-Guillermo doses of influenza vaccine: a randomised study. Br ] adjuvanted vaccine. N Engl ] Med 2009; 361:2424-
A, Belada D, Xerri L, Feugier P, Bouabdallah R, Haematol 2005; 130:96-8; PMID:15982350; http:// 35; PMID:19745215;  http://dx.doi.org/10.1056/
Catalano JV, Brice P, et al. Rituximab maintenance dx.doi.org/10.1111/j.1365-2141.2005.05582.x NEJM0a0907650
for 2 years in patients with high tumour burden follic- 16. Pollyea DA, Brown JM, Horning SJ. Utility of influ-

ular lymphoma responding to rituximab plus chemo-
therapy (PRIMA): a phase 3, randomised controlled
trial. Lancet 2011; 377:42-51; PMID:21176949;
http://dx.doi.org/10.1016/50140-6736(10)62175-7

www.landesbioscience.com

enza vaccination for oncology patients. ] Clin Oncol
20105 28:2481-90; PMID:20385981; http://dx.doi.
0rg/10.1200/JC0O.2009.26.6908

Human Vaccines & Immunotherapeutics

2393



25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Liang XF, Wang HQ, Wang JZ, Fang HH, Wu ],
Zhu FC, Li RC, Xia SL, Zhao YL, Li FJ, et al. Safety
and immunogenicity of 2009 pandemic influenza
A HINI vaccines in China: a multicentre, double-
blind, randomised, placebo-controlled trial. Lancet
2010; 375:56-66; PMID:20018364; http://dx.doi.
org/10.1016/50140-6736(09)62003-1

Plennevaux E, Sheldon E, Blatter M, Reeves-Hoché
MK, Denis M. Immune response after a single vacci-
nation against 2009 influenza A HINT in USA: a pre-
liminary report of two randomised controlled phase
2 trials. Lancet 2010; 375:41-8; PMID:20018365;
http://dx.doi.org/10.1016/S0140-6736(09) 62026-2
Roman F, Vaman T, Gerlach B, Markendorf A,
Gillard P, Devaster JM. Immunogenicity and safety
in adults of one dose of influenza A HIN1v 2009 vac-
cine formulated with and without AS03A-adjuvant:
preliminary report of an observer-blind, randomised
trial. Vaccine 2010; 28:1740-5; PMID:20034605;
http://dx.doi.org/10.1016/j.vaccine.2009.12.014
Vajo Z, Tamas F, Sinka L, Jankovics I. Safety and
immunogenicity of a 2009 pandemic influenza A
HINI vaccine when administered alone or simul-
taneously with the seasonal influenza vaccine for
the 2009-10 influenza season: a multicentre, ran-
domised controlled trial. Lancet 2010; 375:49-
55; PMID:20018367; http://dx.doi.org/10.1016/
$0140-6736(09)62039-0

Zhu FC, Wang H, Fang HH, Yang JG, Lin X]J,
Liang XF, Zhang XF, Pan HX, Meng FY, Hu YM,
et al. A novel influenza A (HIN1) vaccine in vari-
ous age groups. N Engl] Med 2009; 361:2414-23;
PMID:19846844; http://dx.doi.org/10.1056/
NEJMo0a0908535

Hodges GR, Davis JW, Lewis HD Jr., Whittier FCJr.,
Siegel CD, Chin TD, Clark GM, Noble GR. Response
to influenza A vaccine among high-risk patients.
South Med ] 1979; 72:29-32; PMID:366766; http://
dx.doi.org/10.1097/00007611-197901000-00010
Mazza JJ, Yale SH, Arrowood JR, Reynolds CE,
Glurich I, Chyou PH, Linneman ]G, Reed KD.
Efficacy of the influenza vaccine in patients with
malignant lymphoma. Clin Med Res 2005; 3:214-
20; PMID:16303886; http://dx.doi.org/10.3121/
cmr.3.4.214

Monkman K, Mahony J, Lazo-Langner A, Chin-Yee
BH, Minuk LA. The pandemic HINT1 influenza vac-
cine results in low rates of seroconversion for patients
with hematological malignancies. Leuk Lymphoma
2011; 52:1736-41; PMID:21663502; htep://dx.doi.
org/10.3109/10428194.2011.584003

Bate ], Yung CF, Hoschler K, Sheasby L, Morden
], Taj M, Heath PT, Miller E. Immunogenicity of
pandemic (HIN1) 2009 vaccine in children with
cancer in the United Kingdom. Clin Infect Dis
2010; 51:€95-104; PMID:21067352; http://dx.doi.
0rg/10.1086/657403

Brydak LB, Machata M, Centkowski P, Warzocha
K, Bilifiski P. Humoral response to hemaggluti-
nin components of influenza vaccine in patients
with non-Hodgkin malignant lymphoma. Vaccine
2006; 24:6620-3; PMID:16870313; htep://dx.doi.
org/10.1016/j.vaccine.2006.05.100

Porter CC, Edwards KM, Zhu Y, Frangoul H.
Immune responses to influenza immunization in
children receiving maintenance chemotherapy for
acute lymphoblastic leukemia. Pediatr Blood Cancer
2004; 42:36-40; PMID:14752792; http://dx.doi.
0rg/10.1002/pbc.10459

2394

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Ljungman P, Avetisyan G. Influenza vaccination
in hematopoietic SCT recipients. Bone Marrow
Transplant  2008; 42:637-41; PMID:18724396;
htep://dx.doi.org/10.1038/bmt.2008.264

Ljungman P, Nahi H, Linde A. Vaccination of patients
with haematological malignancies with one or two
doses of influenza vaccine: a randomised study. Br J
Haematol 2005; 130:96-8; PMID:15982350; hetp://
dx.doi.org/10.1111/j.1365-2141.2005.05582.x
Pollyea DA, Brown JM, Horning SJ. Utility of influ-
enza vaccination for oncology patients. J Clin Oncol
2010; 28:2481-90; PMID:20385981; http://dx.doi.
0rg/10.1200/JC0O.2009.26.6908

Bedognetti D, Ansaldi F, Zanardi E, Durando P,
Sertoli MR, Massucco C, Balleari E, Racchi O,
Zoppoli G, Orsi A, et al. Seasonal and pandemic (A/
HINI1 2009) MF-59-adjuvanted influenza vaccines in
complete remission non-Hodgkin lymphoma patients
previously treated with rituximab containing regi-
mens. Blood 2012; 120:1954-7; PMID:22936740;
http://dx.doi.org/10.1182/blood-2012-06-438689
Villa D, Gubbay J, Sutherland DR, Laister R, McGeer
A, Cooper C, Fortuno ES 3, Xu W, Shi L, Kukreti V,
et al. Evaluation of 2009 pandemic HINTI influenza
vaccination in adults with lymphoid malignancies
receiving chemotherapy or following autologous stem
cell transplant. Leuk Lymphoma 2013; 54:1387-95;
PMID:23240909; http://dx.doi.org/10.3109/104281
94.2012.742524

Yri OE, Torfoss D, Hungnes O, Tierens A, Waalen
K, Nordey T, Dudman S, Kilander A, Wader KF,
Ostenstad B, et al. Rituximab blocks protective
serologic response to influenza A (HINI) 2009
vaccination in lymphoma patients during or within
6 months after treatment. Blood 2011; 118:6769-
71;  PMID:22058114; http://dx.doi.org/10.1182/
blood-2011-08-372649

Hottinger AF, George AC, Bel M, Faver L,
Combescure C, Meier S, Grillet S, Posfay-Barbe K,
Kaiser L, Siegrist CA, et al.; HINI Study Group.
A prospective study of the factors shaping antibody
responses to the AS03-adjuvanted influenza A/
HINI vaccine in cancer outpatients. Oncologist
2012; 17:436-45; PMID:22357731; hetp://dx.doi.
0rg/10.1634/theoncologist.2011-0342

Takata T, Suzumiya J, Ishikawa T, Takamatsu Y,
Ikematsu H, Tamura K. Attenuated antibody reac-
tion for the primary antigen but not for the recall
antigen of influenza vaccination in patients with
non-Hodgkin B-cell lymphoma after the adminis-
tration of rituximab-CHOP. ] Clin Exp Hematop
2009; 49:9-13; PMID:19474512; heep://dx.doi.
0rg/10.3960/jslrt.49.9

Hirota Y, Kaji M, Ide S, Goto S, Oka T. The hem-
agglutination inhibition antibody responses to an
inactivated influenza vaccine among healthy adults:
with special reference to the prevaccination antibody
and its interaction with age. Vaccine 1996; 14:1597-
602; PMID:9032887; http://dx.doLorg/lOAlOlG/
$0264-410X(96)00153-3

Kobayashi M, Ohfuji S, Fukushima W, Maeda A,
Maeda K, Fujioka M, Hirota Y. Immunogenicity
and reactogenicity of a monovalent inactivated 2009
influenza A vaccine in adolescents: with special
reference to pre-existing antibody. J Pediatr 2012;
160:632-7, el; PMID:22094234; heep://dx.doi.
org/10.1016/j.jpeds.2011.09.055

Human Vaccines & Immunotherapeutics

46.

47.

48.

49.

50.

52.

53.

54.

55.

Reff ME, Carner K, Chambers KS, Chinn PC,
Leonard JE, Raab R, Newman RA, Hanna N,
Anderson DR. Depletion of B cells in vivo by a chi-
meric mouse human monoclonal antibody to CD20.
Blood 1994; 83:435-45; PMID:7506951

Maloney DG, Liles TM, Czerwinski DK, Waldichuk
C, Rosenberg J, Grillo-Lopez A, Levy R. Phase I
clinical trial using escalating single-dose infusion of
chimeric anti-CD20 monoclonal antibody (IDEC-
C2B8) in patients with recurrent B-cell lymphoma.
Blood 1994; 84:2457-66; PMID:7522629

Valentine MA, Meier KE, Rossie S, Clark EA.
Phosphorylation of the CD20 phosphoprotein in rest-
ing B lymphocytes. Regulation by protein kinase C. J
Biol Chem 1989; 264:11282-7; PMID:2472394
Press OW, Appelbaum F, Ledbetter JA, Martin PJ,
Zarling ], Kidd P, Thomas ED. Monoclonal antibody
1F5 (anti-CD20) serotherapy of human B cell lym-
phomas. Blood 1987; 69:584-91; PMID:3492224
Bedognetti D, Zoppoli G, Massucco C, Zanardi E,
Zupo S, Bruzzone A, Sertoli MR, Balleari E, Racchi
O, Messina M, et al. Impaired response to influ-
enza vaccine associated with persistent memory B
cell depletion in non-Hodgkin’s lymphoma patients
treated with rituximab-containing regimens. ]
Immunol 2011; 186:6044-55; PMID:21498665;
hetp://dx.doi.org/10.4049/jimmunol.1004095
Organization WH. World Health Organization man-
ual on animal influenza diagnosis and surveillance.
Global Influenza Programme Geneva: WHO 2002.
Spila-Alegiani S, Salmaso S, Rota MC, Tozzi AE,
Raschetti R. Reactogenicity in the elderly of nine
commercial influenza vaccines: results from the
Italian SVEVA study. Study for the evaluation of
adverse events of influenza vaccination. Vaccine
1999; 17:1898-904; PMID:10217587; http://dx.doi.
0rg/10.1016/50264-410X(98) 00467-8
Oculo-respiratory syndrome following influenza
vaccination: review of post-marketing surveillance
through four influenza seasons in Canada. Can
Commun Dis Rep 2005; 31:217-25; PMID:16669126
Food and Drug Administration. 21 CFR Part 600.80.
Postmarketing reporting of adverse experiences. Fed
Regist 1997; 62:52252-3

Ohfuji S, Fukushima W, Deguchi M, Kawabata
K, Yoshida H, Hatayama H, Maeda A, Hirota Y.
Immunogenicity of a monovalent 2009 influenza A
(HINI1) vaccine among pregnant women: lowered
antibody response by prior seasonal vaccination.
J Infect Dis 2011; 203:1301-8; PMID:21459817;
http://dx.doi.org/10.1093/infdis/jir026

. Guideline on influenza vaccines prepared from viruses

with the potential to cause a pandemic and intended
for use outside the core dossier context. 2007.

Volume 10 Issue 8



