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Background
In 2009 the declaration by the World Health Organization of a global pandemic of influenza-
H1N1 virus led to a vaccination campaign to ensure protection for immunocompromised
patients. The goal of this study was to determine the efficacy of the 2009 H1N1 vaccine in
patients with hematologic malignancies.

Design and Methods
We evaluated humoral and cellular immune responses to 2009 H1N1 vaccine in 97 adults with
hematologic malignancies and compared these responses with those in 25 adult controls.
Patients received two injections of vaccine 21 days apart and the controls received one dose.
Antibody titers were measured using a hemagglutination-inhibition assay on days 0, 21 and 49
after injection of the first dose. Cellular immune responses to H1N1 were determined on days
0 and 49.

Results
By day 21 post-vaccination, protective antibody titers of 1:32 or more were seen in 100% of
controls compared to 39% of patients with B-cell malignancies (P<0.001), 46% of allogeneic
stem cell transplant recipients (P<0.001) and 85% of patients with chronic myeloid leukemia
(P=0.086). After a second dose, seroprotection rates increased to 68%, (P=0.008), 73%,
(P=0.031), and 95% (P=0.5) in patients with B-cell malignancies, after allogeneic stem cell trans-
plantation and with chronic myeloid leukemia, respectively. On the other hand, T-cell respons-
es to H1N1 vaccine were not significantly different between patients and controls.

Conclusions
These data demonstrate the efficacy of H1N1 vaccine in most patients with hematologic malig-
nancies and support the recommendation for the administration of two doses of vaccine in
immunocompromised patients. These results may contribute towards the development of evi-
dence-based guidelines for influenza vaccination in such patients in the future.

Key words: H1N1 vaccine, efficacy, immunocompromised host, leukemia, CML, allogeneic
SCT, lymphoma, influenza, hematologic malignancies, hematology, cancer.
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Introduction

In 2009 the spread of influenza A (H1N1) satisfied the
World Health Organization (WHO) criteria of a global
pandemic and led to the initiation of a vaccination cam-
paign to ensure protection for the most vulnerable
patients, including those with hematologic malignancies.
However, the immunogenicity of the 2009 H1N1 vaccine
in immunocompromised patients has not been specifically
tested. Furthermore, the number of doses of vaccine
required for effective immunization against the novel
influenza A (H1N1) has not been established. Whereas the
European Medicines Agency1 and the UK Department of
Health (DoH)2 recommend the injection of two doses of
inactivated H1N1 vaccine with a minimum of 3 weeks
between doses for immunocompromised individuals, the
Centers for Disease Control and Prevention recommend
immunization with one dose of inactivated H1N1 vaccine
for patients with cancer receiving chemotherapy, followed
by a booster vaccine 3 months after completion of treat-
ment if the pandemic continues.3
We conducted a prospective study to determine the

safety and immunogenicity of the vaccination program
against the 2009 pandemic H1N1 in patients with hema-
tologic malignancies and healthy controls and to charac-
terize the different components of the immune response
to H1N1. The results provide a more complete picture of
the host response to the vaccination, and facilitate the
development of improved vaccination strategies for
immunosuppressed individuals.

Design and methods

Study design
From 28th October until 18th December 2009, 97 adult patients

with hematologic malignancies and 25 adult controls were vacci-
nated in compliance with UK DoH guidelines.2 All patients and
donors gave informed consent and the study protocol was
approved by the local research ethics committee. Of the 97
patients, 32 had chronic myeloid leukemia (CML) in chronic
phase in complete cytogenetic response on the tyrosine kinase
inhibitors imatinib or dasatinib, 39 had a B-cell malignancy in
complete remission or untreated, including non-Hodgkin’s lym-
phoma, Hodgkin’s lymphoma or chronic lymphocytic leukemia,
and 26 were recipients of an allogeneic hematopoietic stem cell
transplant (SCT) in complete remission at least 6 months after
transplantation and without evidence of active graft-versus-host
disease. Healthy controls were recruited from hospital staff who
were offered vaccination because they were front-line healthcare
workers. Patients and controls who had been previously exposed
to 2009 H1N1 infection, as confirmed by reverse transcriptase
polymerase chain reaction (RT-PCR), were excluded from this
study.

Vaccine
Consistent with UK DoH guidelines all patients received an

inactivated split-virion preparation of the influenza
A/California/2009 (H1N1)v-like strain  containing 3.75 μg of
hemagglutinin and AS03 adjuvant (Pandemrix GSK, UK). The
vaccine was administered by intramuscular injection into the del-
toid muscle of the non-dominant arm by the patient’s primary
care physician, according to DoH guidelines. Over the same peri-
od, 89 of 97 patients and 15 of 25 controls also received one dose
of a seasonal influenza vaccine containing 15 μg of hemagglutinin

antigens of the following three strains: A/Brisbane/59/2007
(H1N1)-, A/Brisbane/10/2007 (H3N2)- and B/Florida/30/2008-
like strain; in the majority of patients and controls the vaccines
were not given concomitantly.

Safety assessments and assessment of influenza-like 
illness
We solicited reports of local (pain, tenderness, redness, indura-

tion and ecchymosis) and systemic (fever, headache, malaise,
myalgia, chills and nausea) adverse events by 2-weekly phone
calls performed by trained medical students, starting 1 week after
the first injection. All local and systemic adverse events reported
in response to solicitation within 7 days after administration of
the vaccine were considered to be related to the vaccine.
Symptoms were graded as follows: none, mild if they did not
interfere with normal activities, moderate if they resulted in
interference with normal activities, and severe if they prevented
engagement in daily activities or necessitated medical attention.
An influenza-like illness was defined as an oral temperature of

more than 38°C or a history of fever or chills and at least one
influenza-like symptom.

Immunological investigations
Serum and peripheral blood mononuclear cells were collected

before vaccination and on days 21 and 49 after the first vaccine
dose, and cryopreserved. Antibody responses were detected by
means of hemagglutination-inhibition assays, according to stan-
dard methods and as previously described, at the Centre for
Infections, Health Protection Agency (London, UK).4 Serum sam-
ples obtained from subjects were tested in duplicate using 1:2
serial dilutions, starting at an initial dilution of 1:8 and finishing
at a final dilution of 1:1024. Hemagglutination-inhibition anti-
body titers were reported according to the criteria conventionally
used to assess the immunogenicity of H1N1 influenza vaccines,
i.e. geometric mean titer, geometric mean titer ratio, seroprotec-
tion rate (proportion with titers ≥1:32) and seroconversion rate
(proportion with pre-vaccination titer <1:8 and a post-vaccina-
tion titer ≥1:32, or a pre-vaccination titer ≥1:8 and an increase in
the titer by a factor of four or more).5

Specific humoral responses to the seasonal flu vaccine were
not measured as these have been extensively described previous-
ly.3,6-8

To assess T-cell responses, peripheral blood mononuclear cells
collected before vaccination and on day 49 were thawed and
stimulated for 24 h with or without H1N1 vaccine
(A/California/07/2009(H1N1)v-like strain, Baxter, UK) or season-
al influenza vaccine (A/Brisbane/59/2007(H1N1),
A/Brisbane/10/2007(H3N2)- and B/Florida/30/2008-like strain,
CSL Biotherapies, Germany) (used as a positive control) at a final
concentration of 1.5 μg/mL of hemagglutinin antigens. The effec-
tor function of antigen-specific CD8+ and CD4+ T cells was
assessed by intracellular-cytokine staining for interferon-γ (INF-γ)
and tumor necrosis factor-α (TNF-α), as previously described.9

Allophycocyanin-conjugated antibodies to INF-γ and TNF-α
were employed to detect the frequencies of INF-γ- or TNF-α-
producing T cells. A response was considered positive if the com-
bined percentage of H1N1-specific TNF-α plus IFN-γ-producing
CD4+ or CD8+ T cells was 2-fold or higher compared to the back-
ground level (non-stimulated peripheral blood mononuclear cells)
and if there was a minimum of 0.05% H1N1-specific TNF-α plus
IFN-γ-producing CD4+ or CD8+ T cells (after subtracting the back-
ground).

Statistical analysis
Groups were compared using Fisher’s exact test for categorical
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data and the Mann-Whitney test for continuous variables. To
evaluate the effect of a second vaccine dose, paired sample analy-
sis was performed using a McNemar test. Geometric mean titer
values, with 95% confidence intervals, were calculated by use of
the mean, and lower and upper limits of the 95% confidence
intervals of log-transformed titers. The influence of variables on
the rates of seroprotection or seroconversion was studied using a
logistic regression model. All reported P values are two-sided and
without adjustment for multiple testing. Analyses were done for
the full-analysis set using the software package SPSS (version 17).

Results

Patients’ characteristics
The clinical characteristics of the patients and healthy

controls are summarized in Table 1. Of the 97 patients, 89
received the recommended booster at a median of 27 days
(range, 18-57 days) after the first dose. Eight patients failed
to receive a booster dose, either due to the patients’ refusal
(n=3) or limited access to their primary health care physi-
cian (n=5). Twenty-five healthy controls received one dose
of the vaccine only, in accordance with UK DoH guide-
lines.

Toxicity profile following vaccination with 2009 H1N1
and seasonal influenza vaccines 
In general the vaccines were well tolerated. Table 2

shows the adverse events during the first 7 days after the
first dose. Overall 86/95 evaluable patients (90.5%) report-
ed adverse reactions after the first vaccine dose, including
local reactions in 84/95 (88.4%) and systemic adverse
events in 41/95 (43.2%), of which 2.1% and 3.2%, respec-
tively, were reported as severe adverse events. We solicit-
ed information from 72 patients on side effects after the
second vaccine dose: nine (12.5%) reported worsening
side effects, of whom six had exacerbated local reactions
(pain or tenderness) and three had exacerbated systemic
adverse events (fever, nausea or malaise). No patient
required hospital admission as a consequence of vaccine-
related adverse events.
In comparison 22/25 healthy controls (88%) reported

adverse events, of whom 22/25 had local reactions (88%)
and 10/25 (40%) had systemic adverse events. There were
no obvious differences in the side effect profiles or fre-
quencies of adverse events between patients and controls
(data not shown). 

Clinical efficacy of vaccination
Five patients reported an influenza-like illness by the

end of the influenza season on 31st March 2010, of whom
one required admission to hospital. None of these five
patients had an RT-PCR-confirmed H1N1 influenza illness
or received antiviral therapy, and all had achieved serocon-
version after vaccination. Similarly, H1N1 infection was
not diagnosed in any of the vaccinated controls during fol-
low-up.

Seroprotection rates to 2009 H1N1 in controls and
patients
We evaluated the humoral response in 70 patients and

24 healthy controls in whom antibody titers were avail-
able at all study time-points (before vaccination and at
days 21 and 49); patients who failed to receive a second
dose were also excluded from this analysis. Before vacci-

Table 2. Injection-site and systemic adverse effects within 7 days after the
first dose of vaccine among patients.
Adverse event Mild Moderate Severe All grades

percent (95% 
confidence interval)

Local event
Any 64.2 (54.6-73.9) 22.1 (13.8-30.4) 2.1 (0-5.0) 88.4 (82.0-94.9)
Pain 54.7 (44.7-64.7) 18.9 (11.1-26.8) 1.0 (0-3.1) 74.7 (66.0-83.5)
Tenderness 57.9 (48.0-67.8) 20.0 (12.0-28.0) 2.1 (0-5.0) 80.0 (72.0-88.0)
Redness 13.7 (6.8-20.6) 4.2 (0.2-8.2) 0 17.9 (10.2-25.6)
Induration 15.8 (8.5-23.1) 3.2 (0.4-6.7) 0 18.9 (11.1-26.8)
Ecchymosis 4.2 (0.2-8.2) 0 0 4.2 (0.2-8.2)

Systemic event

Any 28.4 (19.4-37.5) 11.6 (5.1-18.0) 3.2 (0-6.7) 43.2 (33.2-53.1)
Fever 5.3 (0.8-9.8) 3.2 (0-6.7) 1.1 (0-3.1) 9.5 (3.6-15.4)
Headache 14.7 (7.6-21.9) 3.2 (0-6.7) 0 17.9 (10.2-25.6)
Malaise 17.9 (10.2-25.6) 10.5 (4.4-16.7) 1.1 (0-3.1) 29.5 (20.3-38.6)
Myalgia 11.6 (5.1-18.0) 6.3 (1.4-11.2) 0 17.9 (10.2-25.6)
Chills 6.3 (1.4-11.2) 3.2 (0-6.7) 0 9.5 (3.6-15.4)
Nausea 7.4 (2.1-12.6) 1.1 (0-3.1) 1.1 (0-3.1) 9.5 (3.6-15.4)

Table 1. Characteristics of the patients and healthy controls.
Characteristics                                           Patients               Healthy  P value
                                                                      N=97            controls N=25

Age, median ( range)                                    57.0 (22.8-88.1)     37.9 (25.6-61.8) 0.001
Allogeneic SCT                                           38.6 (22.8-63.4)
B-cell malignancies                                   66.0 (29.9-82.1)
Chronic myeloid leukemia                       53.9 (25.0-88.1)

Gender (male/female)                                           58/39                        10/15

Disease
Allogeneic SCT                                                          26
Underlying disease:
CML CP                                                                 11
Other myeloid malignancies                             5
Lymphoid malignancies                                     5
Other                                                                      5

Month from allo-SCT, median (range)      39 (6-127)
RIC/MAC                                                                11/15
SIB/MUD                                                                11/15
Acute GVHD (Y/N)                                              10/16
Chronic GVHD (Y/N)                                           7/19

B-cell malignancies                                                  39
CLL/SLL                                                                    19
Follicular lymphoma                                               7
Diffuse large B-cell lymphoma                            4
Hodgkin’s lymphoma                                              2
Others                                                                       7

CML CP in complete cytogenetic response on:   32
Imatinib                                                                    23
Dasatinib                                                                   9

Seasonal influenza vaccination in 2008 (Y/N)    57/35                        10/15

Allo-SCT: allogeneic stem cell transplantation; CML CP: chronic myeloid leukemia in chronic
phase; RIC: reduced intensity conditioning; MAC: myeloablative conditioning; SIB: identical sib-
ling donor; MUD: matched unrelated donor; GVHD: graft-versus-host disease; CLL: chronic lym-
phocytic leukemia; SLL: small lymphocytic lymphoma; Y: yes; N: no.

H1N1 vaccination for onco-hematology patients
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nation protective antibody titers of 1:32 or more were
seen in 8/24 (33.3%) controls compared to 1/28 (3.6%)
patients with B-cell malignancies (P=0.008), 1/22 (4.5%)
allogeneic SCT recipients (P=0.023) and 3/20 (15.0%)
CML patients (P=0.29), as shown in Table 3 and Figure 1.
On day 21 after vaccination, protective antibody titers

of 1:32 or more were seen in 24/24 (100%) controls com-
pared to in only 11/28 (39.3%) patients with B-cell malig-
nancies (P<0.001), 10/22 (45.5%) of allogeneic SCT recip-
ients (P<0.001) and 17/20 (85.0%) CML patients (P=0.086)
(Table 3 and Figure 1). The geometric mean titer was sig-
nificantly higher in healthy controls than in all groups of
patients, namely 362 versus 18 (P=0.001) in patients with
B-cell malignancies, 362 versus 42 (P=0.001) in allogeneic
SCT recipients and 362 versus 100 (P=0.004) in CML
patients (Table 3). The seroprotection rates achieved in
CML patients were significantly higher than those in
patients with B-cell malignancies (P=0.003) and recipients
of allogeneic SCT (P=0.011). Similar results were obtained
when looking at the rate of seroconversion after the first
injection (Table 3).

Humoral response to the second dose of vaccine
When we analyzed the antibody response to H1N1 at

day 49 post-vaccination the seroprotection rates were sig-
nificantly lower in patients with B-cell malignancies
(P=0.002) and in allogeneic SCT recipients (P=0.008) than
in healthy controls (Table 3). The seroprotection rates
achieved in CML patients at day 49 were significantly
higher than those achieved in patients with B-cell malig-
nancies (19/20 versus 19/28 respectively; P=0.031) but not
significantly different to those in recipients of allogeneic

SCT (19/20 versus 16/22; P=0.096) or healthy controls
(P=0.46).
In order to assess the effect of the second booster dose,

we performed a paired sample analysis using a McNemar
test. The second vaccine dose induced a significant
increase in the seroprotection rates from 39% to 68%
(11/28 versus 19/28; P=0.008) in patients with B-cell malig-
nancies and from 45% to 73% (10/22 versus 16/22;
P=0.031) in allogeneic SCT recipients. However, after the
second booster dose, the seroprotection rate for CML
patients did not change significantly (17/20 after the 1st
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Table 3. Antibody response to the first (day 21) and second dose (day 49, patients only) of vaccine as measured by the hemagglutination-inhi-
bition assay. 
Value B-cell malignancies Allogeneic SCT CML Controls

(n=28) (n=22) (n=20) (n=24)

Pre- H1N1 vaccination

Geometric mean titer (95%  CI) 5.5 (3.8-7.8) 5.1 (3.8-6.9) 6.6 (4.3-10.3) 10.7 (6.5-17.4)
P=0.010 P=0.016 P=0.11

Seroprotection -% (95% CI) 3.6 (0-10.4) 4.5 (0-13.2) 15.0 (0-30.6) 33.3 (14.5-52.2)
P=0.008 P=0.023 P=0.29

Day 21

Geometric mean titer (95%  CI) 17.7 (8.7-35.7) 41.8 (14.5-120.3) 100.4 (54.2-186.0) 362.0 (216.4-605.5)
P<0.001 P=0.001 P=0.004

Geometric mean ratio (95% CI) 3.2 (1.7-6.0) 8.1 (3.0-22.2) 15.2 (8.2-28.0) 33.9 (21.4-53.6)
Seroconversion -% (95% CI) 35.7 (18.0-53.5) 45.5 (24.6-66.3) 80.0 (62.5-97.5) 100

P<0.001 P<0.001 P=0.036
Seroprotection -% (95% CI) 39.3 (21.2-57.4) 45.5 (24.6-66.3) 85.0 (69.4-100) 100

P<0.001 P<0.001 P=0.086
Day 49
Geometric mean titer (95%  CI) 57.2 (24.2-135.2) 130.0 (43.8-386.4) 130.2 (67.6-251.0) 248.7 (144.1-429.2)

P=0.012 P=0.67 P=0.17
Geometric mean ratio (95% CI) 10.5 (4.6-24.2) 25.3 (8.3-76.8) 19.7 (9.9-39.0) 23.3 (14.3-37.7)
Seroconversion -% (95% CI) 64.3 (46.5-82.0) 72.7 (54.1-91.3) 90.0 (76.9-100) 100

P=0.001 P=0.008 P=0.20
Seroprotection -% (95% CI) 67.9 (50.6-85.2) 72.7 (54.1-91.3) 95.0 (85.4-100) 100

P=0.002 P=0.008 P=0.46
Geometric mean ratios are calculated by comparing the ratios between the geometric mean titer (GMT) after vaccination to the GMT before vaccination. Seroprotection was defined
as an antibody titer of 1:32 or more. Seroconversion was defined as a pre-vaccination antibody titer of 1:8 or less and a post-vaccination titer of 1:32 or more, or a pre-vaccination
titer greater than 1:8 and an increase in the antibody titer by a factor of four or more. P values correspond to the comparison between controls and each subgroup of patients.

Figure 1. Frequency of seroprotected individuals after one dose
(patients and controls) and two doses (patients only) of vaccine



dose and 19/20 after 2nd dose; P=0.5). The seroconversion
rates followed the same pattern (data not shown).

Impact of age on the level of seroprotection 
and seroconversion
The median age of controls was 37.9 years (range, 25.6-

61.8 years) compared to 66.0 years (range, 29.9-82.1
years) in patients with B-cell malignancies, 38.6 years
(range, 22.8-63.4 years) in allogeneic SCT recipients and
53.9 years (range, 25.0-88.1) in CML patients. We studied
the relationship between age and the rate of seroconver-
sion or seroprotection by constructing a logistic regres-
sion model for each outcome in which we entered the
baseline disease (B-cell malignancies, CML, allograft or
control) and the age of the patient or control. Age, either
as continuous variable or as a categorical variable (quar-

tiles), did not influence the seroconversion or seroprotec-
tion rates as measured on day 21 or day 49 (data not
shown).

Effect of chemotherapy and rituximab on the humoral
response to vaccination
Among the 28 evaluable patients with B-cell malignan-

cies, nine patients had not received chemotherapy. Of the
19 treated patients 12 had received rituximab-based treat-
ment or were on maintenance rituximab (Table 4). The
period between chemotherapy and vaccination was sig-
nificantly longer in patients who were seroprotected at
day 49 compared to those who were not (4.7 versus 17.5
months, P=0.001). Of the 19 patients who had received
prior chemotherapy, all eight (100%) patients vaccinated
more than 12 months after chemotherapy achieved sero-
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Table 4. Comparison of antibody response to 2009 H1N1 vaccination in patients with B-cell malignancies according to time from chemotherapy.
Only patients in whom antibody titers were available at all time points and who received two vaccine doses are included in this table.
Patient # Disease type Chemotherapy received Maintenance Time from Hemagglutination-

rituximab chemotherapy or inhibition
maintenance rituximab assay

(months)
Day 0 Day 21 Day 49

1 DLBCL 3*R-CVP, 4*R-CHOP N 1.7 <1:8 <1:8 <1:8
2 SLL 6*R-Chl Y 1.8 <1:8 <1:8 <1:8
3 FL 6*R-CVP Y 2.4 <1:8 <1:8 <1:8
4 FL 3*R-CVP, 3 * R-CHOP Y 3.6 <1:8 <1:8 <1:8
5 CLL 3*Fluda-Cycl, 6*R-Cycl N 5.9 <1:8 <1:8 <1:8
6 HL 6*AVBD N 6.2 <1:8 <1:8 1:32
7 FL 6*R-CHOP Y 6.4 <1:8 <1:8 <1:8
8 CLL 5*Fluda-Cycl N 6.6 <1:8 <1:8 1:8
9 MCL 5*R-CHOP, 1*R-CVP N 6.8 <1:8 1:23 1:64
10 FL 6*Chl, 2 * DHAP, 2*R-CVP Y 6.9 <1:8 <1:8 <1:8
11 DLBCL 6* R-CVP N 10.5 16 1:256 1:256
12 CLL 1*Fluda-Cycl N 16.7 <1:8 <1:8 1:32
13 CLL 5*Chl, 4*Fluda, 6*Fluda-Cycl, Campath N 16.9 <1:8 <1:8 1:362
14 CLL Campath N 17.6 <1:8 1:256 1:4096
15 DLBCL 6 * R-CHOP N 31.9 <1:8 1:32 1:512
16 HCL Cladribine N 58.7 <1:8 1:64 1:5792
17 CLL 6*Fluda-Cycl, Campath N 58.9 1:16 1:512 1:512
18 FL 6*R-CVP N 66.7 <1:8 1:64 1:32
19 Splenic NHL 8*R-CHOP N 82.9 <1:8 1:16 1:256
20 LPL None <1:8 1:512 1:512
21 CLL None (Binet stage A) <1:8 <1:8 1:64
22 CLL None (Binet stage A) 1:8 1:64 1:128
23 CLL None (Binet stage A) 1:362 1:128 1:362
24 CLL None (Binet stage A) 1:8 1:362 1:256
25 CLL None (Binet stage A) <1:8 <1:8 1:256
26 CLL None (Binet stage A) <1:8 1:32 1:32
27 CLL None (Binet stage A) <1:8 <1:8 1:33
28 CLL None (Binet stage B) <1:8 <1:8 <1:8

DLBCL: diffuse large B-cell lymphoma; SLL: small lymphocytic lymphoma; FL: follicular lymphoma; CLL: chronic lymphocytic leukemia; HL: Hodgkin’s lymphoma; MCL: mantle cell
lymphoma; HCL: hairy cell leukemia; NHL: non-Hodgkin’s lymphoma; LPL: lymphoplasmacytoid lymphoma; R: rituximab; Chl: chloraminophen; Fluda: fludarabine; Cycl: cyclophos-
phamide; CHOP: cyclophosphamide, doxorubicin, vincristine, prednisone; R-CHOP: rituximab-CHOP; R-CVP: rituximab, cyclophosphamide, vincristine, prednisone; ABVD: doxorubicin,
bleomycin, vinblastine, dacarbazine; DHAP: dexamethasone, cytarabine, cisplatin; Codox M: cyclophosphamide, vincristine, doxorubicin, methotrexate; IVAC: ifosfamide, etoposide,
cytarabine; NA: not available.



protection after two doses of the vaccine, compared to
three of six (50%) vaccinated between 6-12 months and
none of five (0%) vaccinated within 6 months of
chemotherapy (P=0.001, c2 trend test). There were no sig-
nificant differences in the seroprotection rates of the eight
patients who were vaccinated more than 12 months fol-
lowing chemotherapy compared to tose of the nine
patients who had not been previously treated (100% ver-
sus 89%, P=0.99) (Table 4). Importantly, when restricting
the analysis to the 17 patients with B-cell malignancies
who were vaccinated more than 12 months after receiv-
ing chemotherapy (n=8) or those who had never been
treated with chemotherapy (n=9), 16/17 (94%) achieved
a level compatible with seroprotection after a second
dose, which was not statistically significantly different
from the rate in healthy controls (P=0.415). However, it
appears that two doses of vaccine are still necessary to
induce a significant antibody titer in these patients as
only 10 of the 17 seroconverted after the first dose
(P=0.031).

Impact of time from transplant on humoral response 
to vaccination
In the allogeneic SCT recipient group, we studied the

impact of a number of factors including conditioning reg-
imen (myeloablative versus reduced-intensity), donor type
(sibling or matched unrelated donor), time from trans-
plant, previous history of acute or chronic graft-versus-
host disease, and underlying disease on seroconversion
and seroprotection rates following H1N1 vaccination
(Table 1). The time from transplantation was the only sig-
nificant predictive variable: patients who achieved sero-
protection had a significantly longer transplant-to-
vaccination interval compared to patients who failed to
achieve seroprotection (6.5 versus 48 months; P=0.015).
Of note only two patients were on low dose immunosup-
pressive therapy with cyclosporine A, neither of whom
developed a seroprotective humoral response to vaccina-
tion.

H1N1-specific T-cell response to vaccination
The induction of virus-specific T-cell responses by

H1N1 vaccination was assessed directly ex vivo by flow
cytometric enumeration of antigen-specific CD8+ and
CD4+ T lymphocytes using an intracellular cytokine assay

for IFN-γ and TNF-α (Th1 effector cytokines). Peripheral
blood mononuclear cells were available for analysis at
baseline and at day 49 in 23 controls and 81 patients. Prior
to H1N1 vaccination, pre-existing T-cell responses against
2009 H1N1 influenza could be detected in 10/23 (43%)
controls compared to in 2/25 (8%) allogeneic SCT recipi-
ents (P=0.007), 2/28 (7%) patients with B-cell malignan-
cies (P=0.003) and 6/28 (21%) of CML patients (P=0.131).
Following vaccination, H1N1-specific T cells were

induced in a significant proportion of allogeneic SCT
recipients (2/25 pre-vaccine versus 10/25 post-vaccine;
P=0.008, McNemar’s test) and patients with B-cell malig-
nancies (2/28 pre-vaccine versus 10/28 post-vaccine;
P=0.008). There appeared to be no effect of prior
chemotherapy or time from transplant on the induction
of H1N1-specific T cells after two doses of vaccine (data
not shown). In contrast, there was no significant increase in
the proportion of individuals with an H1N1-specific T-
cell response following H1N1 vaccination in CML
patients (6/28 pre-vaccine versus 9/28 post-vaccine;
P=0.51) and healthy controls (10/23 pre-vaccine versus
11/23 post-vaccine; P=0.51) (Table 5). Online
Supplementary Figure S1 depicts the fluorescent activated
cell sorting plots from three representative patients and a
control with robust T-cell responses to H1N1 vaccines.
Furthermore, we did not find an association between

vaccine-induced T- and B-cell responses following H1N1
vaccination in the 81 patients for whom both day 49
peripheral blood mononuclear cells and sera were avail-
able; 19/81 patients mounted both cellular and humoral
responses to H1N1 vaccination, 10/81 patients had only
T-cell responses, and 41/81 patients had only antibody
responses. (P=0.32).

Discussion

A number of studies have examined the efficacy of vac-
cination with seasonal influenza in protecting against
influenza-like illnesses.3,6 Although the incidence of
proven influenza infection in the vaccinated population is
the preferred clinical endpoint, the low incidence of
influenza-like illnesses in these studies makes the sero-
protection rate an acceptable surrogate endpoint in nor-
mal controls10-13 and in the immunocompromised popula-
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Table 5. T-cell responses against 2009 influenza A H1N1. 
Value B-cell malignancies Allogeneic SCT CML Controls

n=28) (n=25) (n=28) (n=23)

Pre- H1N1 vaccination
Number of patients with T-cell responses against H1N1 influenza - (% ) 2/28 (7.1) 2/25 (8.0) 6/28 (21.4) 10/23 (43.5)
Median CD8+ T cells against H1N1 influenza, % (range)* 0.07 (0.03-0.12) 0.03 (0.03-0.03) 0 (0-0.09) 0.05 (0-0.08)
Median CD4+ T cells against H1N1 influenza. % (range)* 0.09 (0.08-0.11) 0.11 (0.07-0.16) 0.08 (0.06-0.27) 0.08 (0-0.15)
Day 49

Number of patients with T-cell responses against H1N1 influenza - (% ) 10/28 (35.7) 10/25 (40.0) 9/28 (32.1) 11/23 (47.8)
Median CD8+ T cells against H1N1 influenza, % (range)* 0.02 (0-0.14) 0.04 (0.01-0.19) 0.05 (0-0.08) 0.05 (0-0.12)
Median CD4+ T cells against H1N1 influenza, % (range)* 0.10 (0.05-0.34) 0.09 (0.06-0.55) 0.08 (0-0.30) 0.10 (0.06-0.27)
Frequencies of CD4+ and CD8+T cells expressing either TNF-α or IFN-γ in peripheral blood mononuclear cells (PBMC) stimulated with H1N1 vaccine are presented. Values are shown
with the background (unstimulated cells- negative control) subtracted. A response was considered positive if the percentage of antigen-specific IFN-γ or TNF-α expressing T cells
was 2-fold or higher compared to background (unstimulated PBMC) and if there was a minimum of 0.05% antigen-specific T cells (after subtracting the background). *Median and
range are calculated on samples with a positive T-cell response.



tion.3,6-7,14 In contrast, T-cell protection against influenza
remains poorly understood. In a study performed in eld-
erly patients, the antibody response to influenza was
reported not to be reliable at predicting risk for laborato-
ry-diagnosed influenza while the T-cell response – as
assessed by cytokine and granzyme B production – was
predictive for laboratory-diagnosed influenza.15 The same
group recently suggested a link between cell-mediated
immunity and influenza A/H3N2 illness severity in vacci-
nated older adults.16
The benefit of a seasonal influenza booster vaccine in

patients with hematologic malignancies remains contro-
versial despite a number of well-designed studies.14,17,18
Even less is known about the safety,  immunogenicity and
optimal dosing regimen of 2009 H1N1 vaccine in this
group of patients, although several investigators have
reported efficacy of single dosing in healthy adults and
children.10-13
Our data demonstrate that vaccination against 2009

pandemic H1N1 is associated with an acceptable safety
profile in patients with treated and untreated hematologic
malignancies. As previously reported,10-13 100% of healthy
controls in our study seroconverted after one dose of vac-
cine. In contrast, the level of humoral immunity induced
by the vaccine in patients appears to be influenced by
both the underlying malignancy and the time from last
chemotherapy or transplantation. The seroprotection
rates were significantly higher in patients with CML,
patients with B-cell malignancies who had never received
chemotherapy or who were vaccinated more than 12
months after chemo-immunotherapy and in intermediate
to long-term survivors of transplantation, compared to all
other groups.
The recovery of peripheral blood B-lymphocytes fol-

lowing rituximab-induced B-cell depletion begins 6
months after treatment19,20 and does not return to pre-
treatment levels for up to 1 year.21 Although the effect of
rituximab on the immunogenicity of seasonal influenza
vaccination remains unclear,14,22 it has been suggested that
rituximab negatively affects the ability to respond to
novel influenza antigens.22 Indeed, we recently showed
that patients treated with rituximab with confirmed
H1N1 infection fail to mount an antibody response to
H1N1.9 In our current study none of the patients treated
with rituximab within 6 months of vaccination achieved
detectable antibody titers to H1N1. However our results
show that the immune responses in untreated patients
with B-cell malignancies, those who are more than 6
months from treatment and allogeneic SCT recipients can
be substantially improved by a second dose of vaccine,
confirming the need for a booster in these groups of
patients. In view of the limited efficacy, the advisability
of vaccination in recently treated patients remains unclear
and must be balanced against the high degree of mortality
associated with H1N1 infection in the immunocompro-
mised. Reassuringly, the incidence and severity of side
effects were no greater in this group than in any other
cohort.
We also had the opportunity to evaluate the immuno-

genicity of H1N1 vaccine in patients with CML in chronic
phase stably treated with the tyrosine kinase inhibitors,
imatinib and dasatinib. Some of the tyrosine kinase tar-
gets of these drugs play a role in immune responses such
that there are theoretical reasons to postulate altered
immune reactivity. A number of reports have document-

ed seemingly contradictory immunomodulatory effects
of tyrosine kinase inhibitors, ranging from impaired T-cell
responses23-25 to enhanced responses to vaccination.26
Although this study was not designed to look at differ-
ences in vaccine-induced immune responses between
imatinib- and dasatinib-treated patients, our results sug-
gest that patients with CML treated with tyrosine kinase
inhibitors can mount effective immune responses to
H1N1 vaccination.
Seasonal influenza vaccine fails to produce cross-reac-

tive antibodies to pandemic H1N127 because H1N1 virus
and conventional influenza strains differ in their hemag-
glutinin and neuraminidase sequences, the two surface
proteins that are the primary targets of neutralizing anti-
bodies.28 In contrast, recent in vitro data show up to 69%
cross-reactivity in CD8+ T-cell epitopes derived from pan-
demic H1N1 and other seasonal influenza strains.28 Prior
to vaccination, pre-existing T-cell responses to H1N1
could be detected in a significant proportion of healthy
controls and CML patients, possibly related to previous
exposure to 2009 H1N1 virus but more likely due to the
presence of cross-reactive seasonal and pandemic H1N1
specific T cells.28 This possibility is supported further by a
recent study demonstrating the existence of cross-reactive
seasonal and 2009 H1N1-specific T cells of similar avidity
with a memory phenotype in healthy controls.29
Following vaccination, H1N1-specific T cells were
induced in a significantly greater proportion of allogeneic
SCT recipients and patients with B-cell malignancies than
in CML patients or healthy controls. The limited ability
of vaccination to significantly increase pre-existing
influenza-specific T cells has been previously reported
although the mechanism for this phenomenon has not
yet been fully elucidated.30,31 A potential mechanism could
be the exhaustion of influenza-specific T cells upon
repeated stimulation with the same influenza antigens.32
Combining cellular and humoral measures of vaccine

efficacy may increase the ability to predict the risk of
influenza illness. Indeed cellular immune responses to
influenza have been shown to correlate with protection
against influenza in the absence of strong serum antibody
responses among the elderly.15 Moreover, studies in
patients vaccinated against hepatitis B virus have demon-
strated persistence of HBsAg-specific memory T cells in
the circulation for a long time after vaccination, even
when serum anti-HBs antibodies were no longer
detectable.33 This phenomenon may also apply to ritux-
imab-treated patients in whom no antibody responses
were detected, yet cellular responses were present. It is
possible that the effector cytotoxic T cells seen in this
group can provide protection against H1N1 infection,
supporting vaccination for this subgroup of patients. We
found no significant correlation between the H1N1 vac-
cine-induced humoral and cellular immune responses.
Furthermore, none of the vaccinated patients in our study
contracted H1N1 infection; we are, therefore, unable to
evaluate the relationship between the development of
influenza illness, serum antibody titers and ex vivo cellular
immune responses to 2009 H1N1.
In summary, our results unequivocally support the

European Medicines Agency and the UK DoH guidelines
for the administration of two vaccine doses in patients
with B-cell malignancies and SCT recipients to induce a
protective immune response against 2009 H1N1 influen-
za. These data may also apply to vaccination against

H1N1 vaccination for onco-hematology patients
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other viral agents in the immunocompromised host and
warrant further studies. Based on the WHO analyses, it is
expected that the pandemic 2009 H1N1 virus will remain
globally predominant in 2010-2011.34 Our results may
contribute towards the development of evidence-based
guidelines for influenza vaccination in patients with
hematologic malignancies or other immunocompromised
hosts.
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