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INTRODUCTION

Although influenza infection is often a mild illness, it can be life

threatening in immunosuppressed patients [1]. This is an important

issue in the case of patients with cancer who have a higher risk of

serious influenza virus infection than healthy subjects. It is thus

suggested that children with cancer may be more susceptible to

complications of influenza [1–3].

Influenza infection can cause morbidity and mortality and high

risk of interruption or delaying chemotherapy in patients with

cancer [4]. To prevent such complications, vaccination is found to be

the primary strategy. The Advisory Committee on Immunization

Practice (ACIP) of the Centers for Disease Control and Prevention

(CDC), American Academy of Pediatrics (AAP) have recom-

mended annual vaccination against influenza, including children

and immunosuppressed people [5,6]. Also, the British Royal

College of Pediatrics and Child Health (RCPCH) have recom-

mended that influenza vaccine should be given annually in influenza

seasons to all patients receiving chemotherapy, and for those still

within six months of completion of chemotherapy [7].

Although patients with cancer may benefit from influenza

vaccine, there have been conflicting data concerning the immune

response to influenza vaccination in patients with cancer [8–19].

It is worth noting that about 65% of pediatric oncologists,

questioned in a recent study [20], routinely recommended yearly

influenza vaccination for children with cancer, while others did not,

because they thought that current influenza vaccine might not be

immunogenic in children being treated for cancer.

Influenza vaccines must be updated annually for the vaccine

antigens to match those of the circulating strains as influenza viruses

mutate frequently [21]. To evaluate the injectable inactivated

trivalent influenza vaccines, serum antibody responses measured by

the hemagglutination inhibition (HI) assay are found to be the

standard method [22].

Because of conflicting data concerning the immune response to

influenza vaccine in patients with cancer and the need for constant

evaluation of influenza vaccines, this study was undertaken to

provide further insight into immune response after the trivalent

inactivated influenza vaccine in children with hematologic cancer.

PATIENTS AND METHODS

The present controlled clinical trial was conducted from October

2007 to February 2008 at the Hematology/Oncology Center of

Bahrami Children’s Hospital in Tehran, Iran.

Study Design

Children aged 1–18 years with acute lymphoblastic leukemia

(ALL) in first remission and receiving maintenance therapy were

enrolled in this study. All patients were being treated, using the

Children’s Oncology Group (COG) ALL protocols. Treatment

involved 4 weeks of induction chemotherapy followed by 8 weeks of

consolidation and enterim maintenance. All patients then received

one cycle of re-induction (delayed intensification). Only those

patients who had completed their delayed intensification at least
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3 months earlier were eligible for enrollment. Maintenance therapy

involved daily oral 6 mercaptopurine and weekly oral methotrexate

and monthly pulse of oral corticosteroid and intravenous vincristine.

The exclusion criteria included previous history of influenza

vaccination, egg or egg products allergy, previous history of relapse,

history of receiving any plasma products or immunoglobulins in

90 days prior to or during 30 days after vaccination, absolute

neutrophil count (ANC) <1000/ml or lymphopenia <1,000/ml at

the time of vaccination, receiving other vaccine during the study,

history of receiving myeloablative therapy and hematopoietic stem

cell transplant (HSCT).

Thirty healthy siblings aged 1–18 years were eligible for

enrollment and served as healthy controls. In all procedures taken in

this study, we adopted the ACIP guideline of influenza vaccination.

For convenience, all immunizations were scheduled to coincide

with clinic visits for monthly pulse chemotherapy. Ethical approval

was obtained from Tehran University of Medical Sciences ethics

committee. Also, written consent was given by parents or guardian

of each child enrolled into the study.

Vaccine and Schedule

All children were vaccinated with trivalent inactivated

influenza vaccine (Influvac) licensed in Solvay Pharmaceuticals

(B. V. Netherlands) for 2007–2008 season. The vaccine was stored

between 2 and 88C. They contained influenza surface antigen–

surface hemagglutinin antigen (HA) from each of the strains:

A/Solomon Islands 3/2006 (H1N1), A/Wisconsin/67/2005 (H3N2),

and B/Malaysia/2506/2004-like strain per 0.5 cc dose. This vaccine

complies with the WHO recommendation (northern hemisphere).

The H1N1 antigen in the vaccine was different from influenza A/

Mexico/2008/H1N1.

All children received the vaccine subcutaneously according to

the following age-dependent. For children <36 months age, the

vaccine was given as two doses of 0.25 ml, 3–4 weeks apart; for

children 36 months–13 years age, two doses of 0.5 ml, 3–4 weeks

apart; and for children>13 years age, one dose of 0.5 ml. Previously

vaccinated children excluded from the study.

Sample Collection

After informed consent, a 10 ml blood sample was obtained from

each participant via peripheral vein before immunization and

4 weeks after vaccination. Blood centrifuged to separate serum. The

sera were immediately freezed and stored at �208C until laboratory

determination of HI antibody titers to the three antigens (H1N1,

H3N2, and B) included in the vaccine. Any paired sera (pre- and

post-vaccination) thawed once and tested on the same day using

identical reagents.

Adverse Reactions Records

Prospective evaluation of any adverse effect of vaccine was

obtained either by parental diary or telephone follow-up by study

personnel. Parents were requested to record any local or systemic

reactions for 5 days after vaccination.

Serological Analysis

Antibody levels were determined by serum HI. Susceptibility

was defined as pre-vaccination HI antibody titer <40. Protective

response was defined as achieving HI antibody titer �40 following

vaccination. The titer represents the level at which approximately

50% of individuals will be protected [23,24]. Sero-response was

considered as a fourfold or greater rise in HI antibody titer in

children who had titers�40 before vaccination or a rise from<10 to

�40 in those who were sero-negative.

Statistical Analysis

Data analyses were performed using the Statistical Package for

Social Sciences (SPSS version 16-0). Log transformation performed

for immune responses and results were measured as geometric mean

titers (GMT). Before and after immunization (paired samples)

comparisons were performed using the Wilcoxon-signed ranks test,

and comparisons between two groups (unpaired samples) were

performed using the Mann–Whitney U-test and three-way

comparisons performed by the Kruskal–Wallis test. Comparisons

of proportions were analyzed by Fisher’s exact test in all

independent cases and by the McNemar test in all dependent

comparisons. Statistical significance was considered as P< 0.05.

RESULTS

Study Population

Thirty-two patients with ALL on maintenance therapy

(male/female¼ 21/11) with mean age of 10.65� 4.1 years (median

10, range 1–18 years) and mean time on maintenance therapy of

14.5� 10.4 months (median 11 months), and 30 healthy siblings

(male/female¼ 16/14) with mean age of 10.8� 4.2 years (median

11.5, range 1–18 years) completed the study. No significant

difference was found among the proportion of gender and age

distribution in the two groups.

Susceptibility

Prior to vaccination, from the 32 patients, 16 (50%), 11 (34%),

and 31 (97%) showed HI titers less than the protective level (<40) to

H1N1, H3N2, and B, respectively. Eight (25%) patients were

susceptible to all subunits of virus in vaccine. In the healthy control

group, the percentage of children with titer less than 40 for H1N1,

H3N2, and B were, respectively, 17 (57%), 10 (34%), and 26 (87%).

Five (17%) healthy children were susceptible to all subunits of virus

in vaccine.

Vaccine-Mediated Protection

Pre-vaccine protection in patients with ALL and healthy controls

in the present study were 16 (50%) versus 13 (43%) against H1N1,

21 (66%) versus 20 (66%) against H3N2, and 1 (3%) versus 4 (13%)

against B antigen (P¼ 0.141, P¼ 0.132, and P¼ 0.072, respec-

tively).

The patients and healthy controls were evaluated for the

protective titer analysis to determine the proportion of patients/

healthy controls with increase in HI titers from <40 to �40. The

increase of HI titers from <40 to �40 in the patients were 11

(43.4%) for H1N1, 7 (63.3%) for H3N2 and 8 (26%) for B, whereas

15 (88%), 8 (80%), and 19 (73%) of the healthy controls showed

protective response for H1N1, H3N2, and B, respectively. Further

study of the results revealed that the protective response (HI titer

�40) for virus subunits among the susceptible patients and healthy
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controls for H1N1 and H3N2 antigens are not significantly differed,

but response rate for B antigen in patients was significantly lower

than healthy controls (P¼ 0.033).

GMT Analysis

The antibody titers to each of the three strains of influenza virus

before vaccination are shown in Table I. The pre-vaccine GMT for

H1N1, H3N2, and B antigens shows no significant difference

between patients and healthy controls (P¼ 0.873, P¼ 0.946,

P¼ 0.136, respectively). The results of comparing post-vaccine

GMT values for each of the three antigens for both patient and

healthy control groups are depicted in Table II. This table reveals

that a significant difference was observed (P¼ 0.041) only for

H3N2. The significant response to each virus in patients following

vaccination was demonstrated in the analysis of pre- and post-

vaccination GMT (P¼ 0.001). The results are depicted in Table III,

showing the response to each virus in patients with ALL.

Immune Response

The response rate analysis showed that the percentage of patients

with fourfold increase in HI titers were 56.2% for H1N1, 40.6% for

H3N2, and 59.4% for B, while the percentages of healthy controls

with fourfold increase in HI titer were 80%, 53.3%, and 83.3% for

H1N1, H3N2, and B, respectively (Table IV). The results given in

Table IV showed that the response rate for H1N1 and B was

significantly lower in the patients than the healthy controls (P¼ 0.04

and P¼ 0.038, respectively).

Adverse Reaction Assessment

Complete reactogenicity data were available from 35 of overall

62 participants (56%). The vaccine was well tolerated in the two

patient and healthy control groups and did not cause any significant

local or systemic adverse reactions. Axillary temperature >37.88C
during 5 days after vaccination was reported only in two patients and

one healthy control. Rates of mild to moderate pain, swelling and

redness at the injection site 24 hr after vaccination were 0%, 1%, and

1%, respectively, in the patient group and 0%, 0%, and 1%,

respectively, in the healthy control group. Rates of adverse reaction

did not differ by dose or numbers of vaccine. No relapse was

observed during study and at least 3 months after completion of

vaccination.

DISCUSSION

This study, which was carried out for the first time in the Middle

East, demonstrated that the trivalent, inactivated influenza vaccine

was tolerated well in children on maintenance chemotherapy for

ALL with acceptable but limited immune response compared to

the healthy controls. Results of recent studies on inactivated

trivalent influenza vaccine have shown immune response in children

with any kind of malignancy but weaker as compared to healthy

control [8–19]. There were, however, conflicting findings about the

effect of different variables such as age, type of malignancy,

intensity and type of chemotherapy, leukocyte count at the time of

vaccination, time of vaccination, correlation to chemotherapy,

vaccine dose and previous history of influenza vaccination [8–19].

For example, the study carried out by Porter et al. [15] indicated that

sero-response in children receiving maintenance therapy for ALL

were significantly low to the subunits of viruses in the trivalent

inactivated influenza vaccine as compared to the healthy control

group. This finding was in contrast with that concluded in similar

studies both carried out by Brydak et al. [25,26], in which significant

sero-response to the influenza vaccine were found. These conflicting

results could be related to the history of previous vaccination against

influenza in a great percentage of healthy controls in the study by

Porter et al. [15] and the completion of chemotherapy by most of the

patients in the study by Brydak et al. [25,26]. In the present study, we

tried to minimize some of these confounding variables, including

the type of malignancy, intensity and type of chemotherapy,

leukocyte count at the time of vaccination, time of vaccination,

correlation to chemotherapy, and previous history of influenza

vaccination. Also, another important feature of the present study

was the enrollment of patients’ siblings in the study as the healthy

controls.

In the present study, sero-responses were detected in 56.2%,

40.6%, and 59.4% of patients compared to 80%, 53.3%, and 83.3%

of the healthy controls against H1N1, H3N2, and B, respectively,

indicating that immune response in patients is comparable to the

healthy controls at least for H3N2. These findings are in agreement

with those obtained by Matsuzaki et al. [17] and Hsieh et al. [27] in

which sero-response in children with ALL were 40–63.3% and 24–

60%, respectively. However, they are in contrast to earlier results of

Porter et al. [15] in patients treated for ALL, in which significantly

low response to the subunits of viruses in the vaccine was found.

This could be related to the possible contribution of the history of
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TABLE I. Comparison of Patients With ALL and Healthy Control
in Terms of Pre-Vaccine Immune Status

H1N1 (GMT,

95% CI)

H3N2 (GMT,

95% CI)

B (GMT, 95%

CI)

Patients 32.5 (24.8–42.6) 54 (40–77) 12.8 (10.6–15.2)

Control 31.5 (23–44) 54 (35.2–83) 17 (12.3–23.4)

P 0.873 0.946 0.136

TABLE II. Comparison of Patients With ALL and Healthy
Control in Terms of Post-Vaccine Immune Response

H1N1 (GMT,

95% CI)

H3N2 (GMT,

95% CI) B (GMT, 95% CI)

Patient 52.87 (37.7–73.8) 81.87 (55.8–120) 25.41 (18.5–35)

Control 76.38 (55–106.4) 145.41 (100–212.5) 38.07 (26.6–54.3)

P 0.13 0.041 0.106

TABLE III. Pre- and Post-Vaccination GMT to Each Virus
Following Vaccination in Patients With ALL

Pre-vaccine, GMT

(95% CI)

Post-vaccine, GMT

(95% CI) P

H1N1 32.57 (24.88–42.65) 55.86 (39.33–79.29) 0.001

H3N2 55.08 (39.58–76.65) 101.69 (71.45–144.74) 0.001

B 12.75 (10.66–15.24) 27.32 (19.03–39.23) 0.001
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previous vaccination in the vast majority of healthy controls to their

respective results.

The most recent studies of trivalent influenza vaccination in

children with ALL have demonstrated protective response rates of

60–65% [15] or 24–60% [27] for different viral strains. In the

present study, the protective response (�40) was in 26–65.6%

patients and 73–88% healthy controls. These results show that

protective response in patients is comparable with that suggested in

similar studies on ALL patients [15,27] but is significantly lower

than healthy controls.

The values of protective pre-vaccination HI antibody titers are in

agreement with those obtained by Chisholm et al. [18] for patients

with solid tumor (35%, 58%, and 10% against H1N1, H3N2, and B,

respectively). Also, the pre-vaccine ratios of protection in

both studies are low against subunit B in both the patient and

healthy control groups. In a similar study carried out by Bektas et al.

[19], the respective values were 52%, 53%, and 44%. In the present

study, there was a significant percentage of patients and healthy

controls with protective pre-vaccination antibody titer against at

least one of the influenza strains in the vaccine. This could be

due to previous natural exposure to wild influenza viruses in the

community.

Similar to the study done by Chisholm et al. [18] on patients with

solid tumors, the present study showed poorer response rate to

influenza B in both patients with ALL and healthy siblings as

compared to influenza A. Furthermore, the analysis of pre- and post-

vaccination GMT showed significant response to each viral subunit

in patients (P¼ 0.001).

The interpretation of the results of various studies is difficult

because of small sample size and other uncontrollable variables. The

present study detected the immune response in patients with cancer,

but the clinical efficacy of the vaccine for prevention of influenza

infection is still unknown.

In view of acceptable immune response in patients with cancer

and no reported serious adverse effect to the vaccine and regarding

mortality and morbidity of influenza infection, clinicians can follow

the AAP and ACIP recommendations for annual vaccination of

children and immunosuppressed people [5,6]. However, further

research with larger sample size could shed more light to approving

the pre- and post-vaccination status of immunity to influenza in

children with cancer as well as answering the questions on timing

and dose of the vaccine.
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