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AbstrAct
bAckground: Cancer patients often experience preventable infections, including influenza A and B. These infections can be a cause of significant 
morbidity and mortality. The increased risk of infection may be because of either cancer itself or treatment-induced immunosuppression.1 Influenza immuni-
zation has been shown to decrease the risk of influenza infection in patients with intact immunity.2 In cancer patients, active immunization has been shown 
to confer protective immunity against several infections at similar rates to healthy individuals, which has translated into decreased duration and severity of 
infection and potentially improved morbidity and mortality.3

objectives: 1. To assess the efficacy of influenza vaccination in stimulating immunological response in patients with cancer during chemotherapy 
compared to control groups.
2. To assess the efficacy of influenza vaccination in preventing confirmed influenza and influenza-like illness and/or stimulating immunological response in 
children with cancer treated with chemotherapy, compared to placebo, no intervention, or different dosage schedules.
3. To determine the adverse effects associated with influenza vaccination in patients with cancer.
seArch methods: We searched MEDLINE/PubMed database for articles published from 1964 to 2013 using the search terms “cancer,” “adult,” 
“influenza vaccination,” and “chemotherapy.”
selection criteriA: We included studies based on systematic sampling with defined clinical criteria irrespective of the vaccination status of can-
cer patients. Studies measure the serological response or clinical response to compare between the study group and the control group. Studies assessed the 
inactivated influenza vaccines and live attenuated influenza vaccine (LAIV) protective serological reaction and the clinical outcomes after vaccination.
dAtA collection And AnAlysis: Two independent authors assessed the methodological quality of included studies and extracted data.
mAin results: We included 16 studies (total number of participants = 1,076). None of the included studies reported clinical outcomes. All included 
studies reported on influenza immunity and adverse reaction on vaccination. We included 6 solid tumor studies and 10 hematological studies. In 12 studies, 
the serological response to influenza vaccine was compared in patients receiving chemotherapy (n = 425) versus those not receiving chemotherapy (n = 376). 
In three studies, the serological responses to influenza vaccination in patients receiving chemotherapy are compared to that in healthy adult. Measures used to 
assess the serological responses included a four-fold rise increase in antibody titer development of hemagglutination inhibition (HI) titer .40, and pre- and 
post-vaccination geometric mean titers (GMTs). Immune responses in patients receiving chemotherapy were consistently weaker (four-fold rise of 17–52%) 
than in those who had completed chemotherapy (50–83%) and healthy patients (67–100%). Concerning adverse effects, oncology patients received influenza 
vaccine, and the side effects described were mild local reactions and low-grade fever. No life-threatening or persistent adverse effects were reported.
Authors’ conclusion: Patients with solid and some of hematological tumors are able to mount a serological response to influenza vaccine, but it 
remains unclear how much this response protects them from influenza infection or its complications. Meanwhile, influenza vaccine appears to be safe in these 
patients. While waiting results of randomized controlled trials to give us more details about the clinical benefits of the influenza vaccination, the clinicians should 
consider the currently proved benefits of influenza vaccination on management of the cancer patients undergoing systematic chemotherapy such as decrease in 
the duration and severity of the of the disease, and significant decrease in influenza-associated morbidity and mortality in these high-risk patients.3

keywords: influenza vaccination, cancer patients, chemotherapy

CITaTIon: Shehata and Karim. Influenza Vaccination in Cancer Patients Undergoing Systemic Therapy. Clinical Medicine Insights: Oncology 2014:8 57–64 doi: 10.4137/CMO.s13774.

ReCeIVed: December 4, 2013. ReSUbmITTed: January 19, 2014. aCCePTed foR PUblICaTIon: January 20, 2014.

aCademIC edIToR: William C.S. Cho, Editor in Chief

TYPe: Review

fUndIng: Authors disclose no funding sources.

ComPeTIng InTeReSTS: Authors disclose no potential conflicts of interest.

CoPYRIghT: © the authors, publisher and licensee Libertas Academica Limited. This is an open-access article distributed under the terms of the Creative Commons CC-BY-NC 3.0 
License.

CoRReSPondenCe: karimnf@ucmail.uc.edu

This paper was subject to independent, expert peer review by a minimum of two blind peer reviewers. All editorial decisions were made by the independent academic editor. All authors 
have provided signed confirmation of their compliance with ethical and legal obligations including (but not limited to) use of any copyrighted material, compliance with ICMJE authorship 
and competing interests disclosure guidelines and, where applicable, compliance with legal and ethical guidelines on human and animal research participants.

http://www.la-press.com
http://www.la-press.com
http://dx.doi.org/10.4137/CMO.S13774
mailto:karimnf@ucmail.uc.edu


Shehata and Karim

58 CliniCal MediCine insights: OnCOlOgy 2014:8

background
Cancer patients often experience preventable infections, 
including influenza A and B. These infections can be a cause 
of significant morbidity and mortality. The increased risk of 
infection may be because of either cancer itself or treatment-
induced immunosuppression.1

Infection often delays the anticancer therapy, worsening 
the oncologic outcome. Each year, influenza infectious adverse 
events contribute to up to 36,000 deaths and 226,000 hos-
pitalizations in general population.2 Influenza virus-related 
mortality can reach up to 9% in cancer patients undergoing 
active therapy.3

Influenza immunization has been shown to decrease the 
risk of influenza infection in patients with intact immunity.4 
In cancer patients, active immunization has been shown to 
confer protective immunity against several infections at simi-
lar rates to healthy individuals, which has translated into 
decreased duration and severity of infection and potentially 
improved morbidity and mortality.5

However, it is currently unclear whether patients undergo-
ing systemic chemotherapy can achieve ideal serologic responses 
to vaccines. Knowledge regarding vaccine efficacy, safety, and 
ideal timing in this patient population is still limited.

Although the Centers for Disease Control and Pre-
vention (CDC) recommends annual influenza vaccination 
for high-risk population, including health care workers, the 
elderly, and patients who are immunosuppressed or have 
chronic medical conditions and malignancies, only less than 
50% of patients receiving chemotherapy routinely receive the 
influenza vaccination.3,5,6

influenza virulence. In the United States, annual epi-
demics of influenza occur typically during the late fall through 
early spring. Influenza viruses can cause disease among per-
sons in any age group, but rates of infection are the highest 
among children.7–9 Rates of serious illness and death are high-
est among persons aged $65 years, children aged ,2 years, 
and persons of any age who have medical conditions that place 
them at increased risk for complications from influenza.7,10 
Influenza may also result in secondary bacterial pneumonias, 
sinusitis, ear infection, or a worsening of chronic respiratory 
condition.11,12 There are main two types of influenza virus, 
type A and B, that are responsible for the majority of cases 
of severe disease in humans. Influenza A is further classified 
based on the presence of two surface antigens, hemagglutinin 
(HA) and neuraminidase (NA), and influenza B is separated 
into two genetic lineages, Yamagata and Victoria.2,12 Any  
changes in the amino acid sequences of HA and/or NA 
result in seasonal epidemics. In April 2009, a novel influenza  
A (H1N1) virus, often referred to as pdm 2009 A/H1N1, that 
is similar to but genetically and antigenically distinct from 
influenza A (H1N1) viruses previously identified in swine was 
determined to be the cause of respiratory illnesses that spread 
across North America and were identified in many areas of 
the world by May 2009.13,14 Influenza morbidity caused by 

the pdm 2009 A/H1N1 remained above seasonal baselines 
throughout spring and summer 2009 and was the cause of the 
first pandemic since 1968. The pdm 2009 A/H1N1 has now 
mostly replaced the H1N1 virus that was previously circulat-
ing in humans.2

cancer and immunization. Cancer increases the risk 
of complications from influenza, including recurrent hospi-
talization and death.15 In cancer patients, altered humoral 
and cellular immunity has been noted.16,17 Moreover, many 
cancer patients are treated with cytostatic and immunosup-
pressive drugs, and chemotherapy has also been associated 
with various disorders.17 For these reasons, patients with 
cancer may be considered a high-risk group who are at risk 
of particularly serious post-influenza complications and who 
should be immunized against influenza before every epidemic 
season. In a study of patients with solid tumors, such as lung 
and breast cancer, who were not undergoing systemic chemo-
therapy, the patients were able to mount protective antibody 
titers to influenza vaccination that approached the level of 
healthy controls.17 Protective antibodies after vaccination in 
this population were significant when compared with patients 
receiving chemotherapy, and there were no major complica-
tions attributable to vaccination.18 Patient with lung cancer, in 
particular, developed protective antibody responses to influ-
enza vaccine, which did not appear to be affected by systemic 
steroid treatment, recent chemotherapy, or lung cancer histol-
ogy.5 Influenza vaccination coverage is currently low among 
cancer patients undergoing systemic treatment: only 18% in 
the 18–49-year group and 32% in the 50–64-year group.19 
CDC recommends that people who live with or care for a 
person at high risk for flu-related problems get the flu shot 
too. This means that if you are being treated for cancer, your 
family members, caregivers, and children at home should get 
the flu shot.2

methods
The MEDLINE/PubMed database was reviewed for articles 
published from 1964 to 2013 using the search terms “cancer,” 
“adult,” “influenza vaccination,” and “chemotherapy.” Studies 
included in this review meet one of these criteria:

1. Study based on systematic sampling with defined clini-
cal criteria irrespective of the vaccination status of cancer 
patients.

2. Study assessed inactivated influenza vaccines and live 
attenuated influenza vaccine (LAIV) protective serologi-
cal reaction among cancer patients.

3. Study assessed the clinical outcomes and immune 
response after vaccination among cancer patients.

4. Study showing the efficacy of influenza vaccination 
among different types of cancer.

5. Study assessed the potential benefits and complications 
of vaccination among cancer patients.

6. Study assessed the timing of vaccination.
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7. Study reported overall vaccine efficacy against all 
circulating influenza strains.
search methods. A total of 251 studies were identified in 

initial PubMed database search of key words. In all, 52 studies 
were selected based on reviewing the abstracts of the 251 stud-
ies. These 52 studies were handling the same topic of interest 
of our review. After reviewing the 52 studies, only 16 stud-
ies met our inclusion criteria and reviewed the full articles 
in depth. We further divided the articles’ outcomes among 
the selected population having different types of underlying 
cancer disease, solid versus hematological tumors (Fig. 1). We 
focused in our analysis of the selected papers on the time vac-
cination in patients on chemotherapy versus patients out of 
therapy. We kept our attention also on the type of outcome 
measurement of the vaccination efficacy and protective titer 
used in the studies versus clinically based influenza flue-like 
illness disease.

data extraction. The two review authors independently 
performed data extraction using standardized forms. We 
extracted data on the characteristics of the participants (tumor 
type, anticancer treatment received, timing of vaccination, 
measurement of the vaccination efficacy, and series of vac-
cine administrations) and outcomes measures (immunological 
response to vaccination, laboratory response, hospitalization, 

length of stay in the hospital, and pneumonia). We examined 
and discussed the articles until consensus was made.

Assessment of risk of bias in included studies. The 
two review author’s independently assessed trial quality. We 
assessed mythologies of the included study and contacted study 
authors for additional information where necessary. Disagree-
ments were resolved by discussion among the review authors.

main results. We included 16 studies (total number of par-
ticipants = 1,076). None of the included studies reported clinical 
outcomes. All included studies reported on influenza immunity 
and adverse reaction on vaccination. We included 6 solid tumor 
studies and 10 hematological studies. In 12 studies, the sero-
logical response to influenza vaccine was compared in patients 
receiving chemotherapy (n = 425) versus those not receiving che-
motherapy (n = 376). In three studies, the serological responses 
to influenza vaccination in patients receiving chemotherapy are 
compared to those in healthy adult. Measures used to assess the 
serological responses included a four-fold rise increase in anti-
body titer development of hemagglutination inhibition (HI) 
titer .40, and pre- and post-vaccination geometric mean titers 
(GMTs). Immune responses in patients receiving chemotherapy 
were consistently weaker (four-fold rise of 17–52%) than in those 
who had completed chemotherapy (50–83%) and healthy patients 
(67–100%). Concerning adverse effects, oncology patients 

6 studies showed an acceptable
protective serological response and 

significance of influenza vaccination in
 the solid tumors 

16 studies further divided up to the type of tumor 6 Solid
tumors   

10 HEAM
tumors   

6 studies showed an acceptable
protective serological response and 

significance of influenza vaccination in 
the Heam tumors 

6 studies didn’t showed an acceptable
protective serological response or 

significance of influenza vaccination in 
the Heam tumors 

251 studies were potentially eligible identified by data base search key words

251 studies’ abstracts were reviewed 

16 studies were eligible to our inclusion criteria and reviewed in depth

figure 1. Review strategy. 
note: N.B, Two studies included solid and heamatological tumors together at the same study and showed an acceptable protective serological response and 
significance of influenza vaccination in solid tumors and non-significance of influenza vaccinations in patients with hematological tumors at the same study.
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received influenza vaccine, and the side effects described were 
mild local reactions and low-grade fever. No life-threatening or 
persistent adverse effects were reported.

outcomes. Influenza immunity (difference in pre- and post-
influenza vaccination HI antibody titer). All the 16 sampled 
studies determined the efficacy of vaccination by measuring 
HI titer, a serum antibody titer of 40 or four-fold rise increase 
in HI titer which is normally considered protective in healthy 
individuals. Seven studies defined as protective the develop-
ment of HI titer of .40. Two studies defined as protective the 
development of HI titer of .20.

Laboratory-confirmed influenza infection within the epi-
demic period. They were not reported outcome measures. 
There are no stated methods used to identify influenza 
infection.

Influenza-like illness, pneumonia, hospitalization, length of 
stay, delay in chemotherapy, and mortality. They were not reported 
as an outcome measure in any of the included studies.

comparisons related to the efficacy of the influenza 
vaccination in adult cancer patients during chemotherapy 
compared with that in other control groups 

comparison 1: Influenza immunity in vaccinated patients 
receiving chemotherapy with those in vaccinated patients  
off chemotherapy.

Three studies20–22 (Table 3) reported on this compari-
son. Result on protective HI titer, four-fold rise in antibody 
titer in pre and post-vaccination immune assay. The analysis 
shows that the serological responses to influenza vaccination 
in adult receiving chemotherapy were weaker than in those 
completed chemotherapy.

comparison 2: Influenza immunity in vaccinated 
patients receiving chemotherapy with those in vaccinated 
healthy adult

A total of 12 studies (Tables 1–3) reported on this com-
parison. Result on protective HI titer, four-fold rise in anti-
body titer in pre- and post-vaccination immune assay. The 
analysis shows that the serological response in patients receiv-
ing chemotherapy was weaker than those in healthy controls. 
Meanwhile, these patients under chemotherapy still mount a 
protective (HI) immune antibody titer.

comparison 3: Influenza immunity in vaccinated 
patients receiving chemotherapy in solid tumors with those 
receiving chemotherapy in hematological tumors

In all, 16 studies (Tables 1–3) reported on this compari-
son. The analysis shows 6 studies (Table 1) with solid tumors 
mounted a protective HI titer and 12 studies with hematologi-
cal tumors, and concluded with vaccination recommendation. 
Six studies (Table 2) with hematological tumors mounted a 
protective HI titer and concluded with vaccination recom-
mendation, whereas the other six studies (Table 3) with hema-
tological tumors did not find a significance of vaccination and 
they did not recommend vaccination.

comparison 4: Influenza immunity in two vaccination 
schedules in patients receiving systemic chemotherapy

Two studies23,24 reported on this comparison. One study 
(Table 1) reported significance of two vaccination schedules. 
The other study (Table 2) showed no significance of two doses 
of vaccination.

discussion
Cancer and influenza vaccination issue is still unconcluded 
especially in patient with cancer undergoing systemic che-
motherapy. This specific group of patients seems to have 
an increased risk of infection for which influenza vaccine 
may offer additional protection and significant benefit.5,17,25 
There are positive data in the majority of the studies 
reviewed showing vaccine efficacy and serological protective 
levels in patients with solid tumors such as breast cancer 
and lung cancer.5,17On the other hand, some other stud-
ies found that immunization has no benefit in providing 
adequate sero-conversion, especially in patients with lym-
phomas; hence, they did not recommend the vaccination in 
these patients.24,26,27

serological response. Matsuzaki et al compared the sero-
logical response of children with cancer to influenza vaccine 
with those of healthy children, although the response in chil-
dren actively receiving chemotherapy was significantly weaker 
than that in children having completed chemotherapy. How-
ever, they recommended vaccination and suggested other large 
and outside Japan studies needed in future.28 Robertson et al 
confirmed that patients with multiple myeloma are suscep-
tible to infection with Streptococcus pneumoniae and influenza 
and demonstrate impaired ability to mount a good humoral 
response to vaccination. In particular, the extremely poor 
response to influenza vaccination calls into question the policy 
of vaccinating patients with myeloma using a conventional 
single-shot influenza vaccine. This small study was unable to 
address many other clinical variables that will be of relevance 
such as vaccination responses in MGUS (monoclonal gammo-
pathy of uncertain significance) or untreated myeloma and in 
early versus late diseases, and emphasized that further studies 
are needed.22

safety and timing. Safety is a very important issue in 
vaccination in these particular patients. Sommer et al added 
that the use of inactivated vaccines in cancer patients is 
safe, but the ability of a cancer patient to mount an immune 
response is significantly dependent on the time of vaccine 
administration in relation to time of chemotherapy admin-
istration and added that patients with solid tumors receiving 
myelosuppressive chemotherapy should be vaccinated only 
with inactivated or attenuated vaccines, as clinically indi-
cated. They emphasized that vaccines should be administered 
at a minimum of two weeks before or post-chemotherapy 
administration for optimal benefit to the patient.6 Gross et al 
reported that continual chemotherapy is required during the 
induction and maintenance treatment of individuals with 
malignancies, and the decision to interrupt chemotherapy 
for one month is to permit an adequate antibody response 
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to influenza immunization. Timing was very controversial. 
Ortbals et al confirmed that influenza infection is more 
severe in patients with neoplastic disease, may require inter-
ruption of antineoplastic therapy, and depresses immune 
responses that theoretically might adversely affect the course 
of an infection or increase infection rates in patients with 
cancer. Therefore, vaccination to prevent influenza is indi-
cated in these patients.29

Brown et al concluded that two months are needed for influ-
enza vaccination after completion of chemotherapy.30 Chrisholm 
et al added children with acute lymphocytic leukemia (ALL), and 
supported the recommendation that all children receiving che-
motherapy for cancer and those within six months of completing 
therapy should undergo annual influenza immunization.

cost and dosage series. Molinari et al conducted a study 
to measure the annual impact of influenza vaccination and 

the cost and concluded immunization against influenza can 
effectively reduce the annual economic burden of influenza in 
the United States.31

CDC or Advisory committee on immunization practices 
(ACIP) still doesn’t recommend increasing in dose series in 
healthy adults although a study of non-Hodgkin lymphoma 
(NHL) receiving chemotherapy proved that 50% had a high 
HI titer who received two doses of influenza vaccination versus 
only 42% for the patients who received one dose of influenza 
vaccination.25,32,23 It has been proven in healthy adult popula-
tion that higher dosages of influenza vaccination provide a good 
result and improvement in the level of HI titer.33 However, other 
studies showed that high dosage influenza vaccination in NHL 
produces better responses and is well tolerated by the patients.34

Debate is still ongoing on the optimal vaccination of 
patient with cancer undergoing chemotherapy. Many studies 

Table 1. Outcomes of immunogenicity studies of influenza vaccination in adult patients with solid tumors which recommend vaccination.

aRTICle’S TITle SeleCTed  
PoPUlaTIon 

TReaTmenT aT TIme  
of VaCCInaTIon 

meaSURe of  
effICaCY

ReSPonSe oUTComeS 

Responses of Patients  
with Neoplastic  
Diseases to Influenza  
Virus Vaccine18

Patients with  
cancer (n = 17);  
patients with  
solid tumors  
(n = 15); controls  
(n = 15)

Multi-agent  
chemotherapy (n = 8);
single-agent  
chemotherapy (n = 7);  
immunotherapy (n = 2)

hi titer .40 41%–47%, v 67%  
for controls

Vaccination  
recommended 

Sero-conversion after  
influenza vaccination  
in patients with lung  
cancer3

Lung cancer  
(n = 59)

Received chemotherapy  
in the preceding month  
(n = 14); receiving oral  
steroids (n = 22)

hi titer .40 83% Vaccination  
recommended

humoral immune  
response after  
vaccination against  
influenza in patients  
with breast cancer17

Breast cancer  
(n = 9); controls
(n = 19)

Mitomycin or CMF (n = 6) hi titer .40 89% v 100% controls Vaccination  
recommended

Randomized trial of  
influenza vaccine  
with granulocyte  
macrophage
colony-stimulating  
factor or placebo in  
cancer patients35

Unspecified tumor  
types (n = 133),  
observed over  
3 year period

n/a hi titer .40 21% to 60% responded,  
depending on year and  
influenza subtype

Vaccination  
recommended

Impaired serum  
antibody response  
to inactivated  
influenza A and B  
vaccine in cancer  
patients36

Breast cancer  
(n = 13); not
reported (n = 3);  
controls (n = 27)

Breast cancer patients  
received
Cyclophosphamide,  
MTX, FU (n13)

4 Fold increase  
in hi titer

50% v 93% controls Recommended  
vaccination for patient  
with solid tumors but  
doesn’t recommended  
for hematological  
malignancies 

Antibody response  
to influenza  
immunization  
in adult patients with  
malignant disease21

Various tumor  
types (n = 53);
controls (n = 15)

Various regimens,  
including XRT (n = 39);  
untreated (n = 14)

4 Fold increase  
in hi titer

Significantly lower rates  
of Sero-conversion v
controls

Recommended  
vaccination for solid  
tumor and poor for  
hematological tumors 

abbreviations: MTX, methotrexate; FU, fluorouracil; cyclophosphamide; XRT, radiation therapy; CMF, cyclophosphamide, methotrexate, fluorouracil;  
HI, heamagglutinin inhibition.
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handled this issue in depth, but each study has its supportive 
and unsupportive evidences regarding the timing of vacci-
nation. Some studies supported vaccination during chemo-
therapy cycle,29 whereas other studies reveal the opposite 
meaning that the patients who completed the course che-
motherapy have better responses than patients vaccinated at 
active treatment course.

Authors’ conclusions
implication for practices. In national guidelines, 

it is recommended that patients who are being treated for 
cancer should be vaccinated against influenza. The full pic-
ture and the clinical evidence from randomized controlled 
studies to support this recommendation are still lacking. 
We can conclude from the articles included in this review 

that patients with solid and hematological tumors are able 
to mount an immune response to influenza vaccine, but it 
remains unclear whether this immune response fully protects 
them from influenza infection or its complications. We can 
emphasize that influenza vaccine appears to be safe in these 
patients. While awaiting results of randomized controlled 
trials addressing the complete picture of the clinical ben-
efits from influenza vaccination, the clinicians must consider 
the benefits of influenza vaccination such as decrease in the 
duration and severity of the disease and significant decrease 
in influenza-associated morbidity and mortality in these 
high-risk patients.5

implication for research. A well-designed prospec-
tive, multi-center, randomized controlled trial of influ-
enza vaccination in patients being treated for cancer is  

Table 2. Outcomes of immunogenicity studies of influenza vaccination in adult patients with hematological tumors which recommend 
vaccination.

aRTICle’S TITle SeleCTed  
PoPUlaTIon 

TReaTmenT aT  
TIme of VaCCInaTIon 

meaSURe of
effICaCY

ReSPonSe oUTComeS 

Response to  
influenza A vaccine  
among high-risk
patients37

Hematologic 
malignancies
(n = 31); controls
(n = 41)

Maintenance  
treatment (n = 14);  
cyclic chemotherapy
(n = 7); untreated
(n = 10)

4 fold rise  
increase in  
hi titer 

52% v 78% for controls  
in first strain; 32% v 56%  
for controls in
second strain

Vaccination  
recommended

Antibody response  
to a two-dose influenza  
vaccine regimen in  
adult lymphoma  
patients on  
chemotherapy23

Lymphoma  
(n = 41)

Doxorubicin (66%);
cyclophos (56%);
etoposide (46%);  
ara-c(39%); cisplatin  
(39%);bleomycin (37%);  
VCR (29%); mesna  
(29%); steroids (100%);  
some alpha-interferon

4 fold rise  
increase in  
hi titer

42% after single shot;  
50% after second  
vaccination

Recommended  
vaccination of  
2 doses regimen

Humoral response  
to hemagglutinin  
components of  
influenza vaccine  
in patients with  
non-Hodgkin  
malignant  
lymphoma38

NHL (n = 32);  
controls
(n = 32)

Immunosuppressive  
drugs (n = 16); “not  
subjected to this  
therapy” (n = 11);
unaccounted for (n = 5)

HI MFI,
seroprotection,
RR

MFI from 9.3 to 12.2  
v27.6 to 44.3 for  
controls; lymphoma
Sero-protection rate
increased from 59% to  
69% v 91% to 97% for  
controls and RR went  
from 47% to 69% v 84%  
to 88% for controls

Vaccination  
recommended

Influenza immunization  
of adult patients with  
malignant diseases29

Hematologic  
malignancies  
(n = 21); solid  
tumors (n = 21);  
controls (n = 96)

n/a hi titer .20 GMT 55.6, v 110 for
controls; 67%
response rate v 94%
for controls

Vaccination  
recommended

Influenza virus vaccine  
in B-cell chronic  
lymphocytic
leukemia patients39

CLL (n = 43);  
controls
(n = 10)

Untreated (n = 26);
Chlorambucil  
,20 days before  
vaccination
(n = 17)

hi titer .20 56% v 100% for  
controls at 60 days
Post-vaccination

Vaccination  
recommended

Influenza vaccine  
in chronic  
lymphoproliferative  
disorders and
multiple myeloma40

LPP disorders  
(n = 34);
controls (n = 34)

treatment with  
combination
of multiple regimens,
including  
cyclophosphamide,  
prednisone, CHOP,
MOPP, ABVD,
melphalan, VAD, XRT
(n = 24)

hi titer .40 76%, 62%, and  
65% seroprotection  
to 3 strains v 97%,  
82% and 97% for  
controls

Vaccination  
recommended

abbreviations: XRT, radiation therapy; CLL, chronic lymphocytic leukemia; HD, Hodgkin’s lymphoma; GMT, geometric mean titre; NHL, non-Hodgkin’s lymphoma; 
LPP, Lymphoproliferative; MFI, mean fold increase; HI, heamagglutinin inhibition.
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necessary. This trial should have a low risk of bias and should 
measure carefully the clinical relevant outcomes, includ-
ing laboratory-confirmed influenza infection, hospitaliza-
tions, hospital length of stay, and pneumonia. This study 
should be conducted in large-scale population. The purpose 
of this study is to give the clinical evidence of benefits of 
influenza vaccination in patients with cancer undergoing  
systemic chemotherapy.

limitations
The included studies used different immunization schedules 
according to guidelines from different eras. These studies 
were published in the last 50 years. Studies’ population is 
from different age groups. Age is a possible confounder for 
immune response. The included studies had relatively small 
sample sizes. The results described are all based on separate 
small studies. Larger trials are needed to verify the result of 
these studies.

Author contributions
MS, NK conceived and designed the study. MS analyzed 
the data. MS wrote the first draft of the manuscript. MS 
contributed to the writing of the manuscript. MS, NK 
agreed with manuscript results and conclusions. MS, 
NK jointly developed the structure and arguments of 
the paper. MS, NK made critical revisions and approved 
the final version. All authors reviewed and approved the 
final manuscript.
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aRTICle’S TITle SeleCTed  
PoPUlaTIon 

TReaTmenT aT TIme  
of VaCCInaTIon 

meaSURe of
effICaCY

ReSPonSe oUTComeS 

Immunogenicity of  
vaccination against  
influenza, Streptococcus  
pneumoniae and  
Haemophilus  
influenzae type B in  
patients with multiple  
myeloma22

Multiple myeloma  
(n = 48)

treated within 1 week  
of vaccination (n = 16);  
autologous SCT with  
melphalan/TBI
conditioning 6 months  
prior (n = 7);  
interferon-alpha
(n = 21); unknown
(n = 4)

hi titer .40 19% to all three strains Poor response lead  
to question for routine  
single dose influenza  
vaccination in multiple  
myeloma patients

Vaccination of
patients with  
haematological  
malignancies  
with one or two  
doses of influenza  
vaccine24

Heamatologic  
malignancies  
(n = 70)

Treatment, described  
as high or low intensity,  
with or without  
monoclonal  
antibodies (n = 59)
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post vaccination
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antibody response  
to inactivated  
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vaccine in cancer  
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Lymphoma, CLL  
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Chlorambucil,  
cyclophos
(n = 21); untreated
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4 fold rise increase  
in hi titer 

17% v 93% for controls Does not recommend
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hematologic
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The influence of  
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with hematologic  
malignancies to  
influenza vaccine.
Cancer41
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biweekly combination  
chemotherapy

4 fold rise increase  
in hi titer
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Efficacy of the influenza  
vaccine in patients with  
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Untreated (n = 10);  
treated (n = 19)

4 fold rise increase  
in hi titer 

30%-40% response for
lymphoma v 96% for
controls

Significant decreased
response compared
with both solid tumor
patients and controls

abbreviations: CLL, chronic lymphocytic leukemia; NHL, non-Hodgkin’s lymphoma; LPP, Lymphoproliferative; HI, heamagglutinin inhibition.
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