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Abstract 

Problem: Pediatric oncology patients are at a high risk for acquiring vaccine-preventable 

diseases due to their previous immunocompromised status and loss of protective titers following 

chemotherapy treatment. According to a nationwide study in 2019, only 48% of providers assess 

immune status prior to revaccination and re-vaccination time frame ranges from 6-18 months. 

This inconsistency is mirrored within an urban pediatric oncology clinic, leading to children with 

unnecessary and prolonged vulnerability to vaccine-preventable diseases. 

Purpose: The purpose of this quality improvement project was to implement an evidence-based 

standard of practice for re-immunization of pediatric oncology patients following completion of 

chemotherapy treatment. 

Methods: The project was implemented over a 16-week period in a pediatric oncology clinic. 

Eligible patients included those diagnosed with cancer since 2013 and off chemotherapy 

treatment for at least 6 months. The new standard of practice included a formal guideline 

detailing the vaccine titers to be obtained based on current evidence. A template was created and 

inputted into the patient’s problem list. A standardized letter was sent to each patient’s primary 

care provider detailing the patient’s individualized vaccination plan.  Weekly chart audits were 

conducted and run charts created to track data. 

Results: Results of the intervention demonstrated 83% of eligible patients had required titer 

orders and had the need for immunization added into their problem list. 50% of patients had fully 

resulted titers. Of the 50%, 100% demonstrated loss of immunity to one or more vaccine 

preventable diseases. Several confounding factors delayed results of titers and communication 

with primary care providers such as insufficient blood quantity and hemolyzed samples leading 

to partially resulted titers. Pediatric oncology providers sought to send one letter to the patient’s 
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primary care provider detailing comprehensive immunization recommendations following fully 

resulted titers. 

Conclusions: This quality improvement project demonstrated the need for immunization 

assessment and intervention following treatment with chemotherapy. Creation of a standard post-

chemotherapy vaccination guideline improved the identification and re-immunization of this 

population.  
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Implementation of a Post-Chemotherapy Vaccination Standard of Practice 

 Pediatric oncology patients are at a high risk for acquiring vaccine-preventable diseases 

for several reasons. Some pediatric patients may not have completed childhood vaccinations 

prior to their diagnosis with cancer. Additionally, treatment with chemotherapy can result in loss 

of previous protective status against vaccine-preventable diseases (Zhang et al., 2019). 

According to the Infectious Disease Society of America’s (IDSA) most recent “Clinical Practice 

Guideline for Vaccination of the Immunocompromised Host” it is equally the role of the 

pediatric oncology and the primary care physician to ensure that their patient(s) are vaccinated 

according to best practice following chemotherapy (Rubin et al., 2014). Despite these 

recommendations and other recent evidence, there lacks a nationwide standardized protocol for 

re-vaccination of this population (Zhang et al., 2019). The IDSA Clinical Practice Guidelines for 

Vaccination of the Immunocompromised Host states that a vaccine is not considered a valid dose 

unless titer(s) were checked prior to determine necessity (Rubin et al., 2014). According to 

Zhang et al. (2019), only 48% of providers nationwide assess immune status via titers prior to 

revaccination.  

 This nationwide inconsistency was mirrored within the pediatric oncology outpatient 

clinic of a large, academic tertiary care hospital. Practice within this department was to 

tentatively discuss re-vaccination with patients and families starting at 12 months following 

chemotherapy completion without checking titers (Figure 1). This practice was not in accordance 

with the most recent evidence and recommendations. The conversation regarding 

reimmunization occurred from only 1 of the 5 providers in the outpatient clinic. There also 

lacked a streamlined process for communicating patient’s vaccination needs to their primary care 

physician as insurance does not allow for re-vaccinating in the specialty clinic setting. The 
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purpose of this quality improvement (QI) project was to implement a policy in an outpatient 

pediatric oncology clinic detailing the assessment, management, and inter-provider 

communication required for re-vaccination of patients that have completed chemotherapy.  

Literature Review 

 Current evidence supports the need for reassessment of seroprotective status of vaccine 

preventable diseases and the development of a standard of practice for re-vaccination of pediatric 

oncology patients after chemotherapy completion (Tables 1 and 2). This review details the most 

recent recommendations for re-vaccination of immunocompromised patients and current practice 

among pediatric providers nationwide (Rubin et al., 2014; Zhang et al., 2019). The review and 

synthesis support the assessment of immune status at 6 months after treatment (Williams et al., 

2020; Han et al., 2018; Rubin et al., 2014). Also included in this review is research supporting 

the use of vaccine titers and antibody levels (IgG) to guide individualized re-vaccination plans 

based on seroprotective status results in children following treatment with chemotherapy (Fayea 

et al., 2017; Han et al., 2018; Top et al., 2020; Zhang et al., 2020). 

 The IDSA’s most recent “Clinical Practice Guideline for Vaccination of the 

Immunocompromised Host” recommends delaying vaccinations until 6 months after receiving 

anti-B-cell therapies or intensive chemotherapy (Rubin et al., 2014). Two of the studies 

examined in this evidence review utilize immune markers to determine the timeframe associated 

with immune reconstitution (Williams et al., 2020; Han et al., 2018). Williams et al., (2020) 

specifically examined serum levels of total lymphocytes, lymphocyte subsets, and immune 

globulins and reported that total B cells reach full reconstitution at 6 months. Total B cells are 

responsible for producing antibodies, and therefore, can mount a robust antibody response 

against vaccine preventable diseases, leading to seropositivity following revaccination. Han et 
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al., (2018) found that when patients were re-vaccinated at 3 months, seropositivity was only 60% 

for crucial vaccines such as the measles, mumps, and rubella (MMR) and the pneumococcal 

conjugate vaccine (PCV). Therefore, current evidence recommends 6 months as a starting point 

for re-vaccination to allow immune reconstitution. 

 Once the adequate timeframe for re-vaccination was established, evidence was utilized to 

determine the best process for immunization assessment. Rubin et al. (2014), Top et al. (2020), 

and Fayea et al. (2017) reinforce that vaccine titers are essential prior to re-immunizing and state 

that vaccines administered without checking titers prior are not considered valid doses as it is 

unsure whether the patient will be able to mount an appropriate immune response resulting in 

seropositivity.  Zhang et al.(2019) surveyed pediatric oncology providers nationwide who 

reported checking the following titers: tetanus, pertussis, diphtheria, varicella, MMR, and 

hepatitis B. Han et al. (2018) determined immune reconstitution status by checking MMR and 

PCV titers. Immune reconstitution research from Zhang et al. (2020) recommended obtaining 

PCV, tetanus, pertussis, diphtheria, varicella, and MMR titers. Top et al., (2020) recommended 

obtaining all previous titers with the exclusion of MMR.  

 Of the 7 studies examined for this evidence review, 1 was level I, 1 was level III, 2 were 

level IV, 2 were level VI, and 1 was level VII. The overall quality of the evidence was a B 

because the studies were well-controlled with consistent results. Limitations included lack of 

randomization and primarily smaller sample sizes and/or inadequate power analyses to determine 

adequacy of the sample size. 

Theoretical Frameworks 

 The Protective Motivation Theory (PMT) by Ronald Rogers (Figure 2) describes how the 

fear of a noxious event can promote recommended prophylactic response behaviors in efforts to 
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avoid the feared event (Rogers, 1975). This theory can be applied to vaccination when 

considering the worst-case-scenario of not getting vaccinated and developing the fatal vaccine-

preventable disease, and even death. This theory was chosen because the fear of an 

immunocompromised child falling ill to a vaccine-preventable disease is a motivator to providers 

for early assessment and re-vaccination. The time frame of re-vaccination was determined by 

current evidence (Tables 1 and 2). 

The Conceptual Framework of Complex Innovation Implementation (Figure 3) accounts 

for several factors that serve as barriers and facilitators to project implementation such as: 

financial resources, management, organizational values and climate, and project champions. All 

of these must be assessed and addressed prior to any project implementation. Prior to 

implementation of this project, an inquiry about the additional cost of obtaining titers revealed 

that some titers, specifically the pneumococcal, may require prior authorization from insurance. 

Support was gained from management by presenting evidence from the literature review and 

explaining the depth of the problem and risk to pediatric oncology patients. Project champions 

were designated to aid in facilitating the project’s implementation. These factors played an equal 

part in the success of this QI project. 

Methods 

 The setting for implementation was a pediatric oncology clinic within a large, academic, 

tertiary medical center. The targeted patient population was pediatric oncology patients that have 

completed chemotherapy at least 6 months ago or more. Childhood immunizations are not 

considered complete until 4 years of age. Therefore, eligible patients were pediatric oncology 

patients ages 4-25 years of age that were diagnosed at an age of 4 or older, in the year 2013 or 

later. The implementation team included the pediatric oncology staff comprised of physicians, 
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nurse practitioners, and nurses, and 3 change champions (1 nurse practitioner, 2 staff nurses), 2 

nurse practitioners (NPs), and 3 attending physicians (MDs). 

 The practice change was implemented over a 16-week period. To assess immunity, the 

new policy (Appendix A) required providers to order titers for the following vaccine preventable 

diseases: MMR, TDaP, Hepatitis B, Varicella, and Pneumococcal as well as Total IgG. These 

titers were chosen based on a thorough evidence review (Table 1). Providers were required to 

add the need for immunization following chemotherapy into the patient’s problem list using and 

electronic smart phrase (Appendix B). If titers resulted in loss of immunity, providers were 

required to interpret titers and send a letter to the patient’s primary care provider (PCP) detailing 

their recommendations for an individualized re-vaccination plan using an electronic smart phrase 

(Appendix C). Immunization plans were based on the recommended vaccinations endorsed by 

the Centers for Disease Control and Prevention (CDC). 

 Process and outcome measures were utilized to guide and track the progress and impact 

of this QI project during its implementation. The clinic schedule was reviewed weekly for 

eligible patients. When an eligible patient was scheduled, an anticipatory reminder email was 

sent by this project lead to the provider 1-2 days prior to the patient’s appointment (Appendix D) 

with the immunization policy (Appendix A) attached as a resource. Process measures included 

the percentage of eligible patient with the designated titers ordered and the use of an electronic 

smart phrase (Appendix B) to input the need for reimmunization into the patient’s problem list. 

The outcome measure tracked included the utilization of an electronic smart phrase (Appendix 

C) by pediatric oncology providers to send immunization recommendations to their patient’s 

PCP. Additional data tracked included the number of eligible patients with completely results 
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titers that indicated a need for re-immunization due to loss of protective status and what 

immunizations were needed. 

 Several tactics were used to promote the practice change and implementation of the 

immunization policy. Project champions (2 nurse practitioners and 2 registered nurses) were 

identified to serve as resources for the clinical staff and promote adherence to the policy change. 

In person education sessions were held to present a review of the current evidence, relevance of 

the practice problem, and steps to the planned practice change with opportunity for staff 

feedback.  The smart phrases (Appendix B and C) were co-created with the pediatric oncology 

physicians and nurse practitioners. Smart phrases were integrated into the electronic 

documentation system as standardized templates for addition into the patient’s problem list and 

the letter to the patient’s PCP. The PCP letter was created to auto populate with provider and 

patient information to promote ease of use and sustainability. A new policy was created to 

outline steps of the practice change (see Appendix A). The new policy detailed the required titers 

to be obtained as well as the associated lab codes for all laboratories used for the pediatric 

oncology clinic. The policy was modified throughout implementation based on provider 

feedback.  

 This QI project was approved by the Institution’s Review Board (IRB) and designated as 

non-human research. Patient data was safeguarded by de-identification and encryption. Patients 

were assigned a number as their identifier to maintain confidentiality. The data was documented 

on the data collection tool (Appendix E) developed by this project lead and located on a 

password protected computer. Reminder emails were encrypted using the organizational system 

encryption phrase in the subject line.  

 Results  
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      A total of 12 patients with various oncologic diagnoses (Table 3) were eligible for 

determination of re-vaccination. Approximately 42% of the patients were diagnosed with 

Hodgkin’s Lymphoma, 33% with Acute Lymphoblastic Leukemia, 8% with Burkitt’s 

Lymphoma, 8% with T-Cell Lymphoblastic Lymphoma, and 8% with Wilm’s Tumor. All 

clinical staff in the pediatric oncology clinic were trained prior to and during project 

implementation. Upon receipt of PCV titers, some serotypes were low, but not all. This led to 

uncertainty among providers regarding how to interpret the mixed results for the 14 serotypes. 

The project lead compiled evidence and modified the immunization policy to include an 

algorithm for PCV titer interpretation and immunization recommendation (Appendix A). 

Providers responded positively to the algorithm and reported feeling more comfortable utilizing 

the immunization policy and sending letters to the patient’s PCP, as they could fully interpret 

titers and make complete recommendations.  

 This project did not have pre-implementation data, as none of the process and outcome 

measures were in place prior to project development and implementation. At the conclusion of 

the 16-week implementation period, 83% of patients demonstrated the required titers ordered and 

had partially or fully resulted titers (Figure 4). Additionally, 83% of patients had the ‘need for 

immunization’ added into their problem list (Figure 5). Of the patients with fully resulted titers, 

100% had letters sent to their PCP regarding reimmunization needs. Though it was not a process 

or outcome measure in the design of this QI project, it was observed that for all patients that had 

partially or fully resulted titers, 100% required revaccination to at least one or more vaccine-

preventable diseases. Of the 6 patients with fully resulted titers, 33% (2 patients) needed 

complete reimmunization with the MMR, TDAP, varicella, hepatitis B, and pneumococcal 

vaccines (Table 3).  
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 Several confounding factors delayed results of titers or led to partially resulted titers such 

as insufficient blood quantity and hemolyzed samples. Therefore, the communication with PCPs 

via the formalized letter was also delayed as providers did not want to send PCPs multiple letters 

with partial vaccination recommendations. Titers for diseases of combined vaccines 

demonstrated mixed results. For example, several patients demonstrated loss of protective status 

for one component of the MMR vaccine, but not the others. This led to unexpected challenges in 

interpreting results and forming recommendations. It was decided amongst the pediatric 

oncology providers, with involvement from infectious disease, to continue to recommend 

revaccination with the MMR vaccine to ensure protection against all three of the vaccine-

preventable diseases. 

Discussion 

This QI project is unique due to the current lack of evidence-based immunization 

guidelines for pediatric oncology patients following chemotherapy. It does, however, align with 

current evidence (Table 1). According to Rubin et al. (2013), vaccines administered without 

proof of protective titers are not considered valid doses. This was the only current guideline that 

outlined immunization for immunocompromised patients. Therefore, the evaluation of protective 

titers was a critical step in the standard of practice implemented. Total IgG has been determined 

to be a sufficient measurement of immune reconstitution status in preparation for reimmunization 

at 6 months. However, immune reconstitution was not demonstrated at 3 months (Williams et al., 

2020). After discussion of this evidence with the pediatric oncology providers in this project, it 

was unanimously decided to assess protective titers and immune reconstitution status at 6 

months, whereas Rubin et al. (2013) states that reimmunization with inactivated vaccines can be 

performed at 3 months post chemotherapy.  
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The purpose of this QI project was to implement a protocol detailing the assessment, 

management, and inter-provider communication in the re-immunization of pediatric oncology 

patients following treatment with chemotherapy. The process and outcome measure goals for this 

QI project were not met. The goal of 100% of NPs and MDs in the pediatric oncology clinic 

ordering the required vaccine titers for eligible patients was not met. The goal of 100% NPs and 

MDs in the pediatric oncology clinic inserting the ‘need for reimmunization’ into the patient’s 

problem list was also not met. However, the goal of 100% of pediatric oncology providers 

sending a letter to the patient’s PCP detailing reimmunization needs was met for those patients 

that had fully resulted titers. The protocol was successfully created, and results suggest 

improvement in the recognition of pediatric oncology patients in need of reimmunization. Prior 

to the implementation of this QI project, a method and process for evaluation and 

communication of immunization needs in the population did not exist. 

 The data collected in this QI project is not generalizable to all pediatric patients or 

pediatric patients that have completed chemotherapy. The protocol can, however, be applicable 

to similar pediatric settings, such as other pediatric oncology clinics. Limitations of this project 

include the short duration of implementation and small sample size. Facilitators include the use 

of project champions and the support of the clinic staff. This project highlights one way to 

communicate with patient’s PCPs but cannot guarantee that the patient received the vaccinations 

recommended by the pediatric oncology MD and/or NP. The project duration limited the 

evaluation of provider follow up regarding vaccination status following recommendations. The 

creation of the smart phrases for the patient’s problem list and letter to the PCP was a successful 

adjunct to the formal policy that aided in provider adherence, as it simplified their workflow. The 

surveying of the clinic schedule and reminder emails were also crucial in maintaining provider 
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awareness of eligible patients and adherence to the practice change. Though this project is not 

generalizable to all pediatric and pediatric oncology patients, it can be applied to similar settings 

such as pediatric oncology clinics with long term follow up. Limitations include the small 

sample size and short implementation period. This project successfully highlights one process of 

communication with pediatric PCPs, but it cannot guarantee that the patient received the 

vaccination(s) recommended by oncology providers.  

Conclusions 

The nationwide inconsistency in immunization assessment and intervention for pediatric 

oncology patients following completion of chemotherapy warrants a need for an evidence-based 

intervention such as the one implemented in this QI project. The implementation of this standard 

of practice improved the evaluation of vaccination need and communication between oncology 

specialists and PCPs. In doing so, pediatric oncology patients are less vulnerable to fatal vaccine-

preventable diseases. The utilization of smart phrases simplified this process and aids in 

sustainability following implementation. Future steps include the integration of the developed 

policy into the organization’s policy database for continued reference and sustainability. This 

project has the potential to be explored further in research, specifically evaluating the results 

regarding oncologic diagnosis, chemotherapy treatment, and loss of specific titers in a research 

project of longer duration. 
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Table 1 

 

Evidence Review Table 
 

Citation: 

Williams, A. P., Bate, J., Brooks, R., Chisholm, J., Clarke, S. C., Dixon, E., . . . Gray, J. C. (2020). Immune reconstitution in children 

following chemotherapy for acute leukemia. EJHaem, 1(1), 142-151. doi:10.1002/jha2.27 

https://onlinelibrary.wiley.com/doi/pdf/10.1002/jha2.27 

 

Level  

 

IVB 

 

 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

To “report the long-

term effects in 

children treated [with 

chemotherapy] 

according to the UK 

Medical Research 

Council UKALL 2003 

protocol” 

 

 

Prospective study 

documenting different 

cohorts at 6 different time 

points during and for 18 

months following treatment 

Sampling 

Technique:  

Convenience 

sampling. 

Participants 

previously 

recruited for a prior 

study were also 

recruited for this 

study.  

 

 

116 children (ages 

1-18y) receiving 1st 
line treatment for 

ALL at one of 

eight pediatric 

oncology centers. 

 

 

# Eligible: 116 

# Accepted: 116 

# Control: n/a 

# Intervention: 116 

 

Power analysis:   

Control: N/A 

 

Interventions: 

Peripheral blood lymphocyte 

analysis during chemotherapy 

treatment and for 18 months 

following treatment. 

 

Intervention fidelity (describe 

the protocol): 

 

Participants from a study 

assessing the Immunogenicity 

of PCV-13 vaccine in children 
with ALL received serial 

blood collections that were 

available for immunological 

analysis for this study. Study 

was approved by the national 

ethics committee and written 

consent was obtained. 

 

Blood samples for lymphocyte 

and immunoglobulin analysis 

were obtained from 6 different 

DV: Serum levels of total 

lymphocytes, lymphocyte 

subsets, and 

immunoglobulins 

 

Measurement tool 

(reliability), time, 

procedure: 

Assessed at 6 different 

time during and following 

chemotherapy treatment 

(see intervention column) 

 

To assess for normality of 
results (in order to 

compare to serum levels 

of healthy children), a 

combination of tests were 

used: 

 

Anderson-Darling, 

Kolmogorov-Smirnov, 

Cramer-von Mises, 

Wilcoxon singed-ranked 

tests (for non-normal 

Total lymphocytes: 

Remained significantly 

lower than healthy 

children at 18m follow-up 

(p=0.002) 

 

Naïve B cells: rapid 

recovery as early as 1m 

 

Memory B cells: 

Still low at 18m 

 

Total B cells:  

Recovery at 6 months  
 

Total IgG: 

Still low for 3.5% of 

children at 18m 

 

T cells- 

CD4+: Levels still 

significantly low at 18m 

post chemotherapy 

(p<0.0001) 

CD8+: Recover at 6m 

 

https://onlinelibrary.wiley.com/doi/pdf/10.1002/jha2.27
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N/A 

 

Group 

Homogeneity: 

56.4%-65.6% 

males in each 

cohort 

34.4%-43.6% 

females in each 

cohort 

 

Age range of 2-17y 

at time of 

recruitment 

 

cohorts at 6 different time 

points in treatment: 

 

1. 6m from last 

intensive 

chemotherapy (early 

maintenance) 

2. 18m from last 

intensive 

chemotherapy (late 

maintenance) 

3. 1m after completion 

of maintenance 

chemotherapy 

4. 6m from completion 

of maintenance 

chemotherapy 

5. 12m from completion 

of maintenance 

chemotherapy 

6. 18m from completion 

of maintenance 

chemotherapy 

 

Lymphocyte subsets and 

serum immunoglobulin results 

provided by accredited NHS 

labs 

 

 

data), and paired t-tests 

(for normal data) 

NK cells: 

Recover at 12m 

 

 

No significant 

relationship between 

immune recovery and age 

 

No significant different 

between the 3 regimens of 

chemotherapy provided 

 

No significant difference 

in immune recovery 

following completion of 

treatment in boys and 

girls. 

 

 

Citation: 

Rubin, L. G., Levin, M. J., Ljungman, P., Davies, E. G., Avery, R., Tomblyn, M., . . . Kang, I. (2013). 2013 IDSA Clinical Practice 

Guideline for Vaccination of the Immunocompromised Host. Clinical Infectious Diseases, 58(3). doi:10.1093/cid/cit684 

https://academic.oup.com/cid/article/58/3/e44/336537?fbclid=IwAR17ot6_C4Nldm4RJ0IHRZtYL8Uz430HRaYxcANB4T4-

DwQZqw0xBGGbk0I 

 

 

 

Level  

 

IA 

 

 

https://academic.oup.com/cid/article/58/3/e44/336537?fbclid=IwAR17ot6_C4Nldm4RJ0IHRZtYL8Uz430HRaYxcANB4T4-DwQZqw0xBGGbk0I
https://academic.oup.com/cid/article/58/3/e44/336537?fbclid=IwAR17ot6_C4Nldm4RJ0IHRZtYL8Uz430HRaYxcANB4T4-DwQZqw0xBGGbk0I
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Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

“These guidelines 

were created to 

provide primary care 

and specialty 

clinicians with 

evidence-based 

guidelines for active 

immunization of 

patients with altered 

immunocompetence…

in order to safely 

prevent vaccine-

preventable 

infections.” 

Clinical Practice Guidelines 

that are evidence-based and 

was created by an 

international panel of 

experts. Evidence grade and 

quality was systematically 

weighed using the 

Infectious Diseases Society 

of America guidelines. 

N/A- Clinical 

Practice Guideline 

 

484 referenced 

research articles 

No true intervention- CPG 

based on systematic review of 

research (including RCT’s). 

 

Evidence graded and quality 

assigned by a panel of 

international experts using 

guidelines from the Infectious 

Diseases Society of America. 

Recommendations for 

vaccination in patients 

with cancer: 

 

Inactivated flu vaccine 

(IIV) administration 

 

Inactivated vaccine 

administration during and 

after chemotherapy 

treatment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Annual IIV administration 

should be delayed for 

patients receiving anti-B 

cell antibodies or 

intensive chemotherapy 

(strong, moderate) 

 

Inactivated vaccines 

administered during 

chemotherapy should not 

be considered as valid 

doses unless proof of 

protective titers (strong, 

moderate) 

 

Initiate vaccination with 

inactivated vaccines at 3m 

post chemotherapy 

completion (strong, very 

low to moderate) and live 

vaccines (weak, very low) 

 

Delay inactivated 

vaccines until 6m if 

receiving anti-B-cell 

antibodies (strong, 

moderate) 
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Citation: 

Han, J. H., Harmoney, K. M., Dokmeci, E., Torrez, J., Chavez, C. M., Ortega, L. C., . . . Winter, S. S. (2018). Dynamic re-immunization of 

off-treatment childhood cancer survivors: An implementation feasibility study. Plos One, 13(2). doi:10.1371/journal.pone.0191804 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0191804 

 

Level 

 

IVB 

 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

“We hypothesized that 

by utilizing a 

response-based re-

vaccination schedule, 

we could tailor 

vaccine schedules in 

off-treatment cancer 

survivors” 

 

Prospective cohort study- 

feasibility study 

Sampling 

Technique:  

Convenience 

sampling 

 

 

# Eligible: 7 

# Accepted: 7 

# Control: N/A 

# Intervention: 7 

 

Power analysis:  

N/A  

(would have been 

helpful due to 

small sample size) 

                                                                                      

Group 
Homogeneity: 

 

4 males, 3 females 

Age range 6-10y, 

mean age 7y 

 

Diagnoses: 

Pre-vaccination serum 

antibody titers were obtained 

after the completion of cancer 

treatment. In patients whose 

IgG levels were not protective, 

FDA vaccines were 

administered 3 months 

following end of treatment 

(EOT). Follow-up IgG levels 

were obtained after 

vaccination to assess response.  

 

 

DV: 

Post-chemotherapy 

antibody levels and 

antibody levels following 

vaccination 

 

Measurement tool 

(reliability), time, 

procedure: 

 

Antibody titers obtained 

via lab draws: 

Pre vaccination antibody 

levels obtained on  

average of 20 days (range 

7-44 days) 

 

Follow up IgG levels 
obtained 5-10 weeks post 

vaccination 

 

 

Vaccines preventable 

diseases studies include: 

Hib, diphtheria. Tetanus, 

poliomyelitis, 

Statistical Procedures(s) 

and Results: 

 

No statistical analysis for 

significance- feasibility 

study 

 

Immediate EOT IgG 

levels: 

Protective anti-tetanus- 

86% 

 

Protective anti-rubella and 

anti-polio- 71% 

 

Protective anti-diphtheria 

and anti-Hib- 57% 

 
Protective anti-mumps 

and anti-pneumococcal: 

29% 

 

Antibody levels following 

vaccination at 3m after 

EOT: 

 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0191804
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5 pts with B cell 

ALL 

1 pt with T cell 

ALL 

1 pt with high-risk 

Wilms tumor 

 

pneumococcus, measles, 

mumps, and rubella. 

100% protective antibody 

levels against diphtheria, 

tetanus, rubella, and polio 

 

60% protective antibody 

levels against measles, 

mumps, and 

pneumococcus 

Citation: 

 

Fayea, N. Y., Fouda, A. E., & Kandil, S. M. (2017). Immunization status in childhood cancer survivors: A hidden risk which could be 

prevented. Pediatrics & Neonatology, 58(6), 541-545. doi:10.1016/j.pedneo.2016.04.003 

https://www.sciencedirect.com/science/article/pii/S1875957216300821 

 

Level 

 

VIB 

 

 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

“The aim of this study 

was to evaluate the 

serological status of 

childhood cancer 

survivors after the end 

of chemotherapy 

treatment and to 

estimate seronegative 

rates of vaccine-

preventable diseases 

including measles, 

mumps, rubella, 

diphtheria, tetanus, 

pertussis, 

poliomyelitis, and 

Haemophilus 

influenza B (HIB). We 

also aimed to evaluate 

any risk factors 

associated with loss of 

protective antibodies.” 

Observational, cross-

sectional retrospective data 

review with mainly 

descriptive data. 

Sampling 

Technique:  

Convenience 

sampling of 

children seen in 

outpatient clinic 

 

46 patients 

(ages 1-18y) 

children in 

remission from 

cancer  

 

 

# Eligible: 46 

# Accepted: 46 

# Control: n/a 

# Intervention: 46 

 

Power analysis:   

N/A 

 

Antibody titers were obtained 

on all participants to reveal 

their serostatus for each 

vaccine-preventable disease 

 

Several different methods 

were used to obtain the 

different antibody titer levels 

of each vaccine-preventable 

disease. 

 

MMR- multiplex Flow 

Immunoassay 

Diphtheria and tetanus toxoid- 

Enzyme immune assay 

Poliovirus and HIB- enzyme-

linked immunosorbent assay 

 

 

DV: 

Serostatus (protection 

status) for each vaccine-

preventable disease 

 

Measurement tool 

(reliability), time, 

procedure: 

 

Antibody titers obtained 

via lab draws: 

Time from treatment 

completion to titer (mean 

+/- SD) was 3.02 +/- 2.64 

years 

(minimum 0.64 years, 

maximum 8.59 years) 

 

 

Vaccines preventable 

diseases studies include: 

Hib, diphtheria. Tetanus, 

93% of patients were 

seronegative for at least 1 

vaccine-preventable 

disease following 

completion of 

chemotherapy 

 

Seronegativity rates: 

Measles, 46.8% 

Mumps, 36.2% 

Rubella, 36.2% 

Diphtheria, 46.8% 

Tetanus, 61.7% 

Polio, 17.1%, HIB, 42.6% 

 

Age at diagnosis, age at 

sampling, type of cancer, 

and intensity of treatment 

were not significantly 

different between patients 

who were seronegative 

and seropositive 

https://www.sciencedirect.com/science/article/pii/S1875957216300821
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Group 

Homogeneity: 

21 boys 

26 girls 

 

49% acute 

leukemia  

28% lymphoma  

13% brain tumors 

10% solid tumors 

 

Treatment 

intensities 

(according to the 

Treatment Intensity 

Rating Scale, 

version 3.0) 

55% intensity of 3 

43% intensity of 3 

2.1% intensity of 4 

 

Vaccination status 

prior to start of 

chemotherapy: 

42.6% fully 

vaccinated 

49.4% 

incompletely 

vaccinated 

8.5% no 

vaccinations 

 

 

 

 

 

 

 

 

poliomyelitis, 

pneumococcus, measles, 

mumps, and rubella. 

 

Citation: Level 
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Zhang, L., Martin, A. M., & Ruble, K. (2019). Postchemotherapy immunization practices for non-hsct pediatric oncology patients. Journal 

of Pediatric Hematology/Oncology, 41(4), 289-293. doi:10.1097/mph.0000000000001293 

https://journals.lww.com/jpho-

online/fulltext/2019/05000/postchemotherapy_immunization_practices_for.8.aspx?casa_token=iMb87h_Cd7UAAAAA:G9MhK2WXoCM

2-pwKaU4zTqs-2NuigZco7aY0RuhcI7qHXrkjU0hix4v6QCYiFlWtRBcWKpDaqpTEsQVTExLFtgdvfr4xiDU 

 

 

 

VIIB 

 

 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

“This study describes 

current 

reimmunization 

practices among 

pediatric oncologists” 

Survey of experts with 

descriptive analysis 

Survey sent to 220 

Children’s 

Oncology Group 

(COG)- identified 

pediatric oncology 

physicians  

 

Response from 67 

experts 

(30.5% response 

rate) 

A 10-question survey was 

developed and reviewed by 2 

other authors and sent to 26 

pediatric oncology providers 

as a pilot survey. Edits made 

to survey based on suggestions 

and responses from pilot 

survey.  

 

Final survey sent to 220 COG 

pediatric oncologists.   

Survey consisted of 

questions regarding 

current practices for: 

- Method to assess 

patient’s current immune 

status 

- Clinical information 

used to make 

recommendations for 

post-chemotherapy 

vaccinations 

- Use of vaccine titers in 

determining vaccination 

practice for patients 

- Availability of 

guidelines for re-

vaccination in their 

respective institution. 

 

48% of 

providers/institutions do 

not routinely assess 

patient’s immune status 

post chemotherapy 

 

Of those who do routinely 

assess post-chemotherapy 

immune status: 

80% assess 6 months after 

therapy completion 

 

Methods of assessment: 

46% checked vaccine-

specific titers 

40% checked ALC 

 

Vaccine titers checked: 

Varicella (37%) 

MMR (34) 

DTaP (33%) 

Hep B (27%) 

 

Citation: 

 

Level 

 

IIIA 

 

 

https://journals.lww.com/jpho-online/fulltext/2019/05000/postchemotherapy_immunization_practices_for.8.aspx?casa_token=iMb87h_Cd7UAAAAA:G9MhK2WXoCM2-pwKaU4zTqs-2NuigZco7aY0RuhcI7qHXrkjU0hix4v6QCYiFlWtRBcWKpDaqpTEsQVTExLFtgdvfr4xiDU
https://journals.lww.com/jpho-online/fulltext/2019/05000/postchemotherapy_immunization_practices_for.8.aspx?casa_token=iMb87h_Cd7UAAAAA:G9MhK2WXoCM2-pwKaU4zTqs-2NuigZco7aY0RuhcI7qHXrkjU0hix4v6QCYiFlWtRBcWKpDaqpTEsQVTExLFtgdvfr4xiDU
https://journals.lww.com/jpho-online/fulltext/2019/05000/postchemotherapy_immunization_practices_for.8.aspx?casa_token=iMb87h_Cd7UAAAAA:G9MhK2WXoCM2-pwKaU4zTqs-2NuigZco7aY0RuhcI7qHXrkjU0hix4v6QCYiFlWtRBcWKpDaqpTEsQVTExLFtgdvfr4xiDU
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Top, K. A., Vaudry, W., Morris, S. K., Pham-Huy, A., Pernica, J. M., Tapiéro, B., . . . Halperin, S. A. (2020). Waning vaccine immunity 

and vaccination responses in children treated for acute lymphoblastic leukemia: A canadian immunization research network 

study. Clinical Infectious Diseases, 71(9), E439-E448. doi:10.1093/cid/ciaa163 

https://academic.oup.com/cid/article/71/9/e439/5739670 

 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

“The study objectives 

were to evaluate 

among previously 

vaccinated children 

who completed ALL 

therapy: 1) waning 

immunity to S. 

pneumoniae serotypes, 

tetanus toxoid (TT), 

pertussis toxin (PT), 

and varicella; and 2) 

immunogenicity and 

safety of DTaP-IPV-

Hib, 13-valent PCV 

(PCV13), and 23-

valent pneumococcal 

polysaccharide 

(PPV23) 

vaccinations.” 

 

Prospective multicenter 

clinical trial at 10 pediatric 

hematology/oncology 

centers across Canada 

 

From 11/2015-9/2017 

Sampling 

Technique:  

Convenience 

sampling of 

children seen in 

outpatient clinic 

 

 

 

# Control: 78 

immunocompetent 

children 

# Intervention: 67 

children with ALL 

and 4-12 months 

post chemotherapy 

completion (78 

enrolled, but 4 

withdrew prior to 

vaccination and 7 

did not complete  

one or both 

surveys) 

 

Excluded: infant 

ALL, relapsed 

ALL, and HSCT 

 

Power analysis:   

N/A 

 

Participants with ALL: 

Baseline clinical data such as 

vaccination records and 

serology was obtained via a 

chart review. 

 

Immunologic markers and 

serology obtained via 

venipuncture. Participants then 

received the following 

vaccines: 

- PCV13 

- DTaP-IPV-Hib 

2 months later, PPV23 was 

administered 

 

 

Serology for each vaccination 

was then obtained at 2 and 12 

months post first vaccination. 

CBC with differential, 

quantitative immunoglobulins, 

and T and B cell lymphocyte 

subsets also obtained) 

 

Control: 

Vaccinations reviewed.  

Questionnaire completed. 

Primary outcomes: 

Geometric mean antibody 

concentrations (GMCs) to 

10 PCV serotypes, 

pertussis toxoid, tetanus 

toxoid, and varicella 

 

Secondary outcomes: 

Proportions of 

participants with 

protective antibody levels 

to PCV, TT, and varicella, 

at each time point and 

geometric mean ratios 

(GMRs) at 2 months post 

vaccination compared to 

baseline. 

GMCs were significantly 

lower in ALL group than 

in controls for all 10 PCV 

serotypes; most ALL 

patients post 

chemotherapy had PCV 

titers below protective 

level 

 

GMCs to PT, TT, and 

varicella were 

significantly lower in 

ALL children compared 

to controls (p<.001). 70% 

of children post-ALL 

treatment had 

seroprotective tetanus 

toxoid (TT) levels, 

compared to 100% of 

controls 

 

23% ALL patients 

remained seropositive 

against varicella post 

chemotherapy completion 

and 77% were negative. 

 

 

GMCs to PT, TT, and 

PCV13 increased at 2 

months and remained 

https://academic.oup.com/cid/article/71/9/e439/5739670
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Group 

Homogeneity: 

Participants with 

ALL:  

50% male, 50% 

female 

Median (range) in 

years: 8.1 (3.8-

19.3) 

 

Standard risk: 54% 

High risk: 36% 

Very high risk: 8% 

Unknown: 1% 

 

Median interval 

from last 

chemotherapy to 

serology: 6 months 

 

 

Control: 

51% male, 49% 

female 

Median (range) in 

years: 8.3 (3.5-

18.9) 

 

 

 

 

 

Serology obtained via 

venipuncture. 

above baseline at 12 

months post vaccination.  

Citation: 

 

Zhang, L., Thornton, C. P., Ruble, K., & Cooper, S. L. (2020). Post-chemotherapy titer status and need for revaccination after treatment for 

childhood cancer. Clinical Pediatrics, 59(6), 606-613. doi:10.1177/0009922820915884 

https://journals.sagepub.com/doi/pdf/10.1177/0009922820915884?casa_token=KmCk1P4lzZUAAAAA:U6Ilv5zUZoCTkO9cB_ddhcmcN

vMsKWWBneAJHDbza44h1FBLwiTl6bKSCsIlQ3WdRVWxdjEHjtVkAoc 

Level 

 

VIA 
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Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

To evaluate the 

strategy of checking 

vaccine titers after 

completion of 

chemotherapy.  

 

Retrospective chart review  Sampling 

Technique:  

Convenience 

sampling 

 

 

90 pediatric 

patients (<26y) 

who completed 

chemotherapy 

between November 

2016 and 

November 2018 

and did not receive 

treatment with a B-

cell directed 

antibody therapy, 

immunotherapy, or 

undergone HSCT 

 

 

# Eligible: 90 

# Participants: 82 

# Control: n/a 

# Intervention: 90 

 

Power analysis:   

N/A 

 

Group 

Homogeneity: 

41% female 

59% male 

 

Diagnosis: 

50% leukemia 

16% sarcoma 

13% brain 

Titers of vaccine-preventable 

diseases were check on 

patients 6 months after 

completion of chemotherapy 

- Pneumococcal panel 

- Varicella 

- Measles 

- Mumps 

- HBV 

Children whose titer status 

was seronegative or 

‘equivocal’ were re-vaccinated 

for those specific diseases 

according to CDC Red Book 

Guidelines 

DV: 

Post-chemotherapy 

antibody levels to 

vaccine-preventable 

diseases 

 

Measurement tool 

(reliability), time, 

procedure: 

 

Antibody titers obtained 

via lab draws at 6 months 

post chemotherapy 

completion  

 

Days until absolute 

lymphocyte count (ALC) 

recovery [Mean (SD)] 

By age at diagnosis and 

diagnosis category 

(ALC recovery 

considered ALC 

>1000/mm3 x 2 months) 

 

 

Vaccines preventable 

diseases studies include: 

Hepatitis B, diphtheria. 

Tetanus, poliomyelitis, 

pneumococcus, measles, 

mumps, and rubella 

Seronegative status: 

69% Hep B 

24% Tetanus 

56% Polio 

34% Measles 

31% Mumps 

23% Rubella 

59% Varicella 

 

Days until ALC recovery 

By age: 

All patients- 136.5 

(159.7) 

<7y- 53.1 (57.9) 

>/= 7y- 208.4 (183.6) 

<13y- 86.8 (104.6) 

>/=13y- 210.2 (196.8) 

 

By diagnosis: 

Leukemia- 92.3 (134.8) 

Sarcomas- 210.2 (176.6) 

Brain tumors- 231.5 

(191.8) 

Abdominal tumors- 54.8 

(82.0) 

Solid lymphomas- 271.8 

(155.5) 

 

Titer status for: 

 

Diphtheria, mumps, and 

rubella were correlated 

with titer status for 

measles 

 

Measles titers were not 

correlated with HBV, 
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11% abdomen 

10% lymphoma 

 

 

tetanus, pneumococcal, or 

varicella titers 

 

Varicella titers was 

correlated with HBV and 

diphtheria, but not 

tetanus, pneumococcal, 

measles, mumps, or 

rubella 

 

*Compliance of checking 

titers is low; 90% of 

patients had at least 1 titer 

checked post 

chemotherapy, however 

<25% had all appropriate 

titers checked 
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Table 2 

 

Evidence Synthesis Table 

Evidence Based Practice Question (PICO):  

 

In pediatric oncology patients ages 0-25 years, is vaccination at 6 months after serology, compared to universal revaccination at 12 months without obtaining 

serological immune status, safe and effective in protecting against vaccine-preventable diseases? 

 

 

Level of 

Evidence 

# of 

Studies 
Summary of Findings Overall Quality 

I 
1 

 

Rubin et al (2013), suggests that vaccinations should be 

delayed until 6 months for patients receiving anti-B cell 

antibodies or chemotherapy. Titers are essential prior to 

re-immunizing; vaccines given without checking titers are 

not considered valid doses as it is unsure whether the 

patient will be able to mount an appropriate immune 

response resulting in seropositivity. Vaccination with 

inactivated viruses can begin as early as 3 months.  

A,  this is a clinical practice guideline based on a large sample size of 

randomized control trials. This is the most up-to-date guideline 

regarding vaccination of immunocompromised individuals. 

III 1 

Top et al., (2020) reports that chemotherapy diminishes 

immune-protective status for vaccine-preventable 

diseases, even if patients were previously immunized 

prior to treatment. However, seropositivity varies 

between patients. Therefore, it is useful to check the 

following titers prior to initiating re-vaccination 

- PCV 

- Tetanus 

- Pertussis 

- Varicella 

A,  this was a well-controlled clinical trial without randomization. 

 

 

IV 2 

Williams et al. (2020) found that naïve B cells can 

recover as early as 1 month, but total B cells can recover 

by 6 months. Since B cells are vital in making antibodies, 

re-vaccination can occur as early as 6 months.  

 

B, this was a prospective cohort study, but lacked randomization 
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Han et al. (2018) found that when patients were re-

vaccinated at 3 months, seropositivity was only 60% for 

some vaccines (MMR and PCV), therefore, 6 months 

may be a better starting point for re-vaccination to allow 

immune reconstitution.  

B, this was a cohort study with a small sample size and without power 

analysis 

 

  

VI 2 

Fayea et al.(2017) state that obtaining titers is important 

prior to re-vaccination as it can identify what vaccines 

each patient needs to prevent unnecessary injections. 

Almost all of the patients in this study were not protected 

against at least 1 vaccine-preventable disease.However, it 

is more cost-effective to establish a re-vaccination 

protocol for all vaccine-preventable diseases as obtaining 

titers can be very costly. 

 

Zhang et al. (2020) states that if providers check titers, 

the following would be important to obtain: 

- MMR 

- Pneumococcal 

- Tetanus 

- Varicella 

However, it is difficult to maintain compliance with 

checking titers. 

B, this was a cross-sectional, retrospective data review with mainly 

descriptive data. It includes limitation and reasonable conclusions but 

has a small sample size and lacks a control group. 

 

 

 

 

 

 

A, this was an observational analytic, cross-sectional and retrospective 

chart review. It lacked power analysis to determine if sample size was 

adequate, however it presents reasonable and definitive conclusions. 

VII 1 

Zhang et al., (2019) report that half of COG providers 

obtain serology to check patient’s immune status prior to 

revaccination after chemotherapy. Serologic testing 

checked included ALC and titers. Most providers and 

institutions (80%) begin revaccinating at 6 months after 

completion of chemotherapy.  

Titers obtained: 

- MMR 

- DTaP 

- Varicella 

- Hep B 

B, this was a single descriptive survey study of expert opinions with a low 

response rate/sample size. 
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System for Hierarchy of Evidence (Melnyk) 

Level of 

Evidence 
Type of Evidence 

I (1) 
Evidence from systematic review, meta-analysis of randomized controlled trails (RCTs), or practice-guidelines 

based on systematic review of RCTs. 

II (2) Evidence obtained from well-designed RCT and/or reports of expert committees. 

III (3) Evidence obtained from well-designed controlled trials without randomization. 

IV (4) Evidence from well-designed case-control and cohort studies 

V (5) Evidence from systematic reviews of descriptive and qualitative study 

VI (6) Evidence from a single descriptive or qualitative study 

VII (7) Evidence from the opinion of authorities 

Melnyk, B. M., & Fineout-Overholt, E. (2019). Evidence-based practice in nursing & healthcare: a guide to best practice. Wolters 

 Kluwers.  

Rating Scale for Quality of Evidence (Newhouse) 

High (A) 

Scientific 

Consistent results with sufficient sample size, adequate control, and definitive 

conclusions; consistent recommendations based on extensive literature review that 

includes thoughtful reference to scientific evidence  

Summative Review 

Well-defined, reproducible search strategies; consistent results with sufficient 

numbers of well-defined studies; criteria-based evaluation of overall scientific 

strength and quality of included studies; definitive conclusions  

Experiential Expertise is clearly evident 

Good (B) 

Scientific 

Reasonably consistent results, sufficient sample size, some control, with fairly 

definitive conclusions; reasonably consistent recommendations based on fairly 

comprehensive literature review that includes some reference to scientific evidence  

Summative Review 

Reasonably thorough and appropriate search; reasonably consistent results with 

sufficient numbers of well-defined studies; evaluation of strengths and limitations of 

included studies; fairly definitive conclusions. 

Experiential Expertise seems to be credible. 
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Low Quality 

(C) 

Scientific 
Little evidence with inconsistent results, insufficient sample size, conclusions 

cannot be drawn 

Summative Review 
Undefined, poorly defined, or limited search strategies; insufficient evidence with 

inconsistent results; conclusions cannot be drawn  

Experiential Expertise is not discernable or is dubious  

 Newhouse, R. (2006). Examining the source for evidence based nursing practice. JONA.Volume 36, Number 7/8, pp 337-340 
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Table 3 

Immunization needs of post-chemotherapy patients (n=12) 

 

Legend: 

Y= Loss of immune status; revaccination needed 

N= Immune; no revaccination needed 

(-)= Titer not resulted or unable to be obtained 
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Figure 1 

Current and Desired Process Maps 
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Figure 2 

Rogers’ Protection Motivation Theory 

 

 

 

Rogers, R. W. (1975). A protection motivation theory of fear appeals and attitude change. The 

Journal of Psychology,91(1), 93-114. doi:10.1080/00223980.1975.9915803 
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Figure 3 

Conceptual Framework of Complex Innovation Implementation 

 

Helfrich, C.D., Weiner, B.J., McKinney, M.M. & Minasian, L. (2007). Determinants of 

implementation effectiveness adapting a framework for complex innovations. Medical 

Care Research and Review, 64(3), 279-303 doi: 10.1177/1077558707299887 
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Figure 4 

Provider Adherence to Ordering Titers on Eligible Patients 

 

Note. Weeks 1, 3, 9-12, and 14 omitted due to lack of eligible patients  
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Figure 5 

Provider Adherence with Addition of Immunization Need into the Patient Problem List 

 

Note. Weeks 1, 3, 9-12, and 14 omitted due to lack of eligible patients  
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Appendix A 

Immunization Policy Page 1 
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Immunization Policy Page 2 
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Immunization Policy Page 3 
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Immunization Policy Page 4 (PCV Titer Algorithm) 
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Appendix B 

SmartPhrase “.revax” 
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Appendix C 

SmartPhrase “.pcpletter” 
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Appendix D 

Reminder Email Part 1 
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Reminder Email Part 2 
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Appendix E 

Data Collection Tool 

Patient 

# 

Date of 

chemotherapy 

complete 

Date eligible 

for 

revaccination 

(6 months) 

Titers obtained? 

& 

Date 

Added into 

problem list? 

Re-

vaccination 

template in 

provider 

note? 

Concerns/Issues/ 

Comments 

   •  Yes 

Date: ________ 

•  No 

 

•  MMR 

•  Varicella 

•  HBV 

•  Tetanus/Diphtheria 

•  Pneumococcal 

 

 

•  Yes 

•  No 

 

•  Yes 

•  No 
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