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AbstrACt
Introduction Autologous cancer cell vaccines are 
promising personalised immunotherapeutic options for 
solid and haematological malignancies that uses the 
patient’s own cells to arm an immune response. Evidence 
suggests that among patients receiving these vaccines, 
those who mount an immune response against their 
own tumour cells have better prognosis, and a myriad of 
preclinical studies have demonstrated the same. Recently, 
two autologous cell vaccines Vigil and OncoVAX have made 
it to phase III clinical trials. Here, we outline a protocol 
to be used for two separate systematic reviews using a 
parallel approach for inclusion criteria, data extraction and 
analysis for autologous cell vaccines in (1) solid and (2) 
haematological malignancies. We aim to review evidence 
from controlled and uncontrolled interventional studies 
of autologous cell vaccines administered to patients 
with cancer to determine their historical efficacy (with or 
without associated adjuvants or modifications) with clinical 
response rates and safety outcomes being of particular 
importance.
Methods and analysis We will search MEDLINE (OVID 
interface, including In- Process and Epub Ahead of Print), 
Embase (OVID interface) and the Cochrane Central 
Register of Controlled Trials (Wiley interface) for articles 
published from 1947 until 30 July 2018 (date search 
was performed). Studies will be screened first by title 
and abstract, then by full- text in duplicate. Interventional 
trials that report the use of an autologous cell vaccine 
to patients with cancer of any age will be included. The 
primary outcomes of interest in this review are clinical 
response (complete or overall/objective response) and 
safety outcomes (adverse events). Secondary outcomes 
include immune response, disease- free survival and 
overall survival. The risk of bias within studies will be 
assessed using the appropriate Cochrane Risk of Bias 
tool. If appropriate, a random effects meta- analysis will 
be performed to synthesise the data and report summary 
estimates of effect. Statistical heterogeneity will be 
assessed using the I2 statistic.

Ethics and dissemination Ethics approval is not required 
for this systematic review protocol as the review will solely 
use published literature. Results will be submitted to peer- 
reviewed journals for publication and presented to relevant 
stakeholders and scientific meetings.
PrOsPErO registration number CRD42019140187.

IntrOduCtIOn
Autologous cancer cell vaccines are a 
personalised cancer immunotherapy platform
Cancer vaccines are re- emerging as prom-
ising therapies with the explosion of antibody 
mediated immunotherapies, such as check-
point blockade. Success of immunotherapies 
is often associated with T- cell responses to 
mutated tumour epitopes in both preclin-
ical and clinical settings.1–4 Delivery of one 
or more tumour- derived peptides alongside 

strengths and limitations of this study

 ► For the first time, our systematic reviews and 
meta- analyses will provide an exhaustive review 
of autologous cancer cell vaccine studies and will 
summarise their efficacy in solid and haematological 
malignancies.

 ► By separating our focus into two systematic reviews, 
focusing on haematological and solid malignancies, 
respectively, we will be able to provide concerted 
summaries, analysis and conclusions highly relevant 
for each target audience.

 ► Single arm studies with no comparator groups may 
represent a major limitation for our study, howev-
er we have developed a comprehensive plan to 
address this limitation with a modified Institute of 
Health Economics tool for assessing risk of bias in 
such studies.
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appropriate adjuvants is one widely used method of 
priming this adaptive antitumour response. However, 
increased mutation rates prevalent in tumours may lead 
to downregulation of these antigens or reduce their 
presentation on major histocompatibility complex class I 
(MHC- I) allowing tumours to escape an oligoclonal gener-
ated response.5 6 As such, for effective cancer therapy, the 
need to target a broad repertoire of these tumour associ-
ated antigens has been identified.5–7 Although advances 
in next- generation sequencing has allowed identification 
of these neoepitopes, more than 95% are unique to each 
individual, making it difficult to tailor such a therapy suit-
able for a broad range of patients, and therefore devel-
opment of alternative personalised cancer vaccines are 
being undertaken.4

A polyclonal but antigen agnostic approach includes the 
use of autologous whole cell tumour vaccines or tumour 
lysates, which provide the entire repertoire of a patients’ 
tumour antigens including mutated neoepitopes without 
the need for identification of individual antigens.8 9 Briefly, 
tumour cells are treated to render them non- proliferative 
via rapid freeze- thaw cycles, heat- shock or irradiation or 
lysed to produce tumour lysates.10 11 An analysis of 173 
published studies covering over 3000 patients revealed 
that those receiving whole tumour cell or lysate- based 
vaccines had objective responses of 8.1%, compared with 
only 3.6% in those receiving antigen- specific therapy.8 
However, it is worth noting that this analysis included a 
broad range of therapies, including dendritic cell- based 
vaccines as well as allogeneic and autologous whole- cell 
tumour vaccines. While lack of adjuvanticity or issues 
during manufacturing may be attributed for the differ-
ence in efficacy between preclinical and clinical studies, 
an immunosuppressive human tumour microenviron-
ment may also be a key barrier to a therapeutic effect.6

Autologous cell vaccines show renewed promise as the field 
of cancer immunotherapy progresses
Studies involving vaccination of patients with their own 
cancer cells (autologous cell vaccine) have consistently 
shown that survival is significantly better in patients that 
mount an immune response against their tumour cells, 
suggesting that when an immune response is generated, 
prognosis is improved.10 12–16 The strong immunological 
rationale for cytokine- based whole cell vaccines continues 
to drive the development of novel experimental 
approaches and currently two companies, Gradalis and 
Vaccinogen are pursuing phase III clinical trials based 
on promising clinical responses in ovarian and colon 
cancer.17 18 Specifically, Gradalis is undertaking a phase III 
randomised clinical trials of Vigil, an autologous ovarian 
cancer cell vaccine engineered to express granulocyte- 
macrophage colony- stimulating factor (GM- CSF) in 
combination with a knock- down of transforming growth 
factor β (TGFβ; bifunctional shRNA against furin), in 
resected patients with ovarian cancer based on promising 
phase II data.19 20 Vaccinogen is undertaking a phase IIIb 
confirmatory study of OncoVAX, an autologous colon 

cancer vaccine mixed with live Bacillus Calmette Guérin 
(BCG), in stage II patients with colon cancer following 
a significant improvement in overall and disease- free 
survival in this subgroup in a prior phase III study.21 22

While therapy with haematological malignancies are in 
earlier phases, successes have been observed in patients 
with acute myeloid leukaemia (AML), chronic lymphocytic 
leukaemia (CLL) and multiple myeloma.23 Combination 
therapy of GM- CSF- secreting K562 cells with autologous 
AML cells improved relapse- free survival in patients also 
receiving autologous haematopoietic cell transplanta-
tion and adoptive therapy.24 A similar treatment strategy 
(autologous tumour cells with GM- CSF- secreting K562 
cells) in CLL patients following hematopoietic stem cell 
transplantation (HCT) resulted in the development of 
T- cell immunity against autologous cells compared with 
patients undergoing HCT alone.25

Moreover, with the rapidly expanding number of 
immunotherapies, such as immune checkpoint inhibi-
tors, designed to reverse intratumoural immune suppres-
sion, cancer vaccines are further being re- evaluated for 
their potential in combination trials.26 27

research objectives
These systematic reviews and meta- analyses will review 
the evidence from controlled and uncontrolled interven-
tional studies of autologous cell vaccines administered 
to patients with cancer. Our reviews will aim to quantify 
the efficacy of this treatment in terms of clinical response 
rates, disease free- survival and overall survival of patients. 
We will also explore any safety concerns related to the 
treatment and correlative endpoints that predict efficacy. 
Separate reviews on the use of these vaccines in (1) solid 
and (2) haematological malignancies will be prepared 
given the inherent differences in the preparation and 
treatment of autologous cancer cell vaccines prepared 
from solid or haematological cancer cells.

Protocol
Our systematic review protocol is reported according to 
the Preferred Reporting Items for Systematic Review and 
Meta- Analysis Protocols guidelines.28 The reviews will be 
carried out in accordance with methodological recom-
mendations from the Cochrane Collaboration, and our 
protocol has been registered at the International Prospec-
tive Registry of Systematic Reviews.

MEthOds And AnAlysIs
Eligibility criteria
Population
Patients with cancer of any age (paediatric or adult) will be 
included. Patients with any type of cancer and any cancer 
stage will be included (distinguished only based on solid 
or haematological malignancies for each review). For 
studies on patients with solid tumour as well as patients 
with haematological malignancies, outcomes will only be 
reported from the patients with the indication of interest 
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for a given systematic review (eg, for the systematic review 
focusing on haematological malignancies).

Intervention
Any autologous whole cell tumour vaccine (ie, any whole 
cell product made from the patient’s own cancer cells 
and re- administered with or without an immunogen). We 
will be including autologous cell vaccines administered in 
both the adjuvant setting and the palliative setting.

Comparators
No comparator required.

Outcomes
The primary outcomes of interest in this review are clin-
ical response (complete or overall/objective response) 
and safety outcomes (adverse events (AEs)). Secondary 
outcomes include immune response, disease- free survival 
and overall survival. Tertiary outcomes include correla-
tive biological assays that predict efficacy, health- related 
quality of life (HRQoL) and health utility measures.

Study design
We will be including any interventional trial (randomised, 
non- randomised and quasi- randomised trials). Obser-
vational studies, case reports and case series will be 
excluded. Unpublished grey literature, abstracts, confer-
ence abstracts, commentaries, letters, reviews and edito-
rials will also be excluded.

Information sources
We will search Medline (OVID interface, including In- Pro-
cess and Epub Ahead of Print), Embase (OVID interface) 
and the Cochrane Central Register of Controlled Trials 
(Wiley interface) from 1947 to 30 July 2018. The search 
will also be updated prior to submission of the review for 
publication.  ClinicalTrials. gov will be searched to iden-
tify ongoing and completed trials. In addition, we will 
examine reference lists of included studies or relevant 
reviews identified through the search.

search strategy
A search strategy will be created in collaboration with an 
information specialist and a clinical expert in the field, in 
order to identify all potentially relevant studies. The liter-
ature strategies will be developed using keywords related 
to cancer and autologous whole cell vaccines. A Peer 
Review of Electronic Search Strategies will be performed 
by a second information specialist who is not associated 
with the project. Full- text articles in any language will 
be considered, and there will be no restriction on year 
of publication. The search strategy used in Medline can 
be found in online supplementary appendix 1. At time 
of revision of this protocol for publication, we have 
completed full text review and are embarking on a pilot 
trial for data extraction (table 1).

selection process
The literature search results will be uploaded to Distiller 
Systematic Review Software (Distiller, Evidence Partners, 

Ottawa, Canada). Distiller is a cloud- based software 
program that allows for transparent and reproducible 
work required for an accurate review. Two reviewers will 
independently screen the titles and abstracts from the 
search results using the predefined eligibility criteria. For 
all titles that appear to meet the inclusion criteria or where 
there is any uncertainty, we will access the full text. Two 
reviewers will then assess the eligibility of the full- text arti-
cles. Discrepancies between the reviewers will be resolved 
by discussion or with a third- party member if a consensus 
cannot be established. The study selection process will 
be documented and reported using a selection flow 
diagram, as recommended by Preferred Reporting Items 
for Systematic Reviews and Meta- Analyses (PRISMA)29 
(online supplementary appendix 2).

data collection process
Standardised drafts of data extraction forms will be 
designed to extract all data items of interest from the 
included studies. The drafts of the data extraction form 
will be used to inform the development of the online 
abstraction tool using DistillerSR. Data will be extracted 
independently by two reviewers. Disagreements between 
reviewers will be resolved by discussion or with a third- 
party member if a consensus cannot be reached.

data items
Data pertaining to the publication details (authors, 
year of publication, journal, location), study popula-
tion characteristics (age, sex, type of malignancy, stage 
of cancer, previous treatments), intervention character-
istics (method of autologous tumour cell harvest, feasi-
bility of vaccine creation (ie, number of patients treated 
over number of patients harvested), dose and number of 
treatments, schedule of administration, manipulation of 
autologous cells (eg, radiation, freezing), adjuvant coad-
ministration, product release assay used for safety and 
potency, central vs disseminated manufacturing of the 
vaccine), study design (methods, setting, sample size, 
number of centres), outcomes of interest and risk of bias 
details will be collected.

Outcomes and prioritisation
Primary outcomes
Clinical response will be defined by the type of disease 
(ie, solid or haematological malignancy). Response and 
the definition of response will be collected for each study. 
If complete response is not feasible, secondary response 
outcomes (when available) will be reported using best 
overall response. Best overall response will be defined 
according to the response evaluation criteria in solid 
tumours guidelines where patients will be assigned to one 
of the following categories: complete response, partial 
response, stable disease, progression or non- evaluable for 
response.30 31 Outcomes for haematological malignancies 
will be collected based on standard criteria.

We will also capture and report any provided safety data 
including AEs to evaluate the safety of autologous cell 

https://dx.doi.org/10.1136/bmjopen-2019-034714
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vaccines. Definition of AEs (if provided) will be collected 
for each study and AEs will be grouped by severity and 
the organ system affected. Data on serious AEs will also 
be collected and will include events that are life threat-
ening or result in death, hospitalisation or prolongation 
of hospitalisation (not for routine procedures) and/or 
persistent or serious disability or incapacity.32

Secondary outcomes
Adaptive immune responses to autologous tumours when 
characterised by standard Interferon-γ enzyme- linked 
immunosorbent spot (ELISPOT), delayed- type hyper-
sensitivity responses or flow cytometric analysis of intra-
cellular cytokine production following antigen specific 
stimulation will be recorded and reported.

Additionally we will report disease- free survival (length 
of time after treatment initiation that the patient survives 
without any detectable cancer), progression- free survival 
the length of time during and after the treatment of a 
disease that a patient lives with the disease but it does 
not get worse) and overall survival (time from the start of 
treatment to the time of death from any cause).

Tertiary outcomes
Tertiary outcomes of interest include patient experience, 
HRQoL and healthy utility measures. Tertiary outcomes 
collected at any time point during the study will be 
considered.

 ► Patient experience: a combination of different dimen-
sions including patient satisfaction, expectations 
and outcomes throughout the duration of clinical 
treatment.

 ► HRQoL: a multidimensional concept encompassing 
an individual’s self- perceived health status.

 ► Health utility: health utility reflects the preference 
values patients ascribe to their overall health status. 
It is a global measure of health status that summarises 
the effect of treatment into a value between 0 (death) 
and 1 (perfect health).

Due to the variety of measures for patient experience 
in clinical trials, all validated measures of HRQoL and 
health utility will be considered.

risk of bias assessment
Randomised controlled trials (RCTs) that met inclusion 
criteria will be assessed for risk of bias using the Cochrane 
Risk of Bias tool for RCTs.33 Non- RCTs will be assessed 
for risk of bias using the appropriate Cochrane Risk Of 
Bias In Non- randomized Studies tool.34 As no standard 
tool exists to assess the risk of bias for single- arm interven-
tional studies, we will use a modified Institute of Health 
Economics (IHE) risk of bias tool for case series studies 
with items incorporated from the Cochrane Collabora-
tion’s tool for assessing risk of bias in randomised trials.35 
This modified IHE tool has been previously employed 
by our group and includes, as previously described, 
‘assessment of study objective, design, study population, 
intervention and cointerventions, outcome measures 

(eg, blinding, incomplete outcome data such as partic-
ipants lost to follow- up, selective outcome reporting), 
statistical analysis, results and conclusions and conflicts 
of interest’.31 Risk of bias will be assessed by two inde-
pendent reviewers. Disagreements will be resolved first 
by discussion of by consulting a third- party member. 
Graphic representations of risk of bias within and across 
studies will be conducted using RevMan V.5.3 (Cochrane 
Collaboration, Oxford, UK).

data analysis
Studies will be pooled using Comprehensive Meta- 
Analyst (V.3; Biostat, Engelwood, NJ, USA). Dichotomous 
outcomes will be analysed using a random effects meta- 
analysis based on the DerSimonian Laird model, and 
reported as proportions or ORs with accompanying 95% 
confidence intervals (CIs). Continuous outcomes will be 
analysed using a random effects inverse variance meta- 
analysis, and reported as weighted mean difference or 
standardised mean difference (with 95% CI), depending 
on the nature of the data available. Time to event data will 
be presented as HRs, with accompanying 95% CIs. Non- 
quantitative data will be presented descriptively.

Statistical heterogeneity will be assessed using the 
Cochrane I2 statistic, as well as the χ2 test of the Cochrane 
Q statistic, depending on the analysis method. The 
thresholds for interpretation of I2 are as follows: 0%–40% 
low heterogeneity, 30%–60% moderate heterogeneity, 
50%–90% may represent substantial heterogeneity and 
75%–100% is considerable heterogeneity.36 If there is 
considerable heterogeneity (75%–100%) then sources 
of heterogeneity will be explored through subgroup and 
sensitivity analyses. The presence of publication bias will 
be investigated using funnel plots.

dealing with missing data
The authors of the individual studies included in our 
review will be contacted to obtain relevant missing data.

subgroup and sensitivity analyses
Planned subgroup analyses include analysis by disease 
indication, analysis by therapy indication (presence or 
absence of active disease at time of vaccination), type of 
vaccine adjuvant used (GM- CSF vs other), use of an infec-
tious agent, single versus multidose regimen, fresh versus 
frozen vaccine and vaccines manufactured at a central 
versus several distributed locations.

reporting of review
The findings of these systematic reviews will be reported 
according to the PRISMA statement.29 The completed 
checklist will be provided as supplementary material 
(online supplementary appendix 2).

Confidence in cumulative evidence
Grading of Recommendations, Assessment, Development 
and Evaluations (GRADE) will be used to systematically 
and comprehensively evaluate the quality of interven-
tion. This is recognised as a highly effective method that 

https://dx.doi.org/10.1136/bmjopen-2019-034714
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compares intervention efficacy and quality to clin-
ical recommendations. The quality of evidence will be 
assessed across the domains of risk of bias, consistency, 
directness, precision and publication bias, and will be 
assigned one of four GRADE scores (0–4) representing 
high, moderate, low or very low- quality evidence.37 High 
quality evidence reflects a high degree of confidence in 
the estimate of effect, and vice versa.

Patient and public involvement
There was no patient or public involvement in the plan-
ning or reporting of this protocol.

Ethics and dissemination
Ethics approval is not required for this systematic review 
protocol as the review will solely use previously published 
literature. Results will be submitted to peer- reviewed 
journals for publication and presented to relevant stake-
holders and scientific meetings.

Amendments
If amendments to the protocol are required, descrip-
tion, rationale and date of amendments will be posted to 
PROSPERO.
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