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Abstract: (1) Background: We aimed to estimate the pooled effectiveness and safety of vaccination in
follicular lymphoma (FL) and discuss implications for immunotherapy development. (2) Methods: We
included randomized trials (RCTs) of therapeutic vaccines in patients with FL. Progression-free survival
(PFS) was the primary outcome. We searched databases (PubMed, Embase, Scopus, Web of Science
Core, medRxiv) and registries (PROSPERO, CENTRAL, ClinicalTrials.gov, EuCTR, WHO ICTRP) and
conducted online, citation, and manual searches. We assessed risks of bias across outcomes using RoB
2.0 and across studies using ROB-ME and a contour-enhanced funnel plot. (3) Results: Three RCTs
were included (813 patients, both previously treated and untreated). Patients with a complete or partial
response after chemotherapy were randomized to either a patient-specific recombinant idiotype keyhole
limpet hemocyanin (Id-KLH) vaccine plus granulocyte–macrophage colony-stimulating factor (GM-CSF)
or placebo immunotherapy (KLH + GM-CSF). Meta-analyses showed that PFS was worse with the
vaccine, but not significantly: hazard ratio, 1.09 (95% CI 0.91–1.30). The GRADE certainty of evidence
was moderate. Adverse event data were mixed. (4) Conclusions: We are moderately certain that Id-KLH
results in little to no difference in PFS in FL. (5) Funding: Russian Science Foundation grant #22-25-00516.
(6) Registration: PROSPERO CRD42023457528.

Keywords: non-Hodgkin indolent lymphoma; immunization; individual participant data reconstruction

1. Introduction

Follicular lymphoma (FL) is a tumor that originates from germinal center (GC) B-cells
and is characterized by certain histological features: predominance of follicular morphology
and preservation of GC architecture; immunophenotypic features, where FL B-cells express
GC markers BCL-6+ and CD10+; and molecular features indicating ongoing class-switch
recombination and somatic hypermutation. An important clinical characteristic of FL is its
indolent course, with periods of relapse and remission, and remission periods gradually
shortening with disease progression [1].

FL is the most common subtype of indolent lymphoma and the second most common
subtype of all lymphomas. FL in the United States and Western Europe accounts for approx-
imately 35% of all non-Hodgkin lymphomas (NHLs), and 70% of indolent lymphomas [2].
The incidence of FL in the US is approximately 3.18 cases per 100,000 per year, and in
Europe the incidence is approximately 3.14 cases per 100,000 per year [3,4]. Moreover, the
number of cases increases with age: in the age group of 60–70 years, the incidence rate is
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already 10 people per 100,000, and the median age at diagnosis is 65 years [3,5]. It is worth
noting that the incidence of FL is slightly higher for relatives of people with FL [6].

FL cells are derived from normal germinal center B cells blocked at the differentiation
stage. The molecular hallmark of FL is the t(14;18)(q32;q21) translocation, with the BCL2
gene placed under the control of the IGH locus, which leads to overexpression of the anti-
apoptotic protein BCL2 [1]. However, only 70–90% of patients with FL have this mutation,
and the t(14;18) translocation can also occur in B cells of healthy people and patients with
other tumors [7]. Another important molecular characteristic of FL is the high frequency
of mutations disrupting epigenetic regulation, with more than 90% of patients having
mutations in one or more chromatin-modifying genes [1]. As an example, the following
genes can be mentioned: KMT2D, CREBBP, EZH2, EP3000 [8].

FL is characterized by an indolent course. The most common symptom is asymp-
tomatic lymphadenopathy, which may wax and wane for years. Extranodal lesions most
often affect the bone marrow; other organs are affected much less frequently. Many patients
have no symptoms, but some present with B symptoms [9]. FL can undergo histologi-
cal transformation into diffuse large B cell lymphoma, which is characterized by a more
aggressive course with the rapid progression of symptoms and a worse prognosis [10].

The management of FL depends on many factors, and there is still no consensus on
the optimal choice of treatment options. In the early stages (Ann Arbor classification stage
1/2), local radiotherapy is preferred, to which rituximab, as an anti-CD20 antibody, may
be added, and a watch-and-wait strategy or systemic therapy may also be considered.
For newly diagnosed advanced FL (Ann Arbor classification stage 3/4), a watch-and-wait
strategy may also be considered for asymptomatic patients [10,11]. The Groupe d’Etude des
Lymphomes Folliculaires (GELF) criteria or the British National Lymphoma Investigation
(BNLI) criteria can be used to decide whether to initiate therapy [12,13].

If the decision to start therapy is made, then the method of choice is chemoimmunother-
apy. Adding rituximab to a chemotherapy regimen improves progression-free survival
(PFS) and overall survival (OS) [14]. The most commonly used chemotherapy regimens
are Rituximab + Cyclophosphamide, Doxorubicin, Vincristine, and Prednisone (R-CHOP);
Bendamustine + Rituximab (BR); and Rituximab + Cyclophosphamide, Vincristine, and
Prednisone (R-CVP). In addition, monotherapy with rituximab may be considered. Obin-
utuzumab, another anti-CD20 antibody, may be an alternative to rituximab [10]. The
lenalidomide–rituximab combination has the same efficacy as immunochemotherapy [15].

For patients with relapsed and refractory FL, treatment will depend on the effectiveness of
previous regimens, duration of response, and stage of relapse. To treat relapses, the treatment
regimens described above can be used, as well as radioimmunotherapy—ibritumomab-
tiuxetan, a phosphoinositide 3-kinase (PI3K) inhibitor idelalisib, and autologous/allogeneic
hematopoietic stem cell transplantation (HSCT) [15]. A T-cell-engaging CD20 × CD3 bispecific
monoclonal antibody mosunetuzumab could be named as a new promising therapeutic agent
for relapsed and refractory FL management. A recent phase 2 study demonstrated a significant
increase in complete response rate with Mosunetuzumab therapy (60.0% [95% CI, 49.1–70.2])
compared with the historical control complete response rate with copanlisib (PI3K inhibitor)
of 14% [16].

However, at present, genetic engineering therapy plays an increasingly important
role in the treatment of various diseases. FLs are no exception. At present, CAR-T and
antitumor vaccines are promising methods of therapy.

CAR-T therapy is an extremely effective and relatively safe treatment for relapsed/
refractory forms of FL. Currently, two anti-CD19-specific drugs are registered with the U.S.
Food and Drug Administration (FDA)—axicabtagene ciloleucel (axi-cel) and tisagenlecleu-
cel. Both drugs show high response rates, complete remission rates, 2-year OS (axi-cel),
1-year PFS (tisagen-lecleucel), and a low rate of predictable severe complications [17,18]. It
is worth saying that, at present, there are no studies directly comparing CAR-T and other
lines of therapy [19]. However, from the available indirect evidence, CAR-T has a higher
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complete remission rate than PI3K and EZH2 inhibitors, and better tolerability and lower
mortality compared with allo-HSCT [19,20].

Antitumor vaccines are a type of active immunotherapy aimed at developing an
immune response to certain tumor antigens. There are significant differences between
cancer and traditional vaccines. Traditional vaccines aim to either prevent an infectious
disease or, if it develops, to alleviate the disease. In addition, traditional vaccines only
affect humoral immunity. At the same time, CD8+ cellular immunity mediated by cytotoxic
T cells is crucial to ensure the destruction of malignant cells in the creation of anti-tumor
vaccines [21]. Also, in the case of antitumor vaccines, it is difficult to find a suitable tumor-
specific antigen against which an effective immune response can be generated. Most tumor-
associated antigens are also expressed on normal human cells, and, normally, the immune
cells that are able to recognize them are a target of immune tolerance mechanisms [22].

Depending on the form of the delivered antigen, vaccines can be divided into several
types: peptide (proteins of cancer antigens), cellular (dendritic cells loaded with tumor
antigens, lysed tumor cells), and those using DNA/RNA with encoded antigen sequences
(plasmids, viral vectors, various RNA-based platforms) [23]. Antitumor vaccines can also
be divided into autologous and allogeneic. Autologous vaccines include dendritic vaccines,
and allogeneic vaccines include peptide vaccines, DNA vaccines, mRNA vaccines, and
adenovirus vaccines [24,25].

Antitumor vaccines have long attracted attention from scientists. At present, there are
many preclinical and clinical studies for different types of tumors, but only two therapeutic
cancer vaccines (sipuleucel-T for prostate cancer [26] and talimogene laherparepvec (T-
VEC) for melanoma [27]) were approved by the FDA and the European Medicines Agency
(EMA) [28].

Vaccines directed against FL have been the subject of clinical studies for many years,
but no systematic review has been completed on this topic until now. In 2011, Ossendorf
et al. published a Cochrane protocol dedicated to idiotype vaccination for non-Hodgkin
lymphoma, but it was withdrawn in 2016 due to a lack of progress. We have reviewed and
gained insights from this protocol.

This work was inspired by the recent successes of mRNA vaccines. The synthetic
mRNA format proved to be the fastest and safest, and highly effective, even at the low dose
of a few micrograms per injection. Nucleic-acid-based vaccines have several advantages
over other types of vaccines, such as stimulating a strong specific immune response, the
ability to assist in antigen detection, their enabling the rapid screening of candidate vaccines,
their common manufacturing platform, and their relatively low development costs. In
addition, the problem of intracellular delivery of nucleic acids is likely to be overcome
over time, and progress in this field has the potential to increase the effectiveness of such
vaccines dramatically.

The aim of this study is to evaluate the effectiveness and safety of therapeutic vaccines
in patients with FL, in order to form the basis for further work on the development of
therapeutic mRNA vaccines for FL. In our review, we focus on the results of clinical trials of
FL vaccines and discuss possible strategies for increasing their effectiveness in the future.

2. Materials and Methods

This systematic review was conducted using the Cochrane Handbook version 6.4 [29]
and reported in accordance with PRISMA 2020 [30] and PRISMA-S [31]. The protocol
was developed and prospectively registered in PROSPERO: https://www.crd.york.ac.uk/
prospero/display_record.php?ID=CRD42023457528 (accessed on 10 January 2024).

2.1. Eligibility Criteria
2.1.1. Types of Studies

We considered any randomized controlled trials (RCTs) with no restrictions on language
or date of publication. Commentaries and editorials were ineligible for inclusion. Systematic
reviews and study protocols were not included but were reviewed for eligible references.

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023457528
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023457528
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2.1.2. Types of Participants

Patients of any age, sex, and race with a histologically confirmed diagnosis of FL
and any stage or grade of disease were eligible. We considered patients who had already
undergone any type of therapy for FL, as well as patients who had not been treated for FL
prior to trial enrollment. If patients with other types of lymphoma were recruited along
with patients with FL in the study under consideration, we would include such studies
whenever possible and select data relating only to patients with FL.

Pre-clinical studies, such as in vitro, in silico, or animal models, were ineligible.

2.1.3. Types of Interventions

We considered therapeutic antitumor vaccines. Therapeutic antitumor vaccines were
defined as interventions designed to induce and/or enhance a specific immune response
against tumor-associated and/or tumor-specific antigens. The following types of vaccines
were eligible [25]:

• Autologous therapeutic vaccines:

◦ Vaccination with inactivated autologous tumor cells and adjuvant;
◦ In situ vaccination;
◦ Autologous dendritic cell vaccines.

• Allogeneic therapeutic vaccines:

◦ Tumor-associated antigen-based vaccines;
◦ Neoantigen-based vaccines;
◦ Idiotype therapeutic vaccines.

2.1.4. Types of Outcome Measures

We did not review outcomes at the report-selection stage.

2.2. Information Sources

We searched an extensive range of information sources, including bibliographic
databases (Embase Classic and Embase through Ovid; Scopus; PubMed; several Web
of Science databases, including the Core Collection), preprint servers (bioRxiv, medRxiv,
and other preprint servers via the OSF Preprint Archive Search), and study registries
(PROSPERO; Cochrane Central Register of Controlled Trials; ClinicalTrials.gov; EU Clinical
Trials Register; other study registers via the WHO International Clinical Trials Registry
Platform Search Portal). The choice of information sources was justified based on the
Cochrane Handbook for Systematic Reviews of Interventions version 6.4 [29] and specific
guidance for register searches [32]. Please refer to the search strategies report in the review
repository for a full listing of information sources (see the Data Availability Statement).

Reference lists of the included reports were screened for additional potentially eligible
records by A.S. On 22 January 2024, P.Z. conducted a Scopus-powered forward citation
search based on the three main reports of the included studies, and A.S. scanned the results
or potentially eligible reports.

As suggested by an anonymous peer reviewer, we supplemented electronic searches
with manual searches of relevant journals and conference proceedings to enhance the com-
pleteness of the coverage. We reviewed the official websites and conference proceedings
databases of major professional societies in hematological oncology, namely the American
Society of Clinical Oncology (ASCO) and Journal of Clinical Oncology/ASCO Publications,
American Society of Hematology (ASH) and Blood, and the European Hematology Associa-
tion (EHA). Of note, all three of the included studies were reported in these journals [33–35].

We did not plan to contact study authors but did contact them eventually in an attempt
to procure individual participant data for analyses (see Section 3.2).
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2.3. Search Strategy

We leveraged the search strategies developed by several Cochrane teams [36–39].
Please refer to the search strategies report in the review repository for the full search
strategies used for each database and register (see the Data Availability Statement).

We supplemented the initial searches with a series of Google searches, as well as
searches in the aforementioned trial registries, using the identified vaccine names (“Bio-
vaxID”, “Specifid”, “MyVax”) to identify additional reports of the included trials.

2.4. Study Records
2.4.1. Data Management

The review is hosted in an Open Science Framework repository [40]. P.Z. was responsi-
ble for managing the repository and all other data and software in the course of this review.
Screening was conducted in Rayyan [41]. Data extraction was completed using sysrev.com,
free edition.

2.4.2. Selection Process

We deduplicated records automatically using the Thorough (Focused) Algorithm of
Systematic Review Accelerator’s Deduplicator [42], then manually using in-built Rayyan
deduplication features. The reported diagnostic sensitivity and specificity of an early
version of this deduplication algorithm are 84% and 100%, respectively [43], suggesting
that it “may mislabel non-duplicates but misses very few actual duplicates” [44]. After
deduplication, we applied RobotSearch, a support vector machine (SVM) classifier trained
for identifying RCTs. We used Taren Sanders’ fork of RobotSearch [45], which is up-to-
date for current Python setups. In the original evaluation, RobotSearch performed with a
promising area under a receiver operating characteristic curve (AUROC) of 0.987; 95% CI,
0.984–0.989 [46].

For pilot screening, we randomly selected 500 records from the deduplicated record
set and uploaded them into Rayyan. We completed randomization of the pilot set using the
RANDOM.ORG Integer Set Generator in Advanced Mode [47]. The rationale for choosing
the pilot sample size was as follows: Based on the prevalence of “vaccine” (6.6%, or 581
hits in 8745), “[a] minimum of 423 subjects are required for this study of interobserver
agreement” (CIBinary(kappa0 = 0.75, kappaL = 0.6, kappaU = 0.9, props = c(0.934, 0.066),
raters = 2, alpha = 0.05)) (R package kappaSize version 1.2 [48]). Given that the actual
inclusion rate might have been even lower, e.g., 6% (a minimum of 462 subjects), a sample
size of 500 appeared appropriate.

At the end of the piloting procedure, we calculated Randolph’s free-marginal multirater
kappa [49] to measure inter-rater agreement for the screeners (2 raters; 2 categories—Included
or Excluded; 500 cases). We used an original Python script written by A.S. as part of this
review [50] for kappa calculation. The kappa calculation algorithm was reverse-engineered
from Randolph’s original online application. If the lower margin of the kappa CI was higher
than 0.6, we would consider piloting successful. Otherwise, we planned to discuss ways to
improve agreement and conduct another piloting procedure in the same way as the initial one.
The repeated piloting would be considered successful, regardless of its kappa value, to save
resources. High inter-rater agreement was observed: A.S.-A.P., kappa 0.92 (95% CI, 0.89–0.96);
A.S.-A.L., kappa (95% CI, 0.94–0.98); A.S.-K.V., kappa 0.98 (95% CI, 0.96–1.00).

For actual screening, an original Python script was developed by A.S. [50] and used to
split the deduplicated record set, save the pilot subset, into subsets of 500 and randomize
them to ensure the homogeneity of the batches. Screener masking was implemented
using the Rayyan software (https://www.rayyan.ai) [41] Blind mode, which ensures that
screening decisions are invisible to other screeners. We did not discuss screening decisions
before the independent screening stage was completed by all screeners. Screening by title
and abstract was conducted independently and in duplicate by four screeners (A.S., A.P.,
A.L., K.V.), divided into three pairs (A.S.-A.P., A.S.-A.L., A.S.-K.V.). Randomized subsets
were uploaded into Rayyan and assigned to the pairs. We did not plan to conduct periodic

https://www.rayyan.ai
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inter-rater agreement checks; however, high inter-rater agreement was observed during
pilot screening, and randomization ensured the consistent composition of record batches
throughout the screening process.

After screening by title and abstract, full texts were retrieved by A.S. For any reports
not written in English or Russian, an attempt would be made to translate them using
either Google Translate document (or image) translation or DeepL Translate Files [51],
whichever was the first to provide a comprehensible result. Four authors (A.S., A.P., A.L.,
K.V.), working in pairs, assessed the full texts for eligibility both independently and in
duplicate. Discrepancies were resolved by consensus. Finally, P.Z. collated the included
reports by study.

2.4.3. Data Collection Process

Form building and a further data extraction process was conducted via Sysrev [52],
both independently and in duplicate, by two authors (A.S., P.Z.). Due to the low number of
included studies (n = 3), the pilot data extraction form had a low yield, and we decided
to complete data extraction in one step. Of note, our data extraction form was developed
and published as part of the a priori systematic review protocol, so the review team was
familiar with it. Both extractors filled in the forms and consolidated the data via discussion.
No changes were made to the data extraction form, which remained as pre-specified and
prospectively published in the PROSPERO registry and the review data repository. The
data in the manuscript align with the contents of the form. Additionally, A.S. extracted
and P.Z. cross-checked data from the Kaplan–Meier (KM) curves from the included reports
using ChartDetective [53]. All disagreements were resolved after data extraction. All data
were published in two formats, as extracted and as prepared for analyses (see the Data
Availability Statement).

2.5. Data Items

We based our list of variables for extraction on the comprehensive list used by Itchaki
et al. (2013) [37], with modifications (K.L., A.M.). A full listing is available from the review
repository (see the Data Availability Statement). If few data were available in the trial
reports to analyze these outcomes, we would consider all types of reported outcomes.

2.6. Outcomes and Prioritization

We used the approach outlined by Itchaki et al. (2013) [37], with modifications (K.L.,
A.M.). The primary outcome was progression-free survival (PFS) as defined by Cheson et al.
(2007) [54]: “disease progression or death as a result of any cause measured from entry
onto study”. We decided to choose PFS as the primary outcome, based on its widespread
use as an indicator of the effectiveness of therapy in oncology. We were also guided by
the features of the natural history of FL, namely its long indolent course, which makes
the assessment of the key outcome in oncology—overall survival (OS)—difficult. This
approach has potential limitations due to the fact that PFS is a surrogate endpoint and is
not associated with the hard clinical endpoint—OS for all tumors. Secondary outcomes
included OS, defined as “death as a result of any cause measured from entry onto study”,
the interval between the start of study and treatment, the duration of response (remission
duration), the ratio of complete response to partial response (CR/PR), the percentage
relapsed out of CR, treatment-related toxicity (cardiotoxicity, myelosuppression, infections,
alopecia, and stomatitis), and other adverse events as defined in the individual study.

2.7. Risk of Bias in Individual Studies

We used RoB 2.0 [55] for outcome-level risk-of-bias assessments. We did not plan any
subgroup analyses by risk of bias due to a known low number of the included studies. A
risk-of-bias graph and summary visualizations were created using the R package robvis
version 0.3.0 [56].
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2.8. Data Synthesis

We planned to conduct quantitative synthesis if we deemed patients’ characteristics
homogenous across the included studies. Our most important concern was pooling newly
diagnosed lymphoma with relapsed or refractory lymphoma, which would not arguably
comprise a clinically meaningful population (K.L.). Another important concern was the
type of vaccine used: the pooling effects of autologous and allogeneic vaccines could be
controversial (A.M.). If quantitative synthesis was not appropriate, we would descriptively
summarize the contents of the data extraction form for each study and elaborate on these
findings in the discussion.

We based our quantitative analysis strategy on the report by Ossendorf et al. (2011),
with modifications. We used I2 to measure heterogeneity, with I2 > 30% deemed moderate
heterogeneity and I2 > 75% deemed considerable heterogeneity. We performed meta-
analyses using a fixed-effects model because we did not expect unexplained heterogeneity
given the similar populations, interventions, and design of the trials. However, given the
heterogeneity that was observed, we also presented the results of meta-analyses carried out
using the random-effects model, but we did not use them in the Summary of Findings table
to adhere to the original systematic review protocol. We did not plan to conduct additional
analyses due to the low number of included studies but did conduct several analyses out
of necessity (see Section 3.9). All analyses were conducted in R by A.S. and checked by P.Z.,
notably using the packages survival version 3.5-7 [57,58], meta version 6.5-0 [59], survminer
version 0.4.9 [60], and forestplot version 3.1.3 [61]; raw R code is available from the review
repository (see the Data Availability Statement).

2.9. Meta-Bias(es)

We assessed the risk of publication bias using a contour-enhanced funnel plot, gener-
ated using the R package meta [59]. We assessed the risk of bias due to missing evidence
using ROB-ME [62].

2.10. Confidence in Cumulative Evidence

We determined certainty of evidence using the GRADE guidance for systematic
reviewers [29]. We summarized the review findings in a GRADE Summary of Findings
table (v3), generated using the GRADEpro Guideline Development Tool [63].

3. Results
3.1. Summary of Findings

Three randomized controlled trials (RCT) met the inclusion criteria. The total number
of patients was 813. The primary outcome was PFS. A meta-analysis showed that the
hazards of disease progression in the vaccine group were higher than in the placebo group,
but this difference was not statistically significant: Hazard ratio (HR) of 1.09 (95% CI, 0.91
to 1.3, p = 0.36). The certainty of evidence was moderate (Table 1).

3.2. Study Selection

Searches were conducted on 17 December 2022. As reported in the flow diagram
(Figure 1), we found 35,476 records in databases and registers (32,642 from databases, 2834
from registers; complete bibliographies for each information source are available from the
review repository—see the Data Availability Statement).

After the removal of 9716 duplicates, 25,760 records remained for screening. After
applying the RobotSearch classifier and manually correcting the output RIS file for end-of-
record (ER) tags, which were corrupted for some records, 17,019 records were removed,
and 8741 potential RCT records were selected and then screened manually.
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Table 1. Summary of findings table. Patient-specific recombinant idiotype keyhole limpet hemo-
cyanin (Id-KLH) vaccine compared to KLH-KLH placebo for follicular lymphoma, treated or un-
treated. Patient or population: follicular lymphoma, treated or untreated. Setting: clinical trial,
post-chemotherapy treatment combined with granulocyte–macrophage colony-stimulating factor
(GM-CSF). Intervention: patient-specific recombinant idiotype keyhole limpet hemocyanin (Id-KLH)
vaccine. Comparison: KLH-KLH placebo.

Anticipated Absolute Effects (95% CI)Outcome
N◦ of Participants

(Studies)

Relative Effect
(95% CI)

With
Placebo With Vaccine Difference

Certainty What Happens

With baseline risk from the BiovaxID trial

78.0% 80.8%
(74.8 to 86)

2.8% more
(3.2 fewer to

8 more)
With baseline risk from the Specifid trial

57.0% 60.1%
(53.6 to 66.6)

3.1% more
(3.4 fewer to

9.6 more)
With baseline risk from the MyVax trial

Progression-free survival
(PFS)

assessed with: Hazard
Ratio

follow-up: median
42.8 months

N◦ of participants: 813
(3 RCTs)

HR 1.09
(0.91 to 1.3)

[Progression-
free survival]

63.0% 66.2%
(59.5 to 72.5)

3.2% more
(3.5 fewer to

9.5 more)

⊕⊕⊕#
Moderate

Therapeutic
antitumor vaccines
likely result in little
to no difference in
progression-free
survival, with a
non-significant

increase in hazards
of disease

progression with
vaccines.

The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison
group and the relative effect of the intervention (and its 95% CI). CI: confidence interval; HR: hazard ratio. GRADE
Working Group grades of evidence. High certainty: we are very confident that the true effect lies close to that of
the estimate of the effect. Moderate certainty: we are moderately confident in the effect estimate: the true effect
is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low
certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the
estimate of the effect. Very low certainty: we have very little confidence in the effect estimate: the true effect is
likely to be substantially different from the estimate of effect.

Figure 1. PRISMA 2020 flow diagram.

After screening, 95 records were deemed eligible for inclusion, for which we were
able to retrieve 81 full-text reports (a complete bibliography of the reports that we failed
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to retrieve is available from the review repository—see the Data Availability Statement).
Two of the retrieved reports were in languages other than English: one in German [64] and
one in Spanish [65]. Both were successfully machine-translated for the purpose of eligi-
bility assessment. After the full-text screening, 11 reports (8 publications and 3 electronic
supplemental materials), collated into 3 studies, were included: BiovaxID (BV) [34,56–70],
Specifid (SP) [33] (also known as FavId), and MyVax (MV) [35]. After a review of the
included reports for relevant references, additional Google and trial registry searches, a
forward citation search, and manual searches, 3 more eligible associated reports were
included (BV [71]; SP [72,73]), leading to a total of 14 reports. In particular, the forward
citation search was unhelpful, and the manual review yielded one additional report [72], a
preliminary report of the SP trial, which did not contribute additional information. A full
report of the forward citation and manual searches is available from the review repository
(see the Data Availability Statement).

A total of 73 reports identified via databases and registers, including both machine-
translated reports, were deemed ineligible (a complete bibliography is available from the
review repository—see the Data Availability Statement). The reasons for exclusion were as
follows: not an RCT (n = 43); potentially eligible register records with no results posted (n = 12);
commentary articles and reviews (n = 11); did not include patients with FL (n = 4); and 3
were “near-misses” (reports that appeared but were not eligible). During backward citation
searches, we screened and excluded 15 more reports, all for one reason—“not an RCT”.

The following reports were among the near-misses: A report by Santos et al. (2005) [74]
appeared to meet the eligibility criteria and was related to one of the three included studies
(BV); however, this poster session actually reported on the outcome of a non-RCT phase II
study with a brief mention of the phase III RCT, and the reported information was later
superseded by more recent reports. A report by Timmerman et al. (2009) [75] was similar:
it reported a phase I/II trial while mentioning a phase III trial (MV). Finally, a publication
by Koc et al. (2004) [76] reported a non-controlled trial of the SP vaccine while noting that a
phase III trial was underway.

We contacted the corresponding authors of the three included trials via email three
times over a period of six weeks and asked them to share individual participant data.
One author responded (SP) and advised that they did not have the primary data because
the trial was sponsored by a pharmaceutical company (Favrille). Additionally, we filed
a Freedom of Information Act (FOIA) request to the U.S. Food and Drug Administration
(FDA) to retrieve Clinical Study Reports. In response, an FDA representative advised that
the documentation related to these three trials is not disclosable under the FOIA because
the drugs were not approved by the FDA.

3.3. Patient Characteristics

All three included studies were multicenter RCTs performed between 2004 and 2014,
which enrolled a total of 870 participants. The patient groups were comparable in their
characteristics (Table 2). However, MV and BV included only treatment-naïve patients,
whereas SP participants were untreated or developed relapsed or refractory disease after
prior chemotherapy.

Table 2. Patient characteristics.

All Patients BiovaxID Specifid MyVax

Newly diagnosed, relapsed, or
refractory disease? All treatment-naïve Treatment-naïve and

relapsed refractory All treatment-naïve

Number of patients
randomized 177 349 287

Age Mean, 49.5
SD, 10.4

Median, 54
Range, 21–86

Median, 50
Range, 23–80
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Table 2. Cont.

All Patients BiovaxID Specifid MyVax

Female, % 45.7 43.3 54.7

Previous treatment
Previously untreated (except:
prednisone for < 2 months,

radiation alone)

No more than two systemic
lymphoma therapies Previously untreated

FLIPI (risk group, %)

Low or intermediate, 87.6
High intermediate or high,

12.0
Unknown, 0.4

Low, 37.0
Intermediate, 39.3

High, 22.3
Unknown, 1.4

Low, 10.0
Intermediate, 53.3

High, 36.0
Unknown, 0.7

Grade, %
Grade 1, 45.7
Grade 2, 53.4
Unknown, 0.9

Grade 1, 52.0
Grade 2, 41.0

Grade 3 (or unknown), 7.0

Grade 1, 51.0
Grade 2, 39.0
Grade 3, 7.0

Unknown, 3.0

Stage, %
Stage 2, 2.9

Stage 3, 26.5
Stage 4, 69.7

Stage 1, 2.0
Stage 2, 11.0
Stage 3, 40.1
Stage 4, 46.0

Unknown, 0.9

Stage 3, 40.4
Stage 4, 59.6

Histologic confirmation All All All

ECOG performance status, %

ECOG 0, 75.6
ECOG 1, 23.1
ECOG 2, 0.9

Unknown, 0.4

ECOG 0, 85.4
ECOG 1, 14.3

ECOG 2 (or unknown), 0.3

ECOG 0, 70.0
ECOG 1, 28.6
Unknown, 1.4

All patients BiovaxID Specifid MyVax

ECOG, Eastern Cooperative Oncology Group; FLIPI, Follicular Lymphoma International Prognostic Index; SD,
standard deviation.

3.4. Study Designs

In each study, participants received chemotherapy before vaccination, but the regi-
mens differed between studies: BV used Prednisone, Doxorubicin, Cyclophosphamide,
and Etoposide (PACE) (min 6 cycles) or Rituximab + Cyclophosphamide, Doxorubicin,
Vincristine, and Prednisone (R-CHOP) regimens; SP used rituximab (4 doses weekly for
4 weeks); and MV participants underwent eight cycles of the Cyclophosphamide, Vin-
cristine, and Prednisone (CVP) regimen. Chemotherapy in each study was followed by
a rest period, after which those patients who achieved CR or CR unconfirmed (CRu) (or
PR in SP and MV) were randomized into two arms: vaccine and control. Randomization
in BV and MV was completed in a 2:1 ratio in favor of the vaccine group; in SP, the ratio
was 1:1. The drugs were administered in courses, and their composition was similar in all
studies. Differences were present in the number of courses and the time frame of therapy
were. For example, BV participants underwent five courses (4 days once a month) over
6 months. In the SP trial, courses were repeated monthly for the first six doses, every
2 months for the second six doses, and every 3 months for the third six doses until disease
progression or excessive toxicity. MV participants were given seven courses at monthly
intervals. Follow-up examinations of participants were similar in all studies and included
physician assessment, CT scans, and blood tests. A detailed comparison of the study
designs is available in Table 3.
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Table 3. Study designs.

Study Characteristic BiovaxID Specifid MyVax

Pre-vaccination therapy PACE (min 6 cycles) or
R-CHOP

Rituximab mg/m2 weekly for
4 weeks

CVP 8 cycles

Response status after
pre-vaccination therapy CR or unconfirmed CR SD, PR, or CR PR, CR, or unconfirmed CR

Randomization parameters

Randomization 2:1 in favor of
the vaccine group

Patients were stratified by IPI
group (0–2 vs. 3–4) and

number of chemotherapy
cycles given (≤8 vs. >8)

Randomization 1:1
Patients were stratified by

prior treatment
(treatment-naïve vs.

relapsed/refractory disease)
and response to rituximab
therapy (CR/PR vs. SD)

Randomization 2:1 in favor of
the vaccine group

Patients were stratified by
study site and disease

response status (CRu/PR
vs. CR)

Vaccine manufacturing details

Isotype-matched (IgM/IgG)
Id protein manufactured
using a heterohybridoma

technology

Isotype-matched Id protein
manufactured using a

proprietary recombinant
technology

Isotype-matched Id protein
manufactured using a

recombinant technology

Therapy by study arm

Vaccine: 0.5 mg ID-KLH
(1 day) + GM-CSF

100 mcg/m2/d (1 to 4 days)
Control: 0.5 mg
KLH + GM-CSF

100 mcg/m2/d (1 to 4 days)

Vaccine: 0.5 mg ID + 0.5 mg
KLH (1 day) + 250 mcg/d

GM-CSF (1 to 4 days)
Control: 0.5 mg KLH +

250 mcg/d GM-CSF (1 to
4 days)

Vaccine: 0.5 mg ID + 0.5 mg
KLH (1 day) 250 mcg/d

GM-CSF (1 to 4 days)
Control: 0.5 mg KLH +

250 mcg/d GM-CSF (1 to
4 days);

Therapy regimen
Five ID vaccine or control
injections at 1, 2, 3, 4, and

6 months

Monthly for first 6 doses,
every 2 months for next
6 doses, and then every

3 months until evidence of
progressive disease or
unacceptable toxicity

was observed

Seven ID vaccine or control
injections at 4-week intervals

over a period of 24 weeks

Primary outcomes DFS TTP PFS

Secondary outcomes OS, safety, immunologic, and
molecular responses

ORR, RRI, duration of
response, safety SALT-FS, IRS, safety

Study characteristic BiovaxID Specifid MyVax

CR, complete response; CVP, Cyclophosphamide, Vincristine, and Prednisone; DFS, disease-free survival; GM-CSF,
granulocyte-macrophage colony-stimulating factor; ID, idiotype; IPI, International Prognostic Index; IRS, immune
response; KLH, keyhole limpet hemocyanin; ORR, objective response rate; OS, overall survival; PACE, Prednisone,
Doxorubicin, Cyclophosphamide, and Etoposide; PFS, progression-free survival; PR, partial response; R-CHOP,
Rituximab + Cyclophosphamide, Doxorubicin, Vincristine, and Prednisone; RRI, rate of response improvement;
SALT-FS, subsequent antilymphoma-therapy-free survival; SD, stable disease; TTP, time to progression.

3.5. Outcomes

PFS as an outcome was only explicitly reported in MV. The definition of PFS in this
study was: “time from random assignment to the earliest time point identifying progression
or death resulting from any cause”. In the BV study, disease-free survival (DFS) was chosen
as the primary endpoint and was described by the authors as “calculated from date of
randomization until date of relapse or last follow-up”. For SP, the primary endpoint was
time to progression (TTP), described by the authors as “measured from the date of random
assignment to the date of first documentation of PD [progressive disease], initiation of
another therapy for lymphoma, or death as a result of lymphoma”. These three definitions
are slightly different but close in meaning; for this reason, we considered it appropriate to
perform a meta-analysis.

The secondary outcomes described in the reports included the following: for BV, OS,
safety, immunologic, and molecular responses; for SP, objective response rate (ORR), rate of
response improvement (RRI) (defined as “the percentage of patients with SD or a PR after
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rituximab whose response subsequently improved to a PR or CR”), duration of response,
and safety; for MV, subsequent antilymphoma-therapy-free survival (SALT-FS) (defined
as “time from random assignment to SALT or death resulting from lymphoma”), humoral
immune response (IR), and safety.

3.6. Risk of Bias in Studies

Risk-of-bias judgments are summarized in Figures 2 and 3.

Figure 2. Risk of bias traffic lights graph.

Figure 3. Risk of bias summary graph.

3.6.1. Bias Due to Randomization

Allocation in all studies was centralized and randomized. The allocation sequence
was also concealed until participants were enrolled and assigned to interventions.

For two studies (BV, MV), baseline differences were not identified between intervention
groups. In SP, there was a significant imbalance between groups for the FLIPI risk scores
(Fisher exact test p-value = 0.0079), but the FLIPI components’ scores that were described in the
article did not differ between groups. Thus, the difference in FLIPI scores was considered com-
patible with chance or flawed reporting but unlikely to have arisen from any randomization
issues because, in this case, other baseline differences would have to be expected.

3.6.2. Bias Due to Deviation from the Intended Interventions

In all three studies, participants, caregivers, and professionals delivering the interven-
tions were not aware of participants’ assigned interventions during the trial. However, the
SP report contained insufficient information on masking to draw an unequivocal conclusion.
For the outcomes we assessed, the analyses were performed correctly in all three studies.
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3.6.3. Bias Due to Missing Outcome Data

In the BV study, data were available for 97% of participants, so the risk of bias in this
case is low.

Regarding SP, we were uncertain of the number of participants for whom data were
missing. For example, the study stated that “312 patients comprised the efficacy-assessable
population”, which implies that data are missing for 37 participants out of 349 (11%).
However, in a table in the report, a column labeled “permanently censored” included
49 participants (14% of the total). The outcomes for this group of participants were not
reflected in the report; no explanation was provided in the report, so the data are not likely
to be missing at random. Taking all of the above into account, the risk of bias in this case
should be considered high.

The MV study did not report the number of participants who were available for PFS
assessment, but such data were reported for IR assessment (n = 270), an outcome that was
not considered in our review. Also, the MV study protocol contained an accurate description
of the censoring process, but these data were not reported. Under the assumption that the
number of participants available for PFS assessment was equal to the number available for
IR assessment, data would be missing for 17 participants (6% of the total of 287), which is
insignificant. However, this assumption is unfounded, so the risk of bias in this case should
be considered high.

3.6.4. Bias Due to Outcome Measurement

The method used to measure the outcome was appropriate and did not differ between
intervention groups for all three studies. In all three studies, outcome assessors were not
aware of the intervention received by study participants.

3.6.5. Bias Due to Selection of the Reported Results

In the BV study, data were analyzed according to the study protocol, developed before
the data became available for analysis. Also, the results were measured in the only way
possible, and all eligible reported results for the outcome measurement corresponded to all
intended analyses. Therefore, the risk of bias in this case is low.

For SP, no protocol was available, but the results were measured in the only way possible,
and all eligible reported results for the outcome measurement corresponded to all intended
analyses. Therefore, the risk of bias in this case can be assessed as “some concerns”.

In the MV study, the intended data analysis described in the protocol differed from
the analysis given in the report. In addition, the authors of the study reported only one of
the two planned PFS analysis methods. Taking these concerns into account, the risk of bias
for the MV study was rated as high.

3.7. Results of Individual Studies

The effect estimation was conducted in several ways. First, hazard ratio (HR) and
confidence interval (CI) data were extracted directly from the text of the reports. For BV,
the difference between PFS in the two groups was not statistically significant, and the HR
was 0.81 (95% CI, 0.56–1.16, p = 0.256). The same result was obtained for MV, where the
HR was equal to 0.98 (95% CI, 0.72–1.33, p = 0.89). In SP, PFS was statistically significantly
higher at the significance level α = 0.05 in the placebo group, compared to the vaccine
group, HR = 1.384 (95% CI, 1.053–1.819, p = 0.019); however, the authors used a significance
level α = 0.01. Alternative effect estimates derived from the individual studies and used in
additional syntheses are reported below.

3.8. Results of Syntheses

The results of individual studies were pooled into one meta-analysis, with a total
of 813 participants (control group 329, vaccine group 484) (Figure 4). A meta-analysis
performed using the fixed-effects model showed no statistically significant differences
in PFS between the groups, HR = 1.08 (95% CI, 0.9–1.3, p = 0.37). There was significant
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heterogeneity between studies; I2 was 66.4%. A meta-analysis performed using the random-
effects model also showed no statistically significant differences in PFS between the groups,
HR = 1.05 (95% CI, 0.77–1.43, p = 0.76).

Figure 4. Forest plot for the meta-analysis of reported hazard ratios.

However, this meta-analysis cannot be considered conclusive because different meth-
ods of HR calculation were used in the studies. In BV, HR was obtained using the logrank
test. SP used a Cox regression model adjusted for prior therapy and disease response to
rituximab. Finally, MV reported that both the logrank and Cox regression model were used,
adjusted for demographic and baseline characteristics.

In light of these considerations, we conducted another meta-analysis using effect
estimates recalculated from other data from the reports: p-value, number of total events,
number of participants in control arm, and number of participants in vaccine arm [77].
With these data, we obtained similar HRs for all three studies: BV, 0.81 (95% CI, 0.56–1.17,
p = 0.256); SP, 1.39 (95% CI, 1.06–1.82, p = 0.019); MV, 0.98 (95% CI, 0.72–1.33, p = 0.89).
A fixed-effects model meta-analysis also showed no statistically significant differences in
PFS between the groups: HR = 1.09 (95% CI, 0.91–1.30, p = 0.36) (Figure 5). Heterogeneity
between studies was also high; I2 = 66.6%. In this case, using the random-effects model
also did not reveal statistically significant differences in PFS between groups, HR = 1.05
(95% CI, 0.77–1.44, p = 0.76).

Figure 5. Forest plot for the meta-analysis of recalculated effect estimates.
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3.9. Additional Analyses

We also performed an additional meta-analysis of PFS in a third way, as suggested
by the Cochrane Handbook [29]. We reconstructed individual participant data (IPD) from
KM curves and additional data from reports [78]. We obtained reconstructed KM curves
and HR estimates using a Cox regression model without adjustments. Visually, the KM
curves appeared to be recovered fairly accurately for all the three studies. No statistically
significant differences in PFS between the groups were found in any study: BV, HR = 0.85
(95% CI, 0.59–1.21, p = 0.37) (Figure 6a); SP, HR = 1.28 (95% CI, 0.98–1.68, p = 0.067)
(Figure 6b); MV, HR = 1.07 (95% CI, 0.78–1.46, p = 0.62) (Figure 6c).
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A fixed-effects model meta-analysis also showed no statistically significant differences
in PFS between the vaccine and control groups; HR = 1.095 (95% CI, 0.93–1.31, p = 0.32)
(Figure 7). Heterogeneity was low; I2= 39.6%. The results of a meta-analysis performed
using the random-effects model were also not statistically significant, HR = 1.07 (95% CI
0.86–1.36, p = 0.52).

Based on a previously published HR reconstruction methodology [77], a degree of
imprecision was expected in the reconstructed HR and CI estimates. Therefore, we per-
formed a sensitivity analysis. We investigated an extreme case of underestimation (i.e.,
with the true value being equal to HR + mean absolute HR reconstruction error), as well
as an extreme case of overestimation (i.e., with the true value being equal to HR—mean
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absolute HR reconstruction error) of the reconstructed hazards, with narrow CIs (standard
error (SE)—mean absolute error of SE) (Figure 8).

Figure 7. Forest plot for the meta-analysis of reconstructed individual participant data.

Figure 8. Sensitivity analyses of hazard ratios reconstructed from Kaplan–Meier curves. overes-
timation, true hazard ratios (HRs) in the overestimation case; underestimation, true HRs in the
underestimation case. Whiskers represent 95% confidence intervals (95% CIs).

In the underestimation case, PFS was statistically significantly greater in the placebo
group; pooled HR = 1.28 (95% CI, 1.01–1.60, p = 0.04) (not shown in the figure). In the
overestimation case, no statistically significant difference in PFS between the two groups
was observed; pooled HR = 0.86 (95% CI 0.67–1.10, p = 0.24) (not shown in the figure).
Heterogeneity was high in both cases: I2 was equal to 87.7% and 92.8%, respectively.
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In summary, the reconstructed IPD was not susceptible to overestimation but could
have been underestimated, leading, in an extreme case, to a missed significant pooled
hazard ratio favoring the placebo group.

3.10. Safety

In terms of safety, all three studies reported that vaccination was well-tolerated by par-
ticipants. Among the most common adverse events for all three studies were the following:
injection site reactions, fatigue, fevers, chills, nausea, headache, muscle pain, and arthralgia.

The SP study did not offer a categorization of side effects by grade but did report that
the type, frequency, and severity of side effects were comparable between arms.

In the BV study, for grade 1–2 adverse events that occurred in ≥10% of participants,
differences in frequency between the arms were observed only for infection (21.1% in the
vaccine group versus 4.9% in the placebo group, p = 0.029, two-sided Fisher exact test). In
terms of grade 3–4 adverse events (17 cases for the vaccine arm, 13 cases for the placebo
arm), there was no statistically significant difference between the groups for the overall
rate of adverse events (p = 0.331, two-sided Fisher exact test).

The MV study reported only the number of adverse events by maximum grade, without
specifying the adverse events, except for the most frequent ones. Overall, the distribution of
adverse events was similar in both groups. For grade 1–2 adverse events, the distribution was
as follows: 88.6% of the total number of adverse events in the vaccine group versus 87.3% in
the placebo group; as to grade 3–4 adverse events, 10.9% vs. 10.7% respectively.

None of the studies reported drug-related deaths.

3.11. Reporting Biases

The ROB-ME tool [62] was used to assess the risk of bias due to missing evidence.
The results of each study that met our inclusion criteria were available for inclusion in
the meta-analyses. All studies were identified and deemed eligible for inclusion in the
meta-analyses before the results of the studies were generated or became known. We found
all studies met the inclusion criteria for this systematic review, regardless of their results.
Therefore, the risk of bias due to missing results can be assessed as low.

Small-study effects were assessed by using a contour-enhanced funnel plot (Figure 9). The
small number of studies complicated its interpretation; however, publication bias seems to shift
the estimate in favor of the control group. This finding is not surprising given that the largest
and only study that showed a statistically significant result, SP, favored the control group.

Figure 9. Contour-enhanced funnel plot.
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3.12. Certainty of Evidence

Two of the three RCTs had a high risk of bias due to missing outcome data: the
SP study had missing outcome data for 14% of participants, and the MV study did not
explicitly state the number of participants for whom the outcome was estimated. Also, for
SP, the study protocol could not be found, making an assessment of bias due to the selective
reporting of outcomes impossible. In the MV study, the authors deviated from the analysis
plan described in their study protocol, which makes the risk of bias high. Given this, the
certainty of evidence could be downgraded by one level.

The results of the studies have considerable heterogeneity. This may be explained
by differences in the groups of participants (treated and untreated) and differences in
the number of courses of therapy. The presence of such a significant heterogeneity may
also be explained by a low number of included studies. In addition, the BV study only
randomized patients who achieved a CR after prevaccination therapy, whereas the other
two studies also randomized those who achieved only a PR. In the BV study, idiotype (Id)
protein was produced using a hybridoma, whereas in SP and MV, recombinant Id was used.
Prevaccination regimens also varied, with MV using the CVP regimen, SP using rituximab
alone, and BV using either the PACE or CHOP regimen. Overall, we did not feel that much
unexplained heterogeneity was present and, therefore, did not downgrade the certainty of
evidence for inconsistency.

We did not identify important issues with the indirectness of evidence, imprecision, and
publication bias, so we did not downgrade the certainty of evidence based on any of these.

Thus, the overall certainty of the evidence can be rated as moderate.

4. Discussion

This systematic review was conducted to evaluate the efficacy and safety of therapeutic
vaccines against FL. We reviewed RCTs investigating vaccines for FL of any therapeutic
design. Three RCTs involving 813 participants were found to fit the inclusion criteria. All
three studies focused on the same type of vaccine, the Id vaccine. We were able to show that
Id vaccines for FL do not differ in efficacy from control therapy. Moreover, the vaccination
was well tolerated by the patients, as indicated by the lack of difference between the vaccine
and control groups.

The main limitation of this review is the small number of studies, all of which focused
on Id vaccines. The included studies were characterized by bias due to missing outcome
data, differences in patient groups (treated and untreated), and differences in the number
of vaccination courses. In addition, in the BV study, only patients who achieved a CR after
prevaccine therapy were randomized, whereas in the other two studies, those with a PR
were also randomized. In the BV study, the Id protein was produced using hybridoma,
whereas in SP and MV, recombinant Id was used. Prevaccine therapy regimens also differed,
with MV using the CVP regimen, SP using rituximab alone, and BV using either the PACE
or CHOP regimen. Also, all three studies used different primary endpoints: DFS was used
in BV, TTP in SP, and MV in PFS. Although the authors provided definitions for these,
and they are similar, and the described ways of assessing the endpoints also appear to be
similar, such differences still may pose problems when interpreting the results. The authors
provide only a limited description of the side effects observed in their studies, and the
differences in these descriptions make generalization and comparison difficult.

There are also limitations associated with the review processes used. We searched
an extensive list of bibliographic databases and clinical trial registers, including several
non-English language databases such as the KCI-Korean Journal Database and SciELO
Citation Index; however, many databases in other languages exist, such as databases in
Chinese, which we were unable to search due to language and cross-border access barriers.
We were unable to obtain the full texts of all the articles retained after screening, which may
have included suitable studies. Also, we were unable to obtain primary data; we made
attempts to contact the study authors, but they either did not respond or were unable to
provide the data. In addition, for the SP study, we were unable to find the study protocol,
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which made it difficult to assess the risk of bias. However, none of these methodological
difficulties is likely to have significantly affected the overall conclusion of our review.

Although our intention in initiating this work was to evaluate the efficacy of all existing
FL vaccine types, and we made every effort to find all suitable RCTs, our results can only
be applied to Id vaccines. Given that we carefully followed the up-to-date guidelines
for performing systematic reviews, we can assume that RCTs focusing on other vaccine
designs are not available at the time of writing the review. Disappointingly, Id vaccines,
despite their initial promise, were found to be ineffective for FL therapy. Thus, two of our
expectations were not met: First, the set of FL vaccine types that have reached the phase III
trial stage is limited to Id vaccines. Second, despite the apparent promise of this approach,
the data suggest that it is ineffective. The lack of prospects of vaccination, in its current
form, for FL therapy is confirmed by the withdrawal of all three companies from the market
after the unsuccessful completion of trials of their drugs. Another argument is the small
number of related studies: we managed to find only one study [79] devoted to this type of
vaccine, which was conducted after 2014 (the year of publication of the last RCT).

Although Id vaccines have not been shown to be effective against FL, other therapeutic
vaccine types are still a focus of research. Thus, the idea of Id vaccines has evolved in
the form of an attempt to inject DNA with an encoded Id [80,81]. The peptide vaccine
technology is also being actively studied. For example, Uffe Klausen et al. (2021) used
checkpoint molecules PD-L1 and PD-L2 for immunization [82]. Cell-based vaccines have
been the topic of research for almost as long as Id vaccines, but none of them have yet
reached the stage of phase III studies. Nevertheless, there are several studies focusing on
this technology at various stages at present (NCT03035331, NCT01239875, NCT00487305,
NCT02194751, NCT02677155).

A new approach to creating therapeutic antitumor vaccines, namely, the use of neoanti-
gens for the induction of immune response, is also being actively investigated for FL therapy.
Neoantigens are products of mutated tumor genes, are specific for tumor cells, and are not
expressed on the surface of healthy cells, so the limitations of tumor-associated antigens
in the form of the development of immune tolerance are not typical. At present, there are
two studies on this type of vaccine: NeoVax and EO2463 (NCT03361852, NCT04669171).
NeoVax, moreover, has been shown to be effective for patients with melanoma [83] and
glioblastoma [84].

5. Conclusions

In conclusion, we discovered that all RCTs of therapeutic vaccines against FL focused
on one technology—Id vaccines. Moreover, Id vaccines have not been shown to be effective
as an FL therapy. However, vaccination, as an approach, may still be promising for FL.
The efficacy of antitumor vaccination can potentially be improved by using personalized
neoantigens as a method of inducing an immune response and by using novel antigen
delivery vehicles, e.g., DNA or RNA.
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55. Sterne, J.A.C.; Savović, J.; Page, M.J.; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.-Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A Revised Tool for Assessing Risk of Bias in Randomised Trials. BMJ 2019, 366, l4898. [CrossRef] [PubMed]

56. McGuinness, L.A. Robvis: An R Package and Web Application for Visualising Risk-of-Bias Assessments 2019. Res. Synth. Methods
2021, 12, 55–61. [CrossRef] [PubMed]

57. Therneau, T. A Package for Survival Analysis in R. 2023. Available online: https://CRAN.R-project.org/package=survival
(accessed on 15 February 2024).

58. Terry, M.T.; Patricia, M. Grambsch Modeling Survival Data: Extending the Cox Model; Springer: New York, NY, USA, 2000; ISBN
0-387-98784-3.

59. Balduzzi, S.; Rücker, G.; Schwarzer, G. How to Perform a Meta-Analysis with R: A Practical Tutorial. Evid. Based Ment. Health
2019, 22, 153–160. [CrossRef]

60. Kassambara, A.; Kosinski, M.; Biecek, P.; Fabian, S. survminer: Survival Analysis and Visualization, version 0.4.9; 2021. Available
online: https://rpkgs.datanovia.com/survminer/index.html (accessed on 15 February 2024).

61. Gordon, M.; Lumley, T. forestplot: Advanced Forest Plot Using ’Grid’ Graphics, Version 3.1.3; 2023. Available online: https:
//gforge.se/packages/ (accessed on 15 February 2024).

62. Page, M.J.; Sterne, J.A.C.; Boutron, I.; Hróbjartsson, A.; Kirkham, J.J.; Li, T.; Lundh, A.; Mayo-Wilson, E.; McKenzie, J.E.; Stewart,
L.A.; et al. ROB-ME: A Tool for Assessing Risk of Bias Due to Missing Evidence in Systematic Reviews with Meta-Analysis. BMJ
2023, 383, e076754. [CrossRef]

63. Guideline Development Tool. Available online: https://gdt.gradepro.org/ (accessed on 15 February 2024).
64. Stein, B.; Struss, Y.; Fritzsche, K. a) 3.2.2 Psycho-Onkologie b) 3.2.3 Tumorspezifische Immuntherapie. Oncol. Res. Treat. 2000, 23,

41–43. [CrossRef]
65. Cabrera, J.R.; Barrios, Y.; Yáñez, R.; Fernández, M.N.; De Espada, F.D. Vacunación Idiotípica En Linfomas B de Bajo Grado: Una

Nueva Terapia Antitumoral. Rev. Oncol. 2001, 3, 201–206. [CrossRef]
66. Neelapu, S.S.; Gause, B.L.; Nikcevich, D.A.; Schuster, S.J.; Winter, J.; Gockerman, J.P.; Loughran, T.; Takeshita, K.; Inghirami, G.;

McGaughey, D.; et al. Phase III Randomized Trial of Patient-Specific Vaccination for Previously Untreated Patients with Follicular
Lymphoma in First Complete Remission: Protocol Summary and Interim Report. Clin. Lymphoma 2005, 6, 61–64. [CrossRef]

67. Stergiou, A.M.; Neelapu, S.S.; Casciano, R.; Jaffee, M.A.; Kwak, L.W. BiovaxId Vaccine Therapy of Follicular Lymphoma in First
Remission: Phase III Blinded Safety Update. Blood 2007, 110, 4500. [CrossRef]

68. Schuster, S.J.; Neelapu, S.S.; Gause, B.L.; Muggia, F.M.; Gockerman, J.P.; Sotomayor, E.M.; Winter, J.N.; Flowers, C.R.; Stergiou, A.M.;
Kwak, L.W. Idiotype Vaccine Therapy (BiovaxID) in Follicular Lymphoma in First Complete Remission: Phase III Clinical Trial Results. J.
Clin. Oncol. 2009, 27, 2. [CrossRef]

69. Schuster, S.J.; Santos, C.F.; Neelapu, S.S.; Berry, D.A.; Popa, M.A.; McCord, A.M.; Chong, E.A.; Kwak, L. Vaccination with IgM but
Not IgG Idiotype Prolongs Remission Duration in Follicular Lymphoma Patients. Blood 2010, 116, 429. [CrossRef]

70. Biovest International. Randomized Trial of Patient-Specific Vaccination with Conjugated Follicular Lymphoma-Derived Idiotype
(FNHLId1) with Local GM-CSF in First Complete Remission. 2012. Available online: https://clinicaltrials.gov/study/NCT00091
676 (accessed on 15 February 2024).

https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1016/j.jclinepi.2020.01.008
https://doi.org/10.1186/2046-4053-4-6
https://www.ncbi.nlm.nih.gov/pubmed/25588387
https://sr-accelerator.com/#/deduplicator
https://github.com/tarensanders/robotsearch
https://doi.org/10.1002/jrsm.1287
https://www.ncbi.nlm.nih.gov/pubmed/29314757
https://www.random.org/integer-sets/?mode=advanced
https://CRAN.R-project.org/package=kappaSize
http://justus.randolph.name/kappa
https://github.com/Andreyhok/rayyan_tools
https://www.deepl.com/translator/files
https://sysrev.com/u/11470/p/123185
https://doi.org/10.1200/JCO.2006.09.2403
https://www.ncbi.nlm.nih.gov/pubmed/17242396
https://doi.org/10.1136/bmj.l4898
https://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1002/jrsm.1411
https://www.ncbi.nlm.nih.gov/pubmed/32336025
https://CRAN.R-project.org/package=survival
https://doi.org/10.1136/ebmental-2019-300117
https://rpkgs.datanovia.com/survminer/index.html
https://gforge.se/packages/
https://gforge.se/packages/
https://doi.org/10.1136/bmj-2023-076754
https://gdt.gradepro.org/
https://doi.org/10.1159/000063968
https://doi.org/10.1007/BF02712691
https://doi.org/10.3816/CLM.2005.n.031
https://doi.org/10.1182/blood.V110.11.4500.4500
https://doi.org/10.1200/jco.2009.27.18_suppl.2
https://doi.org/10.1182/blood.V116.21.429.429
https://clinicaltrials.gov/study/NCT00091676
https://clinicaltrials.gov/study/NCT00091676


Pharmaceuticals 2024, 17, 272 23 of 23

71. Bendandi, M.; Gocke, C.D.; Kobrin, C.B.; Benko, F.A.; Sternas, L.A.; Pennington, R.; Watson, T.M.; Reynolds, C.W.; Gause, B.L.;
Duffey, P.L.; et al. Complete Molecular Remissions Induced by Patient-Specific Vaccination Plus Granulocyte-Monocyte Colony-
Stimulating Factor Against Lymphoma. Nat. Med. 1999, 5, 1171–1177. [CrossRef] [PubMed]

72. Freedman, A.S.; Hamlin, P.A.; Neelapu, S.; Nichols, C.; Robertson, M.; Bergier, G.; Winter, J.N.; Polikoff, J.; Lin, T.; Pohlman, B.;
et al. Phase III Trial of Active Immunotherapy (FavId®, Id/KLH) Following Rituximab Induction Therapy: Clinical Responses in
Patients (Pts) with Follicular Non-Hodgkin’s Lymphoma (FNHL). Blood 2006, 108, 2756. [CrossRef]

73. Freedman, A.S.; Neelapu, S.; Nichols, C.R.; Robertson, M.; Djulbegovic, B.; Winter, J.N.; Gold, D.; Bender, J.; Stewart, M.;
Ghalie, R.G.; et al. A Placebo-Controlled Phase III Trial of Patient-Specific Immunotherapy with Mitumprotimut-T (Id-KLH) and
GM-CSF Following Rituximab in Patients with Cd20+ Follicular Lymphoma. Blood 2008, 112, 236. [CrossRef]

74. Santos, C.; Stern, L.; Katz, L.; Watson, T.; Barry, G. BiovaxID™ Vaccine Therapy of Follicular Lymphoma in First Remission:
Long-Term Follow-Up of a Phase II Trial and Status of a Controlled, Randomized Phase III Trial. Blood 2005, 106, 2441. [CrossRef]

75. Timmerman, J.M.; Vose, J.M.; Czerwinski, D.K.; Weng, W.-K.; Ingolia, D.; Mayo, M.; Denney, D.W.; Levy, R. Tumor-Specific
Recombinant Idiotype Immunisation After Chemotherapy as Initial Treatment for Follicular Non-Hodgkin Lymphoma. Leuk.
Lymphoma 2009, 50, 37–46. [CrossRef] [PubMed]

76. Koc, O.N.; Redfern, C.; Wiernik, P.H.; Rosenfelt, F.; Winter, J.N.; Guthrie, T.H.; Kaplan, L.; Holman, P.; Densmore, J.; Hainsworth,
J.; et al. Id/KLH Vaccine (FavId™) Following Treatment with Rituximab: An Analysis of Response Rate Improvement (RRI) and
Time-to-Progression (TTP) in Follicular Lymphoma (FL). Blood 2004, 104, 587. [CrossRef]

77. Tierney, J.F.; Stewart, L.A.; Ghersi, D.; Burdett, S.; Sydes, M.R. Practical Methods for Incorporating Summary Time-to-Event Data
into Meta-Analysis. Trials 2007, 8, 16. [CrossRef]

78. Guyot, P.; Ades, A.; Ouwens, M.J.; Welton, N.J. Enhanced Secondary Analysis of Survival Data: Reconstructing the Data from
Published Kaplan-Meier Survival Curves. BMC Med. Res. Methodol. 2012, 12, 9. [CrossRef]

79. Tusé, D.; Ku, N.; Bendandi, M.; Becerra, C.; Collins, R.; Langford, N.; Sancho, S.I.; López-Díaz De Cerio, A.; Pastor, F.; Kandzia, R.;
et al. Clinical Safety and Immunogenicity of Tumor-Targeted, Plant-Made Id-KLH Conjugate Vaccines for Follicular Lymphoma.
BioMed Res. Int. 2015, 2015, 648143. [CrossRef]

80. Meleshko, A.N.; Petrovskaya, N.A.; Savelyeva, N.; Vashkevich, K.P.; Doronina, S.N.; Sachivko, N.V. Phase I Clinical Trial of
Idiotypic DNA Vaccine Administered as a Complex with Polyethylenimine to Patients with B-Cell Lymphoma. Hum. Vaccines
Immunother. 2017, 13, 1398–1403. [CrossRef] [PubMed]

81. Meleshko, A.; Piatrouskaya, N.; Vashkevich, K.; Lutskovich, D.; Wang, C.; Dormeshkin, D.; Savelyeva, N.; Katsin, M. Safety and
Immunogenicity of Combined DNA-Polyethylenimine and Oral Bacterial Idiotypic Vaccine for Patients with B-Cell Non-Hodgkin
Lymphoma: A Pilot Study. Cancers 2022, 14, 3298. [CrossRef] [PubMed]

82. Klausen, U.; Grønne Dahlager Jørgensen, N.; Grauslund, J.H.; Munir Ahmad, S.; Gang, A.O.; Martinenaite, E.; Weis-Banke, S.E.;
Breinholt, M.F.; Novotny, G.W.; Kjeldsen, J.W.; et al. An Immunogenic First-in-Human Immune Modulatory Vaccine with PD-L1
and PD-L2 Peptides Is Feasible and Shows Early Signs of Efficacy in Follicular Lymphoma. OncoImmunology 2021, 10, 1975889.
[CrossRef] [PubMed]

83. Hu, Z.; Leet, D.E.; Allesøe, R.L.; Oliveira, G.; Li, S.; Luoma, A.M.; Liu, J.; Forman, J.; Huang, T.; Iorgulescu, J.B.; et al. Personal
Neoantigen Vaccines Induce Persistent Memory T Cell Responses and Epitope Spreading in Patients with Melanoma. Nat. Med.
2021, 27, 515–525. [CrossRef]

84. Khan, M.; Li, X.; Yan, M.; Li, Z.; Yang, H.; Liao, G. Efficacy and Safety of Actively Personalized Neoantigen Vaccination in
the Management of Newly Diagnosed Glioblastoma: A Systematic Review. Int. J. Gen. Med. 2021, 14, 5209–5220. [CrossRef]
[PubMed]

85. Haddaway, N.R.; Page, M.J.; Pritchard, C.C.; McGuinness, L.A. Prisma2020: An R Package and Shiny App for Producing PRISMA
2020-compliant Flow Diagrams, with Interactivity for Optimised Digital Transparency and Open Synthesis. Campbell Syst. Rev.
2022, 18, e1230. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/13928
https://www.ncbi.nlm.nih.gov/pubmed/10502821
https://doi.org/10.1182/blood.V108.11.2756.2756
https://doi.org/10.1182/blood.V112.11.236.236
https://doi.org/10.1182/blood.V106.11.2441.2441
https://doi.org/10.1080/10428190802563355
https://www.ncbi.nlm.nih.gov/pubmed/19125383
https://doi.org/10.1182/blood.V104.11.587.587
https://doi.org/10.1186/1745-6215-8-16
https://doi.org/10.1186/1471-2288-12-9
https://doi.org/10.1155/2015/648143
https://doi.org/10.1080/21645515.2017.1285477
https://www.ncbi.nlm.nih.gov/pubmed/28272989
https://doi.org/10.3390/cancers14143298
https://www.ncbi.nlm.nih.gov/pubmed/35884359
https://doi.org/10.1080/2162402X.2021.1975889
https://www.ncbi.nlm.nih.gov/pubmed/38283034
https://doi.org/10.1038/s41591-020-01206-4
https://doi.org/10.2147/IJGM.S323576
https://www.ncbi.nlm.nih.gov/pubmed/34512004
https://doi.org/10.1002/cl2.1230

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Types of Studies 
	Types of Participants 
	Types of Interventions 
	Types of Outcome Measures 

	Information Sources 
	Search Strategy 
	Study Records 
	Data Management 
	Selection Process 
	Data Collection Process 

	Data Items 
	Outcomes and Prioritization 
	Risk of Bias in Individual Studies 
	Data Synthesis 
	Meta-Bias(es) 
	Confidence in Cumulative Evidence 

	Results 
	Summary of Findings 
	Study Selection 
	Patient Characteristics 
	Study Designs 
	Outcomes 
	Risk of Bias in Studies 
	Bias Due to Randomization 
	Bias Due to Deviation from the Intended Interventions 
	Bias Due to Missing Outcome Data 
	Bias Due to Outcome Measurement 
	Bias Due to Selection of the Reported Results 

	Results of Individual Studies 
	Results of Syntheses 
	Additional Analyses 
	Safety 
	Reporting Biases 
	Certainty of Evidence 

	Discussion 
	Conclusions 
	References

