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SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
1999 69
2000 61
2001 48
2002 46

Citations per document

This indicator counts the number of citations received
by documents from a journal and divides them by the

total number of documents published in that journal.
The chart shows the evolution of the average number
of times documents published in a journal in the past
two, three and four years have been cited in the current

year. The two years line is equivalent to journal impact
factor ™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 1999 0.411
Cites / Doc. (4 years) 2000 0.432
Cites / Doc. (4 years) 2001 0.375
Cites / Doc. (4 years) 2002 0.459
Cites / Doc. (4 years) 2003 0.652
Cites / Doc. (4 years) 2004 1.153
Cites / Doc. (4 years) 2005 1.792
Cites / Doc. (4 years) 2006 1.828
Cites / Doc. (4 years) 2007 1.758
Cites / Doc. (4 years) 2008 1.804

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
 

Journal Self-citation is de�ned as the number of
citation from a journal citing article to articles
published by the same journal.

Cites Year Value
f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations

received by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles
that have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country
address.

Year International Collaboration

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial
research (research articles, conference papers and
reviews) in three year windows vs. those documents
other than research articles, reviews and conference

papers.

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 1999 181
Uncited documents 2000 155
Uncited documents 2001 153
Uncited documents 2002 132
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ARTICLE

Intralesional measles–mumps–rubella is associated with a higher complete
response in cutaneous warts: a systematic review and meta-analysis of
randomized controlled trial including GRADE qualification

Rachel Vaniaa, Raymond Pranataa and Sukmawati Tansil Tanb

aFaculty of Medicine, Universitas Pelita Harapan, Tangerang, Indonesia; bDepartment of Dermatovenerology, Faculty of Medicine,
Universitas Tarumanegara, Jakarta, Indonesia

ABSTRACT
Introduction: Warts can be difficult to treat and progressing to chronic and resistant disease. Several
studies have reported the successful application of mumps–measles–rubella (MMR) vaccine resulting
in clearance of warts via immunomodulation and induction of immune system.
Methods: We performed a comprehensive search on the role of intralesional MMR in warts from sev-
eral electronic databases. Complete response is defined as complete clearance of warts lesion.
Results: There were a total of 425 subjects from five studies. Intralesional injection of MMR was asso-
ciated with an increased complete response (OR 9.43 [5.78, 15.37], p< .001; I2: 5%, p¼ .38). Subgroup
analysis on patients receiving injection for every 2weeks for a maximum of five injections revealed an
OR of 11.70 [6.40, 21.38], p< .001; I2: 20%, p¼ .29. Patients receiving intralesional MMR were associ-
ated with a lower partial response (OR 0.54 [0.33, 0.88], p¼ .01; I2: 0%, p¼ .66). Intralesional MMR was
associated with a reduced no-response (OR 0.16 [0.06, 0.43], p< .001; I2: 69%, p¼ .01). Funnel plot
analysis for complete response was asymmetrical, indicating the risk of publication bias. There were
statistically significant small-study effects for intralesional MMR on complete response upon analysis
using Harbord’s test (p¼ .047). Grading of Recommendations Assessment, Development and
Evaluation (GRADE) assessment showed that intralesional MMR injection has high level of certainty
(quality of evidence) for complete response in warts with an absolute increase of 505 per 1000.
Conclusion: Intralesional MMR injection was associated with a higher complete response and lower
no-response with a high level of certainty.
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KEYWORDS
Intralesional MMR;
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Introduction

Warts is a cutaneous manifestation of human papillomavirus
(HPV) infection (1). There are over 100 types of the virus that
have preferences for predilection (2). The most common HPV
types for common warts are 1, 2, 4, 27, 57, while 1, 2, 4, 63 for
plantar warts and 3, 10, 27, 41 for flat warts (3). The lesion
erupts as firm papule, 1–10mm, hyperkeratotic, clefted surface
with vegetation, can be flat or shiny (3).

The disease is typically chronic, progresses overtime in size,
and spreads to other body parts, becoming more resistant to
treatment (4). The disease is associated with a high recurrence
and relapse, leading to cosmetic disfigurement, diffident, anx-
iety, and other psychological discomfort. Removal of symptom-
atic warts is necessary, but does not clear the viral infection (3).
Although the majority are healed spontaneously, there is no sin-
gle therapy that proves superiority in chronic warts (2).
Therefore, multiple approaches are required for thera-
peutic management.

A Cochrane pooled review found for the efficacy of topical 5-
fluorouracil, intralesional interferons and photodynamic therapy
(5). However, they are potentially hazardous or toxic treatments
and result in more pain than the lesion itself; therefore, careful
consideration on the benefit-to-risk ratio is advised (1,3,6). The
reported locally destructive treatment encompassing caustic

agents (ablation, cryotherapy, salicylic acid) to antiproliferative
agents have reported variable range of clearance rate, but ultim-
ately results in scarring (7,8). Meanwhile, a systemic immuno-
therapeutic maneuvers such as intralesional antigens and
vaccines have gained interest for a higher efficacy with tolerable
side effects (8–13). Several trials have shown the successful
application of mumps–measles–rubella (MMR) vaccine resulting
in complete clearance of warts (14), defined as eradication of
the treated area. It is hypothesized that the vaccine increases
the ability of the immune system to recognize and destroy the
antigen and infected cells, while establishing efficacy and safety
(7,14). In this systematic review and meta-analysis, we aimed to
collect the latest evidence on the efficacy of MMR vaccine as
immunotherapy for cutaneous warts.

Methods

Search strategy

We performed a comprehensive search on topics that assesses
intralesional MMR injection compared to normal saline in
patients with warts keywords [‘MMR’ and ‘warts’] and its syno-
nym from inception up until November 2019 through PubMed,
Europe PMC, ScienceDirect, ProQuest, Clinicaltrials.gov, and
hand-sampling from potential articles cited by other studies.
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The records were then systematically evaluated using inclusion
and exclusion criteria. We also performed hand-sampling from
references of the included studies. Two researchers (RP and RV)
independently performed an initial search, discrepancies were
resolved by discussion. A Preferred Reporting Items for
Systematic Reviews and Meta-Analyses flowchart of the litera-
ture search strategy of studies was presented in Figure 1.

Selection criteria

The inclusion criteria for this study is all studies that assess
intralesional MMR injection compared to normal saline in
patients with warts. We included all related clinical researches/
original articles and excluded case reports, review articles, and
non-English language articles.

Data extraction

Data extraction and quality assessment were done by two inde-
pendent authors (RP and RV) using standardized extraction
form, which includes authors, year of publication, study design,
fundings, subject characteristics, MMR dose and protocol, gen-
der, age, complete response, partial response, no response, and
follow-up duration.

Outcome

Primary outcome of this study is complete response, defined as
complete clearance of warts lesion.

Statistical analysis

To perform the meta-analysis, we used RevMan software, ver-
sion 5.3 (Cochrane Collaboration) and STATA/MP 14.0 (StataCorp
LP). We used the odds ratio (OR) and a 95% CI as a pooled
measure for dichotomous data. Inconsistency index (I2) test,
which ranges from 0 to 100%, was used to assess heterogeneity
across studies. A value above 50% or p< .05 indicates statistic-
ally significant heterogeneity. We used the Mantel–Haenzsel
method for OR with a fixed-effect model for meta-analysis, and
a random-effect model was used in case of heterogeneity.
Adjusted ORs from the studies were pooled using inverse vari-
ance. Small-study effect was assessed using a regression-based
test (Harbord’s test) for binary outcomes. All p-values were two-
tailed with a statistical significance set at 0.05 or below. The cer-
tainty of the evidence was assessed by using the Guideline
Development Tool by GRADEpro GDT.

Figure 1. Study flow diagram.
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Results

We found a total of 528 results. There were 432 records
after removal of duplicates. A total of 425 records were
excluded after screening the title/abstracts. After assessing
seven full-text for eligibility; we excluded two because (i) no
control (n¼ 1) and (ii) control group was tuberculin (n¼ 1). We
included five studies in qualitative synthesis and meta-analysis
(Figure 1). All five studies were randomized controlled trials
(RCTs). There were a total of 425 subjects from five studies
(Table 1).

Study characteristics

Two studies are double-blind RCT, two are single-blind, and one
is unclear blind. The cutaneous warts were observed in all stud-
ies, two studies included both recalcitrant and non-recalcitrant
warts, one study included recalcitrant, and two studies did not
specify. The protocol was used in varying dose, ranging from
0.1 (depends on the skin test reaction) to 0.5mL, every
2–3weeks, for maximum dose of three to five times. The mean
age was 28.44 ± 10.33 in MMR group and 28.5 ± 9.83 in control
group (p-value for difference¼ .955). Most studies followed the
patients for 6months, except one study which only observed
the patients for 16weeks.

Complete response

The pooled rate of complete response for the intralesional MMR
injection from five studies was 73% (67–79%) (Figure 2(A)) of
the patients. Compared to placebo, intralesional injection of
MMR was associated with an increased complete response (OR
9.43 [5.78, 15.37], p< .001; I2: 5%, p¼ .38) (Figure 2(B)).
Subgroup analysis on patients receiving injection for every
2weeks for a maximum of five injections revealed an OR of
11.70 [6.40, 21.38], p< .001; I2: 20%, p¼ .29.

Partial response

Patients receiving intralesional MMR were associated with a
lower partial response (OR 0.54 [0.33, 0.88], p¼ .01; I2: 0%,
p¼ .66) (Figure 2(C)).

No response

Intralesional MMR was associated with reduced no-response (OR
0.16 [0.06, 0.43], p< .001; I2: 69%, p¼ .01) (Figure 2(D)). Upon
sensitivity analysis, no removal of single study reduced
heterogeneity.

Adverse events

Influenza-like symptoms, pain at the injection site are the most
common complications. There seems to be no difference in the
rate of pain at injection between MMR and control group, both
reached up to 100%. Pooled estimate for influenza-like symp-
toms occurrence was 8% (4–12%) in the MMR group.

Publication bias

The risk of bias assessment showed that the risk was high in
the blinding of participants due to the single-blind nature of Ta
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the studies. The risk of bias assessment for the studies is pre-
sented in Figure 3(A). Funnel plot analysis for complete
response was asymmetrical, indicating the risk of publication

bias (Figure 3(B)). There were statistically significant small-study
effects for intralesional MMR on complete response upon ana-
lysis using Harbord’s test (p¼ .047) (Figure 3(C)).

Figure 2. MMR vaccine and wart response. Complete response rate in MMR group was demonstrated in (A). Increased complete response was found in patients
receiving MMR vaccine (B). Partial response (C), and nonresponse (D) was higher in placebo group. MMR: measles–mumps–rubella.
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Figure 3. Risk of bias assessment. Cochrane risk of bias analysis is shown in (A). Funnel plot was asymmetric, showing an increased risk of publication bias (B).
Harbord’s test showed a statistically significant small-study effect (C).
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GRADE assessment

Evaluation for quality of evidence was performed using the
Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach. There was a concern on the risk
of bias, shown in Figure 3(A), indicating several studies with
unclear allocation concealment and inadequate blinding. There
was also an indication of publication bias and small-study
effects. The evaluation showed that intralesional MMR injection
has a high level of certainty (quality of evidence) for complete
response in warts with an absolute increase of 505 per 1000
(Table 2).

Discussion

Intralesional injection of MMR was associated with complete
response of warts and tolerable side effects. The adverse events
in the MMR group were low. Influenza-like symptoms were only
present in 8% of the patients. Furthermore, the pain at the
injection site was similar in MMR and control group. There were
no adverse events requiring hospitalizations.

The pooled effect for complete response in intralesional
MMR as a low heterogeneity indicating a consistent effect des-
pite varying regimen (dose).

There are several studies that implicated the success of other
immunotherapy agents such as diphencyprone, Mycobacterium
w vaccine, PPD, and Candida albicans for complete response in

warts (56–79.3%) (8,10–13). In our meta-analysis, we calculated
the complete response of wart with intralesional MMR is 77%,
which is similarly as effective as other immunotherapy agents,
while pain during injection is still a common side effect.

It was known that hyper proliferation of cells in warts is influ-
enced mainly by the cell immediate immunity (14). T-helper 1
cell secretes IL-2 that further stimulates the maturation of the
killer T cell and amplifies natural killer cells. By these cytotoxic
agents, the infected cells and antigens are then engulfed and
destroyed (2,4). The high-risk population, such as the immune-
deficient, HIV, and genetic- tendencies to warts, leads to uncon-
trolled growth of infected cells (3). It is suggested that MMR
increases the ability to destroy HPV through delayed-type
hypersensitivity, and eventually clear the warts lesion (17).

In Rezai et al. (4) complete response was observed in the
third injection (6weeks), but only reached statistical significance
in the fourth injection.

Most cutaneous warts regress spontaneously. Therefore,
this therapy served as an alternative for recalcitrant warts.
Moreover, the studies also includednon-recalcitrant warts, and
hence, the result may also be applicable to patients with non-
recalcitrant lesions who seek aggresive treatment.

The pain at injection sites are the most common side effect,
however can be tolerated using topical anesthetic agents such
as EMLA which has an established safety (9). In addition, single
injection to the largest wart is already achieved efficacy,

Figure 3. Continued.
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therefore the procedure is more comfortable for the patient
comparing to other current treatments 15,16.

There is a possibility of publication bias because there is a
significant small-study effect. Different prevalence of recalcitrant
warts among the studies may affect the effect size of primary
outcome. Unfortunately, meta-regression cannot be performed
due to limited number of studies (n< 10). All studies were con-
ducted in the Middle Eastern countries. Therefore, future
research in other regions is necessary to represent other popula-
tion. The long term efficacy is not yet established, due to short
follow-up period. The authors recommend a lengthier follow-up
period to assess long term efficacy and safety of intrale-
sional MMR.

Conclusion

Intralesional injection of MMR was associated with complete
response of warts in short to midterm and tolerable side effects.
The adverse events in the MMR group were low and tolerable.
The evaluation showed that intralesional MMR injection has a
high level of certainty (quality of evidence) for complete
response in warts.
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