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Abstract

Background Rare superficial vascular anomalies represent a wide range of diseases. Their management is difficult
given the broad spectrum and the lack of clinical trials assessing treatment efficacy. A randomized clinical trial of
vascular anomalies is difficult because of the rarity of the diseases and is enhanced by the population of interest often
being children. Therefore, suitable designs are needed. We conducted a methodological systematic literature search
to identify designs implemented for investigating the treatment of rare superficial vascular anomalies.

Methods We conducted a literature search on January 25, 2021, of the PubMed, Cochrane Central Register of
Controlled Trials (CENTRAL), Embase, ClinicalTrials.gov and European Union Clinical Trials Register databases. This
systematic methodological literature search was registered at the Prospective Register of Systematic Reviews
(PROSPERO: CRD42021232449). Randomized and non-randomized studies were included if they met the following
criteria: were prospective studies of rare superficial vascular anomaly therapies, dealt with humans (adults and
children) and were published in English from 2000. We excluded case reports/case series reporting fewer than 10
patients, reviews, retrospective studies, animal studies, studies of systemic or common vascular anomalies and non-
therapeutic studies. We did not assess risk of bias in the included studies because our review was a methodological
one focused on the design used. The review provided a descriptive analysis of relevant features of eligible research
studies.

Results From 2046 articles identified, we included 97 studies (62 reports and 35 ongoing studies): 25 randomized
controlled studies, 7 non-randomized comparative studies, 64 prospective cohorts and 1 case series. Among the 32
comparative studies included, 21 used a parallel-group design. The 11 other studies used different designs such as
cross-over, randomized placebo phase, delayed-start, within-person, or challenge-dechallenge-rechallenge or used a
historical control group or an observational run-in period.
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Conclusions Our systematic literature search highlights the lack of randomized control trials in superficial vascular
anomalies due to the rarity of patients and their heterogeneity. New designs are emerging and can overcome the

limitations of testing treatments in parallel groups.

Keywords Research Design, Randomized controlled trials, Vascular malformations, Rare Diseases

Background

Vascular anomalies (VAs) represent a large panel of
diseases and are classified according to their clinical,
biological, radiological, pathological and molecular char-
acteristics by the International Society for the Study of
Vascular Anomalies (ISSVA) as vascular tumors (VTs),
which might be benign, borderline or malignant, or vas-
cular malformations (VMs) [1]. VTs are characterized
by endothelial-cell proliferation or hyperplasia, whereas
VMs result from a defect in embryonic vasculogenesis
that might be linked to somatic or germinal gene muta-
tions. VMs are classified according to the vessels involved
(i.e., capillary VMs [port-wine stains], venous VMs, lym-
phatic VMs or arteriovenous VMs). They are considered
“simple” when one type of vessel is involved and com-
bined or syndromic if associated with other malforma-
tions [2—4]. This classification does not take into account
the prevalence of the conditions, which might be com-
mon (port-wine stains, infantile hemangiomas) or rare.
Rare vascular anomalies often are chronic conditions: in
Europe, a disease affecting fewer than 1 in 2,000 people
is considered a rare disease [5], whereas in the United
States, a rare disease is defined as a condition that affects
fewer than 200,000 people [6]. The natural history of
most rare VAs is progressive worsening without thera-
peutic intervention.

Treatment of rare VAs includes different therapeutic
modalities (i.e., physiotherapy, interventional radiology
[sclerotherapy/embolization], surgery, interventions with
device such as lasers, and drugs [anticoagulants, mam-
malian target of rapamycin inhibitors], including targeted
therapeutic ones such as selective inhibitor of the phos-
phoinositol-3-kinase for CLOVES syndrome) [7-10].
Often, treatments are started in childhood. The manage-
ment of rare VAs is based on a personalized approach
that considers the patient’s goals for treatment and usu-
ally requires multidisciplinary consultations. There are
no validated guidelines for treatment of rare VAs [11].
Indeed, recommendations are difficult to develop given
the broad spectrum and insufficient number of prospec-
tive clinical studies to prove the efficacy of treatment [7,
9,12].

Randomized controlled trials (RCTs) provide gold-
standard evidence to guide clinical practice. However, tri-
als for rare diseases have recruitment issues and require
tailored designs. Regarding rare VAs, the design of clini-
cal trials is difficult because of the cumulative difficulty of
the rarity of diseases, the heterogeneity of conditions and

often that the population of interest is children, which,
above recruitment issues, raises specific ethical issues
(consent of both parents, acceptance by the child, limited
number of samples and invasive exams) [13, 14]. To over-
come these methodological and ethical problems, alter-
native designs have emerged but are still little used [15].

The aim of this study was to investigate the study
designs used in therapeutic clinical studies of rare VAs by
a systematic literature search.

Methods

Registration and protocol

This study was designed as a systematic methodological
literature. It was registered at the Prospective Register of
Systematic Reviews (PROSPERO: CRD42021232449).

Eligibility criteria

Reports of randomized and non-randomized studies
were included if they met the following criteria: were
prospective studies of rare superficial VA therapies, dealt
with humans (adults and children) and were published in
English from 2000. The different groups of VAs included
were simple lymphatic malformations, simple venous
malformations, slow-flow combined malformations
including syndromic forms, arteriovenous malformations
and rare vascular tumors. We included ongoing stud-
ies (i.e., studies, comparative or not, whose results were
not published at the time of the electronic research on
January 25, 2021). We excluded case reports/case series
reporting fewer than 10 patients, reviews, retrospective
studies, animal studies, studies of systemic or common
VAs (prevalence greater than 1 in 2,000 people) and non-
therapeutic studies. There was no minimum number of
patients for clinical trials. To differentiate the prospective
cohorts from case series, we followed the definition pro-
posed by Dekkers et al. [16]: “in a cohort study, patients
are sampled on the basis of exposure and are followed
over time, and the occurrence of outcomes is assessed”
In a case series, patients can be sampled according to
both the specific outcome and specific exposure or only
a specific outcome. To distinguish cohort studies from
case series, we mainly considered the participant selec-
tion and sampling parameter (Is it linked to the outcome?
to a specific exposure?) and to the presence of a follow-
up period during which the outcome is assessed (cohort
study criteria) [17]. Two authors reviewed the full text of
each study, with blinding, to label them. Discrepancies
were resolved by discussion between these two authors.
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Many studies that could have been initially defined as
case series were reclassified as cohort studies.

Search strategy

The electronic search conducted on January 25, 2021,
involved the databases PubMed, Embase (on Embase.
com), and Cochrane Central Register of Controlled Tri-
als (CENTRAL) and the registers ClinicalTrials.gov and
European Union Clinical Trials Register (EUCTR). The
search terms used can be found in the supplementary
materials and methods file.

Selection process

According to the pre-defined criteria, two authors (AAT
and SL) independently selected reports based on the title
abstracts. Any discrepancies were resolved by the senior
authors (AM and BG). The same two authors then exam-
ined the full texts of the selected reports. They excluded
duplicate publications, general reviews, systematic
reviews or reports with insufficient information as full
text not accessible. Publication duplicates were detected
by using first Zotero software and then Airtable. Dupli-
cates between registers and publications were manually
detected and resolved directly on Airtable.

Data collection process

For each selected study, two reviewers independently fol-
lowed a standard template for data extraction. Any dis-
agreements were resolved by discussion and if necessary
by a senior author. Data were extracted to an Airtable
spreadsheet (https://airtable.com/) and included publica-
tion metrics (name of the first author, journal, publication
year, source and article type), study recruitment charac-
teristics (continent and number of centres), study design
(study type, randomization, trial design, design justifi-
cation by the authors, blinding and important changes
after trial beginning), study groups (number of groups,
experimental treatment and control), primary outcome,
characteristics of patients (type of VAs using the ISSVA
classification system, age category), planned sample size,
number of patients included and funding sources. Inter-
vention type in the experimental group were extracted
and classified as follows: parenteral drugs, enteral drugs,
topical drugs, interventional radiology (i.e., image-guided
minimally invasive treatment such as embolization or
percutaneous sclerosis) and physiotherapy. Figure S1
(supplementary material) represents the designs used in
comparative studies included in the final analysis.

Data analysis

We did not assess risk of bias in the included studies. The
review provided a descriptive analysis of relevant features
of eligible research studies, focusing on designs used.
The characteristics of each included clinical trial were
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summarized in tables using descriptive statistics. Cate-
gorical variables are presented as counts and proportions
(n, %). Quantitative variables are presented as median
and interquartile range (median [Q1-Q3]). To statistically
analyze categorical variables, we used the chi-square test.
To statistically analyze quantitative variables, we used the
non-parametric Mann-Whitney U test. R-4.2.2 software
was used for statistical analyses.

Results

In the initial database search, we identified 2 046 reports
and finally included 97 studies (62 reports and 35 ongo-
ing studies): 25 RCTs, 7 non-randomized comparative
studies, 64 prospective cohort studies and 1 case series.
Figure 1 presents the flow of articles in the review.

Characteristics of the included studies
Table 1 shows the epidemiology and reporting charac-
teristics of the 97 included studies. Twenty studies that
could have been initially defined as case series were
reclassified as cohort studies [18-37].

Patient characteristics

Most of the included studies involved heterogeneous
patients. First, about two thirds of studies included both
children and adults [7, 19-21, 23-27, 29-34, 36, 38—84].
Second, nearly one third were of several diseases [7, 22,
27, 29, 30, 33, 38, 40, 45, 50, 52, 54, 55, 57, 58, 60, 64, 65,
67, 68,74, 77,79, 84—86]. Most studies were of lymphatic
malformations (LMs) and/or venous malformations [7,
18-34, 36-46, 48, 50-62, 64—68, 71-80, 82-104], fol-
lowed by rare VTs [7, 27, 29, 35, 40, 52, 55, 60, 63, 64, 67,
68, 105-110], arteriovenous malformations [29, 38, 45,
50, 52, 55, 58, 67-70, 84, 111, 112], and slow-flow com-
bined malformations or syndromic malformations [7, 22,
38, 45, 47, 49, 50, 52, 54, 57, 58, 64, 65, 68, 74, 77, 79, 81,
85, 86].

Experimental treatments

Overall, whatever the study type (comparative or non-
comparative, randomized or non-randomized), the most
evaluated experimental treatment was interventional
radiology [18, 19, 21-27, 29, 30, 32-34, 36-42, 44—46,
50-57,59-62, 66, 67, 72,73, 75, 76, 78—80, 84, 87-94, 97,
98, 102, 104, 111-113] followed by enteral drugs [7, 20,
31, 47, 49, 63-65, 68-70, 74, 77, 81, 82, 85, 96, 99-101,
107-110]. total of 14 studies offered a combination of
treatments in the experimental arm. For 10, it was a com-
bination of two interventional radiology treatments [19,
32, 36, 39, 42, 44, 56, 59, 83, 91]. Three studies investi-
gated the combination of two enteral drugs [47, 63, 100]
and one study combined sclerotherapy and surgery [66].
Thus, many included studies used interventional radiol-
ogy to treat LMs [19, 21-27, 29, 30, 33, 37-40, 42, 44,
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Fig. 1 Flow of articles in the review

45, 50-52, 54, 55, 57, 60, 75, 84, 97, 98, 102, 104, 113] (32
studies) and venous malformations [18, 22, 27, 29, 30,
32-34, 36, 38, 41, 45, 46, 50, 52-57, 59, 61, 62, 66, 67, 72,
73,76, 78—80, 84, 87-94] (40 studies).

Planned and achieved sample size

Most studies (n=57, 58.8%) did not report a planned
sample size [18, 19, 21-30, 32-37, 39-41, 4446, 51-57,
60-62, 66, 67, 72, 73, 75, 76, 78—80, 83, 84, 89, 91-94,
96-98, 100, 102, 104, 113]. A higher proportion of com-
parative studies [43, 48, 49, 59, 63, 65, 71, 74, 81, 85, 86,
88, 90, 99, 103, 105, 107, 109, 110] than non-compara-
tive studies [7, 20, 31, 38, 42, 47, 50, 58, 64, 68-70, 77,
82, 87,101, 106, 108, 111, 112] had a planned sample size

(n=19, 59.4% vs. n=21, 32.3%, p=0.011). For more than
half the studies, the median (Q1-Q3) planned sample
size was 38 (25—61) patients per study. In the 62 reports,
the median (Q1-Q3) number of included patients was 28
(15-44) Comparative studies are significantly larger than
non-comparative studies (median [Q1-Q3] sample size
39 [28-90] vs. 20 [14-43], p=0.008). Table 1 presents
the intervention and sample size description of studies
included in the final analysis.

Methodology of the studies

Comparative study design (32 studies)

Many of the comparative studies (n=21, 65.6%) used a
classical design with parallel groups [41, 44, 57, 59, 60,
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Table 1 Description of studies included in the final analysis

ALL STUDIES
TOTAL REPORTS ONGOING STUDIES
N=97 N=62 N=35
SOURCE Publication year,
n (%)
2002-2010 20 (20.6) 17 (27.4) 3(8.6)
2011-2015 28 (28.9) 23 (37.1) 5(14.3)
2016-2020 49 (50.5) 22 (35.5) 27 (77.1)
Source, n (%)
Bibliographic 70(72.2) 62 (100.0) 8(22.9)
databases
Registers 27 (27.8) 0 27 (77.1)
SETTING International study,
n (%)
Yes 9(9.3) 3(4.8) 6(17.1)
No 87(89.7) 58(93.6) 29(82.9)
Unclear 1(1.0) 101.6) 0
Continent of study
recruitment, n (%) @
North America 15(15.5) 6(9.7) 9(25.7)
South America 1(1.0) 1(1.6) 0
Europe 26 (26.8) 12 (19.4) 14 (40.0)
Asia 53 (54.6) 39 (62.9) 14(40.0)
Africa 4(4.7) 4(6.5) 0
Oceania 1(1.0) 0 1(2.9)
Unclear 1(1.0) 1(1.6) 0
Number of centres,
n (%)
1 72 (74.2) 53 (85.5) 19(54.3)
2-5 14 (14.4) 5(8.1) 9(25.7)
>5 9(9.3) 2(3.2) 7 (20.0)
Unclear 221 2(3.2) 0
FUNDING Funding body, n (%)
Public 43 (44.3) 13(21.0) 30 (85.7)
Private 6(6.2) 1(1.6) 5(14.3)
Both private and 1(1.0) 1(1.6) 0
public
No specific 4(4.0) 4(6.5) 0
funding
Not reported 43 (44.3) 43 (69.4) 0
DESIGN Study type, n (%)
Comparative 32(33.0) 15(24.2) 17 (48.6)
Prospective cohort 64 (66.0) 46 (74.2) 18(514)

Case series 1(1.0) 1(16) 0
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ALL STUDIES
PARTICIPANTS Study population
type, n (%)
Children 28 (28.9) 17 (274) 11(314)
Adults 5(5.1) 0 5(14.3)
Both 63 (65.0) 44.(71.0) 19 (54.3)
Unclear 1(1.0) 1(1.6) 0
Included participant
diseases, n (%) @
Simple lymphatic 51 (52.6) 37(59.7) 14 (40.0)
malformations
Simple venous 52(53.6) 37(59.7) 15 (42.9)
malformations
Slow flow com- 21(21.7) 10(16.1) 11(31.4)
bined malformations
including syndromic
forms
Arteriovenous 14 (14.4) 7(11.3) 7 (20.0)
malformations
Rare vascular 18 (18.6) 9(14.5) 9(25.7)
tumors
Several diseases 27 (27.8) 18 (29.0) 9(25.7)
TOTAL STUDY STATUS STUDY OBJECTIVE
N=97
REPORTS ONGOING COMPARATIVE STUDIES NON-COM-
N=62 STUDIES N=32 PARATIVE
N=35 STUDIES
N=65
INTERVENTION  Intervention type
in the experimental
group, n (%) °
Parenteral drugs 3(3.1) (3.2 1(29) 2(6.3) 1(1.5)
Enteral drugs 25 (25.8) 9.7) 19 (54.3) 10(31.3) 15 (23.1)
Topical drugs 5(5.2) 5(143) 3(94) 2(3.0)
Interventional 61(62.9) 52(83.9) 9(25.7) 15 (46.9) 46 (70.8)
radiology
Physiotherapy 3(3.1) 2(3.2) 1(2.9) 2(6.3) 1(1.5)
Surgery 0 0 0
Combined 14 (14.4) 10(16.1) 4(11.4) 0

treatment
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Table 1 (continued)
ALL STUDIES
SAMPLE SIZE Planned sample size,
n (%)
<10° 33.0) 1(1.6) 2(5.7) 0 3(4.6)
11-24 6(6.2) 1(1.6) 5(14.3) 3(94) 3(4.6)
25-49 12(12.4) 1(1.6) 11(314) 6(18.8) 6(9.2)
50-99 12(12.4) 2(3.2) 10 (28.6) 6(18.8) 6(9.2)
>100 7(7.2) 1(1.6) 6(17.1) 4(12.5) 3(4.6)
Not planned 57 (58.8) 56 (90.3) 1(2.9) 13 (40.6) 44 (67.7)
Number of patients
included
Median 275 27.5 NA 39.0 20.0
[Q1; Q3] [15.0,43.8] [15.0;43.8] NA [28.0;89.5] [13.5,43.0]
Number of patients
included, n (%)
<10 5(5.2) 5(8. 1) NA 0 5(7.7)
11-24 24 (24.7) 24 (38.7 NA 2(6.3) 22(33.8)
25-49 18 (18.6) 18 (29. O) NA 8(25.0) 10 (15.4)
50-99 9(9.3) 9(14.5) NA 2(6.3) 7(10.8)
>100 6(6.2) 6(9.7) NA 3(94) 3(4.6)
NA 35 (36.1) 35(36.1) NA 17 (53.1) 18 (27.7)

*Not exclusive
bCase reports/case series reporting fewer than 10 patients were excluded
Abbreviations: NA, not applicable; Q1, first quartile; Q3, third quartile

63, 67, 72, 80, 83, 86, 88-91, 97, 99, 105, 107, 109, 110].
Table 2 presents the methodological data for comparative
studies included in the final analysis. The 11 other studies
used different designs: cross-over [48, 65], randomized
placebo phase [43, 85], delayed-start [49, 103], within-
person [71], challenge—dechallenge—rechallenge [74],
and observational run-in period [81] or used a historical
control group [66, 73]. Table 3 reports the characteristics
of these studies. Two studies had two stages: a pilot phase
with a small sample size followed by a larger comparative
trial [43, 88].

Among the 32 comparative studies, 14 (43.8%) had
some form of blinding [43, 48, 49, 59, 67, 71, 80, 85, 86,
88, 91, 99, 103, 107]. These 14 studies were RCTs, rep-
resenting 56% of RCTs included in the review. Blinded
actors were outcome assessors (4 studies, 12.5%) [43, 85,
103, 107] or both participants and care providers (4 stud-
ies, 12.5%) [48, 71, 80, 86]. Three studies (9.4%) [49, 59,
99] exhibited triple blinding (participants, care provider
and outcome assessor).

Design justification by the authors

For 6 of the 32 (18.8%) comparative studies, the authors
justified their design in their report [43, 71, 73, 81, 85,
103]. Of these 6 studies, 4 were randomized [43, 71,
85, 103] and 2 were not [73, 81]. The first randomized
study used a delayed-start design with an observational
period of 6 months based on data suggesting that after
this period, spontaneous regression was unlikely [103].

For the following 3 randomized studies [43, 71, 85], the
authors explained that the population with the patholo-
gies of interest was too rare to be able to set up a clas-
sic parallel-group trial. One used a within-person design
because it allowed for reducing the number of patients to
be included as well as inter-observation variability and all
patients to receive the experimental treatment [71]. The
other 2 randomized studies had a randomized placebo-
phase design, which allowed for reducing the number
of participants to include and increased acceptability
(because every participant received the experimental
intervention) and therefore ensured feasibility [43, 85].
For the non-randomized studies, the first used historical
controls because randomization was judged too difficult
to implement with the varying nature of VMs [73]. The
second used an observational run-in period as a control
and not a placebo because the experimental treatment
was increasingly available and this would have compro-
mised recruitment [81].

Important changes in the protocol after trial beginning
After the beginning of the clinical trial, 10 (10.3%) studies
made important changes to their protocol [7, 47, 63-65,
81, 87, 99, 110, 114]. Changes concerned the addition,
removal or change of the primary or secondary outcomes
(6 studies) [7, 47, 64, 65, 81, 87], a decrease in estimated
enrollment (3 studies) [63, 99, 114], a modification of the
intervention (1 study) [110] and a modification of the
inclusion criteria (1 study) [47].
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Table 2 Methodological data for comparative studies included in the final analysis

COMPARATIVE STUDIES

TOTAL  RANDOMIZED NON-RANDOMIZED
N=32 N=25 N=7
DESIGN Trial design, n (%)

Parallel groups 21 (65.6) 19 (76.0) 2(28.6)

Cross-over 2(6.3) 1(4.0) 1(14.3)

Randomized placebo phase 2 (6.3) 2 (8.0) 0

Within-person 1(.1) 1(4.0) 0
Delayed-start design 2 (6.3) 2 (8.0) 0

Observational run-in period 1(3.1) 0 1(14.3)

Challenge—dechallenge-rechallenge 130 0 1(14.3)

Use of a historical control group 2 (6.3) 0 2(28.6)
Studies reported design justifications, n (%)*

Yes 6(18.8) 4(16.0) 2(28.6)

No 26 (81.3) 21(84.0) 5(71.4)
Blinding, n (%)

Participants only 2 (6.3) 2 (8.0) 0

Participants and care provider 4(12.5) 4(16.0) 0

Participants, care provider and outcome assessor 3 (9.4) 3(120) 0

Outcome assessor only 4(12.5) 4(16.0) 0

Participants and outcome assessor 1(.1) 1(4.0) 0

No blinding 10(31.3) 7(28.0) 3(42.9)

Not specified 8 (25.0) 4(16.0) 4(57.1)

TREATMENT GROUPS Number of groups, n (%)

1 8(25.0) 8(32.0) NA

2 15469  15(60.0) NA

3** 2(6.3) 2(8.0) NA
Intervention type in the experimental group, n (%)

Parenteral drugs 2(6.3) 2(8.0) 0

Enteral drugs 10 (31.3) 7 (28.0) 3(42.9)

Topical drugs 3(94) 3(12.0)

Interventional radiology 15(469)  11(44.0) 4(57.1)

Physiotherapy 2 (6.3) 2 (8.0)
Control group treatment (n=31)% n (%)

Placebo, sham interventions 4(12.5) 4(16.0) 0

Active drugs 5(15.6) 5(20.0) 0

Interventional radiology 13(406) 11440 2(286)

Physiotherapy 0 0 0

Surgery 1(3.1) 0 1(14.3)
Interventional radiology and surgery 130 0 1(14.3)

No treatment 7 (21.9) 5(20.0) 2(28.6)

?One study did not have control group but had 2 experimental groups

* Whether the authors explained and/or justified the use of their study design/methodology in their protocol or publication

** For one, it was different concentrations of the same treatment and for the other, the groups were composed as follows: treatment 1 vs. treatment 2 vs. both

treatments 1 and 2

Discussion

This methodological systematic literature search allowed
identifying 62 reports and 35 ongoing studies represent-
ing 32 comparative and 65 non-comparative therapeutic
studies of rare superficial VAs. Studies were frequently
non-comparative cohorts, assessing interventional radi-
ology in venous malformations or LMs. The propor-
tion of experimental (i.e. randomized) studies was low.
Our review showed that some authors used randomized

designs distinct from the classical two-parallel group
design, such as cross-over, within-person, randomized
placebo-phase and delayed-start. We also noted in our
review some designs of non-randomized studies that may
be interesting for studying rare diseases such as the use of
a historical control group or the challenge-dechallenge-
rechallenge design [115].

This latter result is consistent with previously published
results: in a systematic review of sirolimus treatment for
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Table 3 Characteristics of 11 comparative studies with a non-parallel design

FIRST DESIGN YEAR POPULATION INTERVENTION COMPARISON  PRIMARY OUTCOME
AUTHOR
RANDOMIZED Mukke Cross-over 2020  Venous Physiotherapy ~ No treatment Change in volume of the
[48] malformation (compression malformation measured
Adults and children  stockings) non-invasively by MRI.

Novartis Delayed-start 2020  PROS Enteral drug Placebo Change in the target lesion
[49] Adults and children (alpelisib) volumes assessed by MRI.

Maruani Random- 2019 Lymphatic Topical drug No treatment Evaluation of global sever-
ized placebo malformations (sirolimus) ity of the lingual microcys-
phase Adults and children tic lymphatic malformation
(43] using Physical Global

Assessment (PGA).

Leducq Within-person 2019 Lymphatic Topical drug Placebo Evaluation of cutaneous

[71] malformations (sirolimus) microcystic lymphatic
Adults and children malformation versus topical
vehicle using PGA.

Maruani Random- 2018  Vascular Enteral drug No treatment Change in the volume of
ized placebo malformation (sirolimus) the vascular malformation
phase Children seen on MRI.

[85]
Smith Delayed-start 2009  Lymphatic Parenteral drug  No treatment Change in volume/size of
[103] malformations (picibanil) the malformation evaluated
Children by CT or MRI.
NON-RANDOMIZED te Loo Challenge- 2019  Vascular Enteral drug No treatment Evaluation of the quality of
dechallenge— malformation (sirolimus) life measured by TAPQOL,
rechallenge Adults and children PedsQL and Research and
[74] development Rand-36.
Evaluation of the pain using
VAS score and NRS score.

Parker Observa- 2019  PROS Enteral drug No treatment Percent change in
tional run-in Adults and children  (sirolimus) unaffected and affected
period fibrofatty tissue measured
[81] by DXA and MRI scan.

Hammer Cross-over® 2018  Vascular Enteral drug Patient’s long Physical, functional, biologi-

[65]

malformation
Adults and children

Weitz-Tuoretmaa Historical 2017  Venous
control malformation
group Adults and children
[73]

James Historical 2011 Venous
control malformation
group Adults and children
[66]

(sirolimus)

Sclerotherapy
(polidocanol)

Sclerotherapy

term history
(Surgery,
interventional
radiology etc)
Sclerotherapy
(ethanol)

Surgery

cal, radiological and quality
of life evaluations.

Severity evaluation of
symptoms by a self-evalua-
tion questionnaire.

Evaluation of lesions
dimensions by MRI, surgical
parameters, and duration of
hospital stay.

2 According to the authors, this study is a “crossover trial using patient’s long-term clinical, biological and radiological history before sirolimus treatment as control”

Abbreviations: DXA, dual-energy X-ray absorptiometry; NRS, numerical rating scale; PedsQL, Pediatric Quality of Life Inventory; PROS, PIK3CA-related Overgrowth

Spectrum; TAPQOL, TNO-AZL Preschool children Quality of Life; VAS, visual analogue scale

LMs, among 20 studies, only one was an RCT, versus 19
retrospective case series or case reports [116]. Another
review evaluating the efficacy of sirolimus for treat-
ing vascular abnormalities identified mostly single case
reports (47 studies) and case series (22 studies) and very
few prospective observational studies (n=2) or RCTs
(n=2) [9]. Vascular anomalies are heterogeneous, which
challenges the randomization (Is stratification desir-
able? possible?), outcome selection (Is there a relevant

common outcome?) and results interpretation [9, 73,
117].

Thus, using a classical two parallel-group RCT presents
a conundrum, and therefore, alternative designs involv-
ing intra-patient comparison are of high interest for clini-
cal trials of rare pathologies because they can avoid some
of the difficulties mentioned below [118—122]. The rarity
of these pathologies is also a difficulty [116, 123]. Thus,
we observed a lower number of included patients as



Allemang-Trivalle et al. BMC Medical Research Methodology

compared with the planned sample size, a result already
acknowledged for rare diseases [124, 125]. The most glar-
ing example was one study that compared vincristine and
sirolimus for treating high-risk VTs [63]. The authors
had planned to enroll 50 patients, but the study had to
stop because owing to the rarity of the pathology, only
4 patients had been recruited. Our observations seem
consistent with the narrative review of Neto et al. which
aimed to summarize Cochrane systematic review evi-
dence on treatments for congenital vascular anomalies
and hemangiomas. They had several difficulties includ-
ing the limited number of existing systematic reviews,
limited number of participants in the studies of these
pathologies and heterogeneity of the participants [126].
To carry out therapeutic clinical trials on rare superficial
VAs, the results of our review suggest to select a design
that can limit the required sample size as much as pos-
sible. To have as low a required sample size as possible,
investigators can promote intra-patient comparisons,
thus increasing power. This option also allows for better
accuracy because of the absence of inter-patient vari-
ability [127, 128]. In our review, we found three such
designs: the cross-over design [129-131], the random-
ized placebo-phase design [132, 133] and the within-per-
son design [134]. More so, the main advantage of this last
design is that it eliminates confounding factors between
the arms of the trial because the treatments to be com-
pared are given at the same time and not successively
as in the cross-over design or the randomized placebo-
phase design. It is particularly suitable for dermatol-
ogy (e.g., VAs) practice. However, the resulting problem
is that these designs are more sensitive to dropouts and
missing data because each participant is their own con-
trol; therefore, a dropout potentially affects both groups.
Another difficulty is using a placebo. First, a sham
intervention for surgery or interventional radiology is dif-
ficult [135], in particular for the ethical aspect because
this fictitious intervention can cause excessive risk for
participants. In general, invasive procedures such as sur-
geries should normally be tested against standard medi-
cal treatment or no treatment [136]. Then, it is important
to limit the time spent on placebo, Limiting the time
spent on placebo facilitates recruitment. For VAs, given
that there are standard treatments, patients and physi-
cians would be reluctant to have a real placebo-only con-
trol group. Therefore, there are designs that can limit
this period under placebo, such as the randomized pla-
cebo-phase design. Nevertheless, to ensure the validity
of the results, an effective placebo-phase duration must
be established: short enough to avoid changes over time
and long enough for valid measurements [15]. However,
there is the risk of participants dropping out if the pla-
cebo-controlled phase is too long. Second, for rare dis-
eases with a potentially shortened lifespan, parents may
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be reluctant to have their children receive a placebo [81,
137]. To overcome this, investigators can maximize on-
treatment participants by giving each patient the exper-
imental treatment at some point (this is the case in the
cross-over design) or by ensuring that all patients end
the study being exposed to the experimental treatment,
which offers the opportunity to pursue this treatment
(if possible) outside of the study context (this is the case
in the delayed-start design [138] and the randomized
placebo-phase design). Either way, maximizing on-treat-
ment participants facilitates recruitment and increase
acceptance and accrual. These types of design can be of
interest if conducting a two-parallel group RCT would
be difficult or unacceptable, for instance when assessing
an experimental treatment for an incurable or fatal dis-
ease or when the disease affects the more fragile pediatric
population (which is the case with VAs).

For investigators, using an observational run-in period
allows for collecting useful clinical data, especially in the
case of rare diseases such as VAs, screening out ineligible
or non-compliant participants, and establishing baseline
observations. However, it also has disadvantages, such
as affecting the external validity of the study by exclud-
ing patients and affecting the internal validity by exag-
gerating the intention-to-treat effect (e.g., if a run-in
period is used to exclude participants who do not tolerate
the treatment, then potentially there will be only a large
number of good responders in the following phase, which
can give a too optimistic view of the treatment effect)
[139].

It is also possible to integrate an “internal” pilot study
(pilot phase) into a clinical trial that allows for integrating
the pilot participants into the definitive study and there-
fore not “exhausting” the stock of patients eligible for
the study. This is interesting in the case of rare diseases
such as VAs. These pilot phases built into the trial do not
require additional time or funds [15].

Our review highlighted the use of a historical control.
Despite certain advantages such as avoiding the prob-
lem of recruiting patients, especially for studying rare
diseases such as VAs, this design has several disadvan-
tages: confounding effects [140] (baseline patient charac-
teristic differences between treatment arms can prevent
highlighting the treatment effect), selection bias [141,
142] (whereby patients receiving the experimental treat-
ment are selected from a pool of “good responders’, thus
resulting in an overestimation of the treatment effect),
performance, and detection bias [143, 144] (because
there is no blinding). To overcome these, it would be
interesting to use advanced methods to manage confu-
sion in observational studies, such as stratifying patients
on the estimated propensity scores during the analy-
sis of observational data [142]. The Bayesian statistical
approach could also be of interest, combined with any
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design, although we could not find it in our review. This
approach uses data from previous studies to form a prior
probability distribution for treatment effect, combined
with current trial data for a posterior distribution, from
which conclusions can be drawn [13].

This systematic review has several limitations. First, it
certainly does not present all the studies published on the
subject given the use of several filters: we included only
studies published in the English language and since the
year 2000. In addition, most authors did not justify their
choice of methodological scheme in their publication,
which limited our collection of information on this sub-
ject. In addition, registry ongoing studies contain more
missing data than do published articles. We can also con-
sider limitations in the method we chose to follow by not
looking at other methodological issues such as sequence
generation and allocation concealment, which are issues
of importance in randomized trials but probably of lower
importance than blinding [145, 146].

Conclusions

Comparative studies are mandatory for assessing treat-
ments or interventions, but RCTs are rare in these
diseases. Classical two parallel-group designs are of
limited use in rare pediatric diseases, notably with large
between-patient variability. New designs, more adapted
to this specific medical context, are emerging and can
overcome the limitations of testing treatments in parallel
groups. Their use is necessary for conducting trials with a
high level of evidence.
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