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OBJECTIVE The management of brain arteriovenous malformations (bAVMs) remains controversial. The Treatment of
Brain AVMs Study (TOBAS) was designed to manage patients with bAVMs within a clinical research framework. The ob-
jective of this study was to study trial feasibility, recruitment rates, patient allocation to the various management groups,
and compliance with treatment allocation.

METHODS TOBAS combines two randomized care trials (RCTs) and a registry. Designed to be all-inclusive, the study
offers randomized allocation of interventional versus conservative management to patients eligible for both options (first
RCT), a second RCT testing the role of preembolization as an adjunct to surgery or radiotherapy, and a registry of pa-
tients managed using clinical judgment alone. The primary outcome of the first RCT is death from any cause or disabling
stroke (modified Rankin Scale score > 2) at 10 years. A pilot phase was initiated at one center to test study feasibility,
record the number and characteristics of patients enrolled in the RCTs, and estimate the frequency of crossovers.

RESULTS All patients discussed at the multidisciplinary bAVM committee between June 2014 and June 2016 (n = 107)
were recruited into the study; 46 in the randomized trials (23 in the first RCT with 21 unruptured bAVMs, 40 in the second
RCT with 17 unruptured bAVMs, and 17 in both RCTs), and 61 patients in the registry. Three patients crossed over from
surgery to observation (first RCT).

CONCLUSIONS Clinical research was successfully integrated with normal practice using TOBAS. Recruitment rates in
a single center are encouraging. Whether the trial will provide meaningful results depends on the recruitment of a suf-
ficient number of participating centers.
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uncommon and complex lesions that can rupture

and cause morbidity.>>” Their management is
controversial and varies across institutions and treatment
teams.®’ Because ruptured bAVMs have a high annual risk
of repeat hemorrhage (4.5%—-34%),> interventional treat-
ment is perhaps advisable!”?* at least in some patients, de-
spite the absence of evidence from randomized controlled
trials that benefits outweigh the risks of treatment.? For
patients with unruptured bAVMs, hemorrhages occur less
frequently (0.9%—8%/year), and the best management is
more controversial.'>!

A recent randomized controlled trial showed that medi-
cal management of unruptured AVMs was superior to any
interventional treatment.'*!>2 The study has prompted
numerous editorials and critiques, and the clinical com-
munity remains unsure of the best way to manage patients
with bAVMs.? In addition to the question of whether
unruptured bAVMs should be treated, a second question
arises when a curative treatment is planned: Is adjunc-
tive embolization in patients with ruptured or unruptured
bAVMs beneficial for patients destined to be treated with
surgery or radiosurgery? Although embolization by itself
can eradicate a bAVM,?' and although it may improve the
safety and efficacy of surgical or radiosurgical treatments,
whether it is worthwhile to accept the additional risks of
endovascular treatment for a greater overall benefit to pa-
tients is uncertain.'s

Surgical trials are notoriously difficult to conduct, par-
ticularly when they concern widely different but accepted
and practiced therapies.'! In the present case, trials are
even more difficult to conduct because bAVMs are rare
and heterogeneous lesions that can be managed using a
multiplicity of treatment options. Confronted with these
difficulties, the Treatment of Brain AVMs Study (TOBAS)
was designed. TOBAS differs from conventional trials be-
cause it is not simply an experiment designed to answer a
research question intended to improve the care of future
patients. TOBAS was designed in the spirit of care tri-
als, pragmatic randomized care trials (RCTs) facilitating
practice under uncertainty in the best interest of current
patients.'® Patients are offered promising but yet-to-be-
validated interventions as a 50% chance of getting the in-
tervention and a 50% chance of being managed according
to the previously validated treatment (observation when
none exists).”® Other unusual features of TOBAS include
the absence of selection criteria, and an algorithmic deci-
sion-making process that, at the time of a multidisciplinary
meeting, combines clinical judgment and prerandomiza-
tion to facilitate the participation of clinicians and patients
in the randomized portions of the study. The study is de-
signed to include all patients with bAVMs presenting to
participating centers, to offer randomized allocation of
curative versus conservative management to patients eli-
gible for both options (first RCT), randomized allocation
of adjunctive preembolization when appropriate (second
RCT), or a registry of patients managed according to clini-
cal judgment alone.

Care trials and prerandomization have been used in-
frequently in the past. Prior to expansion to international
centers, this study sought to assess, in real-world practice,

B RAIN arteriovenous malformations (bAVMs) are
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whether TOBAS is capable of accomplishing the stated
study purpose: to integrate clinical research and care, and
provide a framework within which all current patients with
bAVMs can be managed. We report on the proportions and
characteristics of patients who were offered randomized
allocation versus participation in the multimodal registry,
and estimate compliance with the allocated treatments.

Methods

Study Design

TOBAS is a prospective RCT and registry of various
management options for patients with bAVMs, including
resection, radiation therapy, endovascular embolization,
alone or combined, and observation.®!"" It is an all-inclu-
sive framework combining clinical research and care, de-
signed in the spirit of care trials.”® Patients are offered a
management strategy allocated by an algorithmic process
combining the clinical judgment of a multidisciplinary
team answering 5 simple questions and randomization,
when judged appropriate. TOBAS is compliant with the
Declaration of Helsinki; the complete protocol is available
at www.clinical-care-trials.org.® This study was registered
with the ClinicalTrials.gov database (http://clinicaltrials.
gov), and its registration number is NCT02098252.

Study Hypotheses

Two primary hypotheses correspond to the two RCTs
nested within TOBAS. The first primary hypothesis is
that “interventional management of brain AVM patients
eligible for both conservative and curative treatment alter-
natives will lead to a decrease in the number of poor out-
comes (defined as a modified Rankin Scale [mRS] score
> 2) from 25 to 15% at 10 years™® (first RCT). At least
540 randomized patients will be necessary to detect the
hypothesized reduction of 10% in poor outcomes. It is too
early to estimate the number of crossovers that will oc-
cur; analyses using the intention-to-treat principle would
require a larger number, according to the proportion of
crossovers. In theory, each management strategy should
be separately validated, which would mean that for each
modality, we would eventually need to recruit 540 patients
or more.

The second primary hypothesis is that presurgical or
preradiosurgical embolization of bAVMs treatable with or
without preembolization can decrease the number of treat-
ment failures (defined as failure to achieve angiographic
cure with a good clinical outcome [mRS score > 2]) from
20% to 10% (second RCT); 440 patients will be required to
detect the hypothesized 10% increase (from 80% to 90%)
in the rate of success, defined as complete bAVM eradica-
tion without the occurrence of a disabling complication.

Outcomes

The primary outcome of the first RCT is death from
any cause or disabling stroke (hemorrhage or infarction
revealed by imaging and resulting in an mRS score > 2)
at 10 years. The primary outcome of the second RCT is
treatment failure, defined as failure to achieve angio-
graphic cure with a good clinical outcome (mRS score >
2) at 1 year. The secondary outcome measures for the two
RCTs include assessment of the primary outcome, serious
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TABLE 1. Results for the first 107 patients in the TOBAS algorithmic process, an all-inclusive framework using clinical judgment and two

potential randomizations

Questions (Q) Answers

Mode of Allocation

Allocation or Next Algorithmic Step

Q1: Is the patient being considered for
curative treatment?

No (n = 36), yes (n=71)

Clinical judgment

No: observation registry; yes: go to Q2
alone

Q2: What is the primary curative method Surgery (n = 49), radiotherapy
planned?

Clinical judgment
(n = 15), embolization (n = 7)

Goto Q3
alone

Q3: Is conservative management a rea-
sonable alternative option to curative
treatment?

No (n = 48), yes (n = 23)

Clinical judgment

No: treatment registry if curative method = emboliza-
tion; no: go to Q4 if curative method = surgery or
radiotherapy; yes: RCT 1 then go to Q4

& randomization

Q4: Is preembolization being considered No (n = 19), yes (n = 45)
prior to surgery or radiotherapy?

Clinical judgment

No: treatment registry; yes: go to Q5
alone

Q5: Can surgery or radiation therapy be  No (n = 36), yes (n = 40)
offered w/o preembolization?

Clinical judgment

No: keep same allocation (treatment registry or RCT
1); yes: keep same allocation if RCT 1 = conserva-
tive management; yes: RCT 2 in remaining cases

& randomization

adverse events, ruptures, symptomatic strokes, and angio-
graphic occlusion of the lesion at 1 and 5 years.

Treatment Allocation and Randomization

All patients with bAVMs examined at participating
centers are eligible for TOBAS. The sole selection crite-
rion is the presence of a bAVM. Allocation of manage-
ment choices is a combination of clinical judgment by the
multidisciplinary team, and two potential randomization
procedures according to a simple algorithmic process
composed of 5 questions on the online case report form
(Table 1).

Patients best managed conservatively according to clin-
ical judgment alone are offered participation in the obser-
vation registry. When interventional management is con-
sidered, the primary mode of intervention (embolization,
radiosurgery, or surgery) is selected according to clinical
judgment prior to randomized allocation in the first RCT
comparing conservative and interventional management
when appropriate. When embolization is used as a pri-
mary mode of intervention, as is sometimes performed in
some centers for some patients, it is selected (according
to clinical judgment) as the answer to the second ques-
tion of the algorithmic process (“What is the primary
curative method planned? Surgery, radiation therapy, or
endovascular treatment”). These patients will be analyzed
in a stratified fashion, within the first RCT, or within the
treatment registry, depending on the response to the third
question (“Is conservative management a reasonable alter-
native option to curative treatment? Yes or No”). When
embolization is used only as an adjunct prior to surgery or
radiation therapy, either surgery or radiation is selected as
the primary mode of intervention, and the patient is then a
potential candidate for the second RCT. Eligible patients,
according to clinical judgment, can be included in the sec-
ond RCT comparing surgery or radiation therapy with or
without preembolization.

Patients considered ineligible for conservative manage-
ment, and for the second RCT, are offered participation
in the dedicated treatment registry (embolization alone,
surgery alone, radiosurgery alone, surgery with preembo-
lization, and radiosurgery with preembolization). Patients
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eligible for one or both RCTs are prerandomized, but all
patients are informed of the treatment alternatives and of
which portion of their treatment plan has been randomly
allocated.

Randomization is stratified according to intended pri-
mary interventional management group (surgery, radiation
therapy, or embolization). A minimization algorithm bal-
ances groups with respect to clinical presentation (hemor-
rhagic versus all other presentations) and to Spetzler-Mar-
tin AVM grade (I or II vs I11-V).2?

Pilot Phase

The pilot phase recruited patients in a single center
(Centre Hospitalier de I’'Université de Montréal [CHUM])
between June 2014 and June 2016. The protocol is under
ethics board review at other sites. We report characteristics
of patients and bAVMs according to age, clinical presenta-
tion, ruptured or unruptured status, and Spetzler-Martin
grading. We analyzed the proportion of patients recruited
in each randomized group and in the multimodal regis-
try, the differences between groups, and compliance with
treatment allocation.

Results

Between June 2014 and June 2016, all patients dis-
cussed by the multidisciplinary committee on the man-
agement of patients with bAVMs at the CHUM (n = 107)
were enrolled. Sixty-one patients were entered into the
registry and 46 into the RCTs.

Twenty-three patients were included in the first RCT
(conservative vs interventional management; Fig. 1, Ta-
ble 2). Most (21/23, 91%) were patients with unruptured
bAVMs. One patient with a hemorrhage 12 years prior was
neurologically intact at the time of randomization; another
patient presented following a subarachnoid hemorrhage
from a ruptured prenidal aneurysm, which had been em-
bolized. The primary curative method planned for these
23 patients was surgery in 17, embolization in 2, and ra-
diosurgery in 4 patients.

Of the 40 patients considered for the second RCT
(preembolization or not), 6 were allocated to conserva-
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Patients with AVMs
N=107
Observation registry
N=36
Select primary curative method (S, R, E)
N=71
(S=49, R=15,E=7) _
Treatment registry (S, R, E)
N=25
(S=12, R=8, E=5)
Eligible for randomization (RCT 1 and/or RCT 2)
N=46
RCT1(S,R,E) RCT 2 ONLY (S, R)
(When conservative Sa ble option) (When conservative isNOTa ble option)|
N=23 N=23
Conservative management R o£a=| Tsa nagement Eligible for RCT 2 (S, R)
=Y (5=12,R=1,E=2) =
RCT 2
N =34
| | |
Intervention with NO Intervention WITH
pre-embolization pre-embolization
N=19 N=5
(S=17,R=2) (S=13,R=2)

FIG. 1. TOBAS trial profile. E = embolization; R = radiotherapy; S = surgery.

tive management according to the first randomized trial,
leaving 34 patients for prerandomization (including 11 pa-
tients participating in both RCTs; Tables 2 and 3, Fig. 1);
23 (67%) of 34 presented with a ruptured bAVM (43% of
all patients with ruptured bAVMs), most often low grade
(26/34 [77%] Grade I or II). The primary curative method
planned was surgery in 35 patients and radiosurgery in 5.

Thirty-six patients for whom intervention was not con-
sidered were enrolled in the observation registry (Table 2,
Fig. 1). Patients in this group were older than patients in
the other groups (mean age 52 vs 43 years). Most (29/36,
81%) had unruptured bAVMs; 29 (55%) of 53 patients with

TABLE 2. Patients included in TOBAS

unruptured bAVMs were included in the observation reg-
istry. Intervention was not considered because of a high
Spetzler-Martin grade (Grade IV in 6 cases and Grade V
in 3); major comorbidities (schizophrenia in 2 cases, men-
tal deficiency in 2 cases, and major disability related to
moyamoya disease in 1 patient); patient age (> 60 years
in 11 patients); refusal of any treatment (2 patients); and
in 2 patients, Grade II and IIT bAVMs were judged to be
in eloquent locations that did not allow complete eradica-
tion without a major deficit. Seven patients with a ruptured
bAVM (13% of all 54 patients with ruptured bAVMs)
were observed because of Spetzler-Martin Grade IV or V

Variable RCT 1 RCT 2 Observation Registry Treatment Registry Total
No. of patients 23 34 36 25 107
Mean age/range (yrs) 38/19-82 35/11-64 52/15-79 42/12-64 43/11-82
Men 1" 16 16 9 47
Women 12 18 20 16 60
Unruptured bAVM 21 1 29 2 53
Ruptured bAVM 2 23 7 23 54
S-M Grades | &Il 14 26 19 16 67
S-M Grades IlI-V 9 8 17 9 40

S-M = Spetzler-Martin.?
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TABLE 3. Patients included in the second RCT (n = 40)

Randomization 2 Intervention w/o Preembolization  Intervention w/ Preembolization ~ Conservative Management After RCT 1 Total
No. of patients 19 15 6 40
Mean age/range (yrs) 37111-58 33/11-64 45/33-56 37111-64
Unruptured bAVM 8 3 6 17
Ruptured bAVM 1 12 0 21
S-M Grades | &I 16 10 3 28
S-M Grades IlI-V 3 5 3 10

bAVMs in 4 patients, comorbidities in 2 patients (obstruc-
tive pulmonary disease and mental deficiency), and a non-
compact nidus in a 70-year-old patient.

Intended management of all patients is summarized in
Table 4. Of the 71 patients considered for interventional
management, the intended primary mode of curative
treatment was embolization in 7, radiosurgery in 15, and
surgery in 49 patients. Twenty-five patients considered
ineligible for RCTs were entered into the corresponding
treatment registry; 23 patients presented with a ruptured
bAVM, and 2 patients with unruptured bAVMs with neu-
rological symptoms were treated within the treatment reg-
istry by palliative partial embolization.

In the first RCT (n = 23), among the 8 patients allocated
to the conservative management arm, 1 patient was treat-
ed at 6 months because of progressive hemianopsia due
to occipital edema caused by partial venous thrombosis,
managed by embolization and surgery. Of the 15 patients
allocated to the treatment arm, 7 were treated, 5 are wait-
ing for curative treatment, and 3 patients refused surgery.

Discussion

The study attempted to assess whether TOBAS could
meet the clinical demand for a pragmatic trial framework
context within which to manage patients with bAVMs.
Results show that virtually all patients with bAVMs can
be included in TOBAS. Approximately 50% (53/107) of
patients had unruptured bAVMs, and 40% (21/53) of those
who were eligible for curative or conservative manage-
ment were prerandomized in the first RCT. The final man-
agement choice, which included the randomized alloca-
tion, was judged to be optimal care by the treating team in
22 (96%) of 23 patients, but 3 patients (13%) refused the
allocated treatment (surgery) and were managed conser-
vatively. Most patients with ruptured bAVMs (46/54, 85%)
were offered treatment, and almost all patients considered
for adjunctive preembolization (23/25,92%) were included
in the second RCT comparing curative treatment with or
without preembolization. Older patients with unruptured
bAVMs or higher-grade lesions were mostly observed,
and ruptured or symptomatic bAVMs were mostly treated
within the registry.

TOBAS was able to guide a multidisciplinary team of
clinicians in the management of patients with a complex
neurovascular condition. Designed in the spirit of care tri-
als, TOBAS does not involve added visits, risks, or costs
beyond routine clinical practice; registration and case re-
port forms are simple and designed to be completed with-
in minutes by clinicians.!®

Brought to you by UFRN -

The apparent complexity of the study protocol is de-
ceptive. It reflects the necessity of using clinical research
vocabulary to clearly expose the underlying scientific
method and explain how clinical results will be counted.
However, at the time of practice, when a patient with a
bAVM is presented at the multidisciplinary meeting and
entered online, the algorithmic questions appear only
natural to pose and answer; they serve as guidelines to
clinical decision making and at the same time reminders
that some treatments cannot be acted on in the same way
as those that have previously been shown to be beneficial.
The process was adaptable to all circumstances, accepted
rapidly, and is now adopted by the multidisciplinary team
of our institution.

The lack of selection and the prerandomized design®
that was chosen in the pilot center may have facilitated re-
cruitment of patients with unruptured bAVMs in the first
RCT: 23 patients in 2 years, a definite improvement, as
compared with 3 patients recruited in the same center in
6 years for the previous trial that used conventional ran-
domization to compare conservative and curative manage-
ment.”> One potential problem with using prerandomiza-
tion is the risk of trading poor recruitment for an excessive
number of crossovers.>? Crossover rates (3/23, 13%) are
acceptable so far but need to be closely monitored because
they complicate intent-to-treat analyses and necessitate an
adjustment in the total number of patients to be enrolled
to achieve meaningful results. The fact that all crossovers

TABLE 4. Intended management of all patients (n = 107)

Variable Unruptured Ruptured
S-M Grades | & Il
No. of patients 31 36
Mean age/SD (yrs) 50/18 40/18
Surgery 12 27
Embolization 2 3
Radiosurgery 0 4
Observation 17 2
S-M Grades IlI-V
No. of patients 22 18
Mean age/SD (yrs) 42/16 4116
Surgery 5 5
Embolization 2 0
Radiosurgery 3 8
Observation 12 5
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were from curative to conservative management is reas-
suring, considering that all treatments have yet to prove
their merits. We believe that facilitating recruitment in a
care trial is primarily performed for the benefit of current
patients, but the scientific goal of the enterprise cannot be
used to force patients to get treatments they would nor-
mally refuse.’® The alternatives have their own difficulties.

The ARUBA trial (A Randomized Trial of Unruptured
Brain Arteriovenous Malformations) used conventional
randomization and experienced recruitment difficulties; it
showed the immediate morbidity of curative attempts at
eradicating unruptured bAVMs in highly selected patients,
but conclusions remain controversial.”? One alternative is
to stop all treatments, as some have suggested.!* Other au-
thors are requesting a national or international registry to
monitor the clinical outcomes of various treatments.! This
option may be scientifically too weak to eventually justify
risky preventive treatments. In addition, while patients are
typically more inclined to participate because decisions
are made just like standard care, registries offer no pro-
tection against unvalidated interventions. Both options are
available in TOBAS, by participating in the correspond-
ing observation or treatment registries. Between these 2
extremes, we believe many patients will be best managed
within the context of a randomized trial, by being offered a
50% chance of having access to a curative treatment and a
50% chance of escaping the potential morbidity of a treat-
ment that may be revealed to be useless or harmful. The
substantial number of patients needed to reach meaningful
conclusions will require the collaboration of multiple cen-
ters, and the task is daunting. In the meantime, the most
important contribution of this novel study design may be
that the trial offers a clinical research context for prudently
practicing interventions that have yet to be shown benefi-
cial.# Finally, the worst-case scenario from a scientific per-
spective (poor recruitment in the RCTs, or an excessive
number of crossovers and no valuable randomized results)
would still result in the collection, within TOBAS, of data
from 2 observational studies: an observation and a treat-
ment registry.

By recording all patients managed at each center, the
TOBAS registry may provide a portrait of the kinds of
patients actually managed in each center. This may help
estimate the future generalizability of the RCTs. The all-
inclusive registry and the RCTs are integrated; thus, the
registry may promote the RCTs by regularly reminding
clinicians of the existence of the trials. It may also identify
clinical concerns (adverse events in alarming frequency,
for example). Finally, the registry can encourage a cul-
ture of multicenter participation in studies questioning the
merits of our interventions.

The pilot center has empirically used embolization
as an adjunctive treatment of bAVMs for 30 years. This
strategy has been appreciated by surgeons and radiation
therapists on our multidisciplinary team, who believe
their respective treatments are safer and more effective
once partial embolization has been performed. The fact
that in doing so we are adding risks up front, but with no
proven benefit later, has been the foundation of the second
RCT questioning the merits of preembolization. The sec-
ond RCT was this time more frequently used for ruptured
bAVMs. Again, we believe that until benefits are shown,
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the trial may actually protect half the participants from the
risks of an intervention that may prove useless or harmful,
as compared with management based on clinical judgment
alone, when patients are likely to accept embolization as a
“prudent” preliminary step to the intervention they agreed
to receive (surgery or radiotherapy).

The present study has many limitations, including a
small number of patients, incomplete follow-up periods,
and treatments that have yet to be performed. Thus, the
number of potential crossovers may have been underes-
timated. The main limitation of this study is that it was a
single-center experience. Whether this experience can be
generalized to other practices remains to be seen. Other
general limitations of the TOBAS trial have been dis-
cussed elsewhere.3!!

Conclusions

The TOBAS trial was well accepted by multidisci-
plinary clinicians at a single center. The design of the trial
appears to have found real-world utility in managing all
patients with bAVMs. Recruitment rates into the RCTs
have been encouraging, but the number of crossovers will
need to be closely monitored. Whether the trial will pro-
vide meaningful answers will depend on the recruitment
of a sufficient number of participating centers.
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