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ABSTRACT

Objective: The primary objective of this study is to review the evidence for aspirin use to prevent the growth of vestibular
schwannomas (VS) and to propose a prospective trial to determine the progression-free survival of VS patients after up to
42months of treatment with aspirin. Secondary study objectives are to determine the effect of aspirin on VS growth, hearing
function, serum biomarker levels, and the quality of life, as well as to determine the tolerability of aspirin treatment and whether
serum biomarker and salicylate levels predict the response to aspirin.

Study Design: Literature review.

Setting: Six academic and private medical centers.

Methods: Review of recent English literature regarding prophylactic aspirin use for VS.

Results: The retrospective reviews on the utility of aspirin to prevent VS growth are inconclusive. Eighty-four patients have been
enrolled in a prospective double-blinded, placebo-controlled trial thus far to determine the effect of aspirin on VS.
Conclusions: Completion of a robust study design is necessary. The current aspirin dose has been well tolerated, with minimal
adverse events to date.

Level of Evidence: Review of retrospective studies: Level 4; Proposed randomized, placebo-controlled, double-blinded clinical
trial: Level 2.

1 | Introduction an incidence of 1/33,000 [2]. Although histologically benign,

VS leads to substantial morbidity, including sensorineural
NF2-related schwannomatosis (NF2-SWN) (formerly neurofi- hearing loss, vestibular dysfunction, facial nerve paralysis,
bromatosis type 2) is an autosomal-dominant genetic disorder, paralysis of other cranial nerves, brainstem compression, and

the hallmark of which is the presence of bilateral VS [1] with even death.
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Unilateral sporadic VS have an incidence of 1/10,000 [3] and
are clinically, genetically, and histologically similar to NF2-
associated VS [4]. Although NF2-associated VS are multicentric
and pathogenic variants may differ [5, 6], sporadic VS are the
most similar tumors to NF2-associated VS [7]. Whether sporadic
or NF2-associated, VS have sensorineural hearing loss and tin-
nitus as the presenting signs in 95% of adults and are the most
commonly associated tumors in NF2-SWN [8, 9].

Current treatments for growing VS are limited to microsurgi-
cal resection, stereotactic radiation therapy, and bevacizumab
treatment. Microsurgical resection carries substantial risks,
including ipsilateral deafness and facial paralysis [10, 11].
Stereotactic radiation therapy is associated with sensorineural
hearing loss, vestibular dysfunction, and rare malignant trans-
formation [12].

Bevacizumab, a vascular endothelial growth factor (VEGF) in-
hibitor, decreases NF2-related VS tumor volume in 30%-47% of
patients and demonstrates a favorable hearing response in 20%-
56% [13-17]. Associated adverse effects of bevacizumab include
hypertension (23%-35%), proteinuria (18%-44%) and amenor-
rhea (16%-73%) [15, 16, 18, 19]. Other small molecule inhibitors
tested against VS have shown little or no effect, including erlo-
tinib [20], lapatinib [21], everolimus [22], AR-42 [23] and brigati-
nib [24]. Effective and well-tolerated therapy for VS is clearly an
unmet medical need [25, 26].

2 | Previous Studies

The use of aspirin for the treatment of VS was reported in a ret-
rospective study finding decreased growth in VS, and mech-
anistic studies with primary human VS cells in vitro found
aspirin to be cytostatic. Specifically, Kandathil et al. reported
the probability of VS growth in 81 patients who took aspirin
was approximately half of that in 266 patients with VS who did
not take aspirin (odds ratio=0.5) [27]. The dose of aspirin used
was not specified, although most frequently either 81 or 325mg
daily was reported, typically used for cardiovascular pro-
phylaxis. This finding suggested that aspirin may inhibit VS
growth and was confirmed with a subsequent volumetric anal-
ysis [28]. Moreover, mechanistic studies with primary human
VS cultures found that aspirin inhibited VS cell proliferation
and viability, and decreased secretion of prostaglandin E2, the
downstream enzymatic product of COX-2, which is the target
of aspirin. Importantly, aspirin had no effect on VS cell death
or healthy Schwann cells [29]. Treatment of patient-mimicking
NF2-associated schwannomas in mice with moderate doses of
aspirin resulted in decreased schwannoma progression in vivo
[30]. These data suggest a role for aspirin in inhibiting the pro-
liferation of VS cells.

Additional studies have implicated inflammation in VS progres-
sion. Specifically, immunohistochemically determined expression
levels of COX2 in VS tissue correlated with tumor proliferation rate
[31]. Pro-inflammatory transcription factor NF-kB was identified
and validated as a central molecule in VS pathobiology [32]; the
presence [33] and functional activity [34-37] of tumor-associated
macrophages in VS correlated with volumetric tumor growth;
human VS tissue was shown to secrete pro-inflammatory ototoxic

molecules including TNFa [38] and IL-6 [39]. Meta-analysis of the
genes differentially expressed in VS tissue revealed inflammatory
pathways as the top-ranked pathways in VS pathobiology, with po-
tential for molecular targeting via drug repositioning [40].

Despite the affirming mechanistic and bioinformatic studies
highlighting the central role of inflammation in VS progression,
two subsequent retrospective clinical studies failed to show as-
pirin associated with a reduced risk of VS growth [41, 42]. These
differing retrospective outcomes motivated the present study.
COX-2 inhibiting salicylates like aspirin are well tolerated,
inexpensive, and widely used, making this study potentially
valuable.

3 | Dosing Rationale

The dose of aspirin selected for this trial was based on our own
preclinical data and from well-known clinical applications tar-
geting pain and inflammation in humans. Low dose aspirin
(81 mg/day) in adults has an anti-platelet effect, but 325mg-
650mg/day has anti-inflammatory and analgesic properties.
We selected 650 mg/day for our adult subjects targeting an anti-
inflammatory response. Blood levels of aspirin that are consid-
ered adequate to treat inflammatory conditions range from 1.1
to 2.2mM [43-45]. This range is comparable with dosages found
efficacious in vitro. Specifically, the salicylate levels of 3.3mg/
dL were measured in media containing 5mM aspirin, which
led to a significant reduction in human VS cell proliferation
in vitro [29]. Such therapeutic salicylate levels are expected to
be detected in serum with a dose of aspirin around 600-800 mg
[46, 47]. This dose is substantially less than the range of salic-
ylate toxicity, as milder symptoms such as tinnitus have been
reported at approximately 25-35mg/dL serum salicylate levels
[48]. The current study therefore uses a daily regimen of 325mg
of aspirin twice a day (or placebo) for individuals 12 years of age
or older.

4 | Potential Adverse Effects of Aspirin

Aspirin toxicity is dose-related, and serious adverse effects are
extremely rare at low doses. Contraindications include preg-
nancy or trying to become pregnant, breastfeeding, chicken-
pox or flu (in children), hypersensitivity to salicylates or other
NSAIDs, asthma with rhinitis and/or nasal polyps, inherited
bleeding disorders like hemophilia, and severe renal or hepatic
failure.

Aspirin generally has a favorable adverse effect profile but does
include gastric irritation and bleeding, and an increased risk of
hemorrhage. Gastric irritation is treatable with antacids. The
incidence of major gastrointestinal (GI) events (upper GI ulcer,
peptic ulcer, serious GI bleeding) ranged from 0.8% to 2.6%
[49-53]. Additional studies demonstrate that, after controlling
for dose, the duration of aspirin use was not found to be associ-
ated with an increased risk of GI bleeding [54, 55].

The risks of tinnitus and hearing loss due to aspirin are dose
dependent and are typically observed when the daily intake of
aspirin is at least three times larger than proposed in the current
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study [48]. An epidemiologic analysis of analgesic use and the
risk of hearing loss revealed that longer duration (> 6years) of
aspirin use was not associated with a higher risk of hearing loss,
while longer duration of ibuprofen and acetaminophen use was
associated with a higher risk of hearing loss [56].

Young children have the rare potential risk of Reye's syndrome,
characterized by acute noninflammatory encephalopathy and
fatty degenerative liver failure following a viral illness, which
is increased if aspirin is administered [57, 58]. We thus exclude
children under the age of 12years in this study.

5 | Other Prophylactic Uses

Aspirin has been used for the primary prevention of cardiovascu-
lar disease (CVD) and the prevention of colorectal cancer (CRC).
Prophylactic use for these purposes has been a deterrent to recruit-
ment to this study for potential subjects concerned that they needed
to continue a low-dose aspirin prophylaxis. Recommendations for
the prevention of CVD were altered by the United States Preventive
Services Task Force (USPSTF) in 2022. It recommended that the
decision to initiate low-dose aspirin use for the primary preven-
tion of CVD in adults aged 40-59years with a 10% or greater 10-
year CVD risk should be an individual one, as evidence indicated
that the benefit of aspirin use in this group was small. Persons
who are not at increased risk for bleeding and are willing to take
low-dose aspirin daily are more likely to benefit. The USPSTF rec-
ommended against initiating low-dose aspirin use for the primary
prevention of CVD in adults 60years or older. The USPSTF also
withdrew its recommendation regarding CRC, deeming the evi-
dence supporting aspirin’s reduction of CRC risk as “inadequate”
[59]. Contrariwise, Chan opined that the USPSTF's statement was
based on a narrow interpretation of new primary CVD prevention
trials with limited relevance to CRC and failed to consider the
broader evidence base supporting aspirin's efficacy for CRC pre-
vention [60, 61].

As the benefit of aspirin to patients with VS is yet unknown, po-
tential study subjects and their primary care physicians should
consider the relatively weak evidence for and against aspirin pro-
phylaxis of CVD and CRC. For the purposes of this study, partici-
pation seems feasible even for those subjects who have previously
been on aspirin or other nonsteroidal anti-inflammatory drugs.
Study subjects are required to undergo a 60-day aspirin discon-
tinuation washout period to proceed.

6 | Potential Benefits of Study Participation

Patients may benefit from halted or reduced tumor growth.
Additionally, for NF2-SWN patients randomized to the aspirin
arm, they may see halted or reduced tumor growth in other NF2-
related tumors. For patients who are randomized to the placebo
arm, they may or may not benefit directly from placebo treatment,
but they have the option of receiving open-label aspirin if the tu-
mors progress while on placebo. Future patients with VS and NF2-
SWN will certainly benefit from the conclusions of this study. The
reduced morbidity due to avoiding surgery or radiation-related
adverse events, may be considerable. Likewise, the unnecessary
treatment can be eliminated if not shown to be effective.

7 | Biomarker Analysis

Increasing evidence is emerging of serologic biomarkers of VS
growth and hearing loss [36, 37]. The current study incorporates
biomarker analysis, such as TNFa and prostaglandin E2 levels,
as well as confirms serum levels of salicylates in study partici-
pants. These data may aid in determining treatment risks and
benefits to patients who present with VS, including predicting
responses to aspirin treatment.

8 | Study Design/Methods

After IRB approval 2019P000045 from Mass General Brigham,
the following study was ensured.

In the randomized treatment phase of this study, patients aged
12years or older with VS are recruited into one of two randomized
groups who receive either 325mg aspirin twice daily or a placebo.
For patients whose weight is less than 50kg, the aspirin dose is
81mg twice daily. Patients stay on aspirin as long as there is no
more than a 20% increase volume in VS size from baseline. All pa-
tients are followed throughout the duration of the study (42 months
post-baseline), unless they receive other definitive treatment or
progress as defined below. If tumor volume progresses >20% from
baseline, the blind is broken, and the subjects have the option to
participate in the Open Label Follow-Up Phase as follows:

« Subjects whose tumors progressed on placebo may opt to
receive aspirin and continue to be followed in the Open
Label Phase until they progress further (an additional 20%)
or they reach 42months post-baseline.

« Subjects whose tumors progressed on aspirin may continue
to take aspirin and be followed in the Open Label Phase
until they progress further (an additional 20%) or they reach
42months post-baseline. See Figure 1. Subjects whose tu-
mors progress during the Blinded Randomized Treatment
Phase may decide to come off treatment and pursue surgery
or radiation.

Subjects are notified of what group they were randomized into
when their study participation has ended. Subjects have the
option of taking over-the-counter aspirin treatment once their
study participation has ended.

Subjects who experience an adverse event of grade 3 (severe or
medically significant but not immediately life-threatening) or
grade 4 (life-threatening) that is determined to be related to as-
pirin treatment are removed from the treatment but continue to
be followed.

9 | Inclusion Criteria

All subjects that participate in this study must meet the follow-
ing criteria:
1. Ability to provide informed consent.

2. Pediatric patients must provide assent in addition to their
parents/guardians’ consent.
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FIGURE1 | Schematic of Study Design. The randomized and open-label phases of the study are depicted. PR is tumor progression of >20% by

volume.

3. Age>12years.
4. VS categorized as NF2-SWN associated or sporadic.

5. Newly diagnosed VS within the last 2years or any growing
VS (tumors are considered growing if it they show >2mm
increase in any dimension or >20% change in volume be-
tween scans at least 6 months apart).

6. Confirmed radiographic diagnosis of VS by an MRI scan.
Images must be present at baseline.

7. Ability to swallow capsules.

10 | Exclusion Criteria

The presence of any of the following excludes potential subjects
from participation:

1. Use of aspirin (or aspirin containing products)
more than four times in a single week within the last
2months. However, patients may complete a 60-day
washout period.

2. Use of systemic steroids or nonsteroidal anti-inflammatory
drugs (NSAIDs) more than four times in a single week in
the last two months. Patients may complete a 60-day wash-
out period.

3. Refusal to refrain from the use of aspirin, aspirin-
containing products, NSAIDs, and steroids throughout the
course of the study.

4. Anticoagulation
5. Prior treatment for vestibular schwannoma as follows:
o Radiation. For patients with bilateral vestibular schwan-
nomas, of which only one has been irradiated, patients

are eligible if the tumor on the non-irradiated side is
designated the target lesion.

o Bevacizumab within 60 days prior to enrollment. Patients
who have more than a 60-day washout period are eligible.

o Surgical resection of the target lesion must occur within
6 months prior to enrollment. Patients with prior surgical

resection of the target lesion must have a post-op scan
that shows residual tumor growth to be eligible.

6. Known allergy to aspirin.

7. Impairment of gastrointestinal function or gastrointesti-
nal disease.

8. Patients are at an increased risk of gastrointestinal or
other bleeding.

9. Pregnant or lactating women.
10. Patients with serious medical illnesses.
11. Hydrocephalus.

12. History of febrile or flu-like illness in subjects less than
18years of age.

11 | Randomization

Randomization to aspirin or placebo treatment is achieved by
a permuted block design stratified by clinical center, NF-2 ver-
sus sporadic etiology, and tumor growth status (growing or un-
known) to maintain balance across these factors. The lead study
pharmacist also maintains the randomization status of study
subjects across all sites.

11.1 | Response Criteria

Radiographic response is defined as at least a 20% decrease in the
VS volume, taking as reference the baseline volume. Progressive
disease is defined as at least a 20% increase in the VS volume,
taking as reference the baseline volume during treatment.
Stable disease is defined as not meeting criteria for radiographic
response or for progressive disease. MRIs will be obtained at
6months and yearly thereafter unless >20% volume growth is
detected.

Hearing response criteria are defined relative to the baseline
word recognition (WR) score (Plotkin et al. 2009b): hearing im-
provement is defined as improvement in word recognition (WR)
score above the 95% critical difference; stable hearing is defined
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as persistence of WR score within the 95% critical difference;
progressive hearing loss is defined as a decline in WR score below
the 95% critical difference.

Serologic response criteria are defined relative to the baseline
biomarker levels of TNFa and prostaglandin E2. Serum salicy-
late levels are measured to assess compliance with therapy.

Quality of Life response criteria are defined relative to baseline
scores on the following surveys: Penn Acoustic Neuroma Quality
of Life (PANQOL) survey for non-NF patients, NF2 Quality of
Life (NFTI) survey for NF2 patients, and tinnitus interference
questionnaire for all patients. These surveys are reliable, widely
used, and have been validated in multiple studies.

12 | Progress to Date

To date, 84 study subjects have enrolled of a projected 300 neces-
sary for statistical rigor. Three failed screening, 18 subjects have
withdrawn for the reasons of personal preference, change of in-
surance, election for surgery, need for aspirin or other NSAIDs
for other symptoms, and three for symptoms related to aspirin
(gastrointestinal discomfort). Nine subjects have terminated for
tumor growth, 11 have completed the 42months on study, and
one is in the open label phase with 20 active study subjects. See
Figure 2 timeline.

13 | Challenges

Several challenges have been encountered. Alignments in a mul-
ticenter study with the individual Investigational Review Boards
(IRB) and the Department of Defense (DoD) Human Research
Protections Office (HRPO) are challenging. Covid-19 prevented
potential study subjects from attending clinics for several years.
Recruitment is also affected by the patient's ability to choose to
take over-the-counter aspirin rather than be assigned randomly
in this study. Some subjects take aspirin on their own. Other
drug trials also compete for NF2 patients.

The number of enrolled subjects who have withdrawn from the
study is higher than anticipated. Perhaps the indolent nature of
tumor growth and patients' lack of urgency or relative sense of
well-being has played a role. Fortunately, the funding for the
study provided by the Department of Defense has been granted
no-cost extensions to allow continued accrual. The first interim
statistical analysis is planned when there are 100 evaluable

Response Evaluation Timeline (months)

subjects. Perhaps a difference between groups will be detected
because the current study design entails a larger dose of aspirin
(650mg) consistently taken than in the previous retrospective
studies where most patients took 81 or 325mg.

14 | Secondary Biomarker Endpoints

To test whether baseline levels of the specific molecules in the
blood predict response to therapy, a panel of serum biomarkers
will be analyzed [36, 37]. Mediation analysis will be applied [62].
Improved identification of individuals for whom the protective
benefits of aspirin outweigh the potential sideeffects may allow
a precision medicine approach to emerge.

15 | Statistical Considerations

The primary study outcome is progression-free survival. Our
retrospective study of 347 VS patients whose tumors were
clinically documented with serial MRI scans revealed that
patients taking aspirin for unrelated reasons were less likely
to have tumor growth than those not taking aspirin, with the
proportion of patients experiencing tumor growth being 0.41 in
those taking aspirin and 0.58 in those not taking aspirin [27].
The power analysis was performed based on two prior stud-
ies demonstrating volumetric growth in untreated vestibular
schwannomas in 59% and 66% of subjects, respectively, with a
mean follow-up of 4.5 and 3.8 years respectively [28, 63]. Based
on these data and with our planned follow-up of 42 months and
150 patients per group (treatment versus control), a log-rank
test for a difference in progression-free survival will have 80%
power to detect a significant treatment effect at a 0.05 two-sided
significance level.

Analyses will use all available data and follow the intention-
to-treat principle. No deaths are anticipated. Loss to follow-up
should be low because patients whose tumor volume increases
by more than 20% will continue to be followed despite being
taken off treatment. Patients who progress will be removed from
treatment or crossed over for ethical and safety reasons. The
causal effect of treatment can only be estimated on the primary
outcome since all patients in the risk set at each event time will
still be on the initially assigned aspirin or placebo treatment.

Specific analyses planned for primary and secondary objectives
of the study are specified in Table 1, along with the correspond-
ing endpoints and statistical analytical tools.

0 6 12 24 30 36

| | I | | |
* Radiologic || * Radiologic || * Radiologic || * Radiologic (| * Radiologic || * Radiologic | * Radiologic
* Audiologic || * Audiologic || * Audiologic || * Audiologic || *Audiologic || * Audiologic || *Audiologic
* Serologic * Serologic || * Serologic * Serologic * Serologic
* Surveys * Surveys

FIGURE2 | Response evaluation timeline. All patients will have up to 42 months of follow up time. The final surveys will be administered at the

time of study completion.
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TABLE1 | The study's objectives and endpoints.

Objective

Endpoints

Primary To determine progression-free survival
(PFS) of VS patients after up to

42months of treatment with aspirin

Secondary/exploratory To determine the effect of aspirin on VS growth

To determine the effect of aspirin
on hearing function

To determine the effect of aspirin on serum
biomarkers TNFa and prostaglandin E2

To determine the effect of aspirin
on serum salicylate levels

To determine whether baseline levels
of TNFa and prostaglandin E2 predict
response to aspirin (serologic prediction)

Secondary/exploratory

To determine whether changes in TNFa and
prostaglandin E2 levels mediate the treatment
effect of aspirin (serologic mediation analysis)

To determine whether changes in salicylate
levels mediate the treatment effect of aspirin

To determine the tolerability of aspirin treatment

To determine the effect of aspirin
treatment on quality of life

Time to tumor progression
Analysis: Cox model

% change in VS radiographic volume at
6-12month intervals compared with baseline
Analysis: Random effects model

Proportion of patients with hearing loss
compared with baseline at 12 and 24 months
Analysis: Logistic regression

Mean change in protein biomarkers (based on
ELISA assays) compared with baseline at 12
and 24 months and at completion of the study
Analysis: Random effects model

Mean change in serum salicylate levels
compared with baseline at 12 and 24 months
and at completion of the study
Analysis: Random effects model

Progression free survival
Analysis: Cox model with interactions
% change in VS volume at 6-month intervals
Analysis: Random effects
model with interactions
Proportion of patients with hearing
loss at 12 and 24 months
Analysis: Logistic regression with interactions

Time to progression
% change in VS volume at 6-12month intervals
Proportion of patients with hearing
loss at 12 and 24 months
Analysis: Mediation analysis

Time to progression
% change in VS volume at 6-12month intervals
Proportion of patients with hearing
loss at 12 and 24 months
Analysis: Mediation analysis

Number of adverse events per
patient per unit follow up time
Analysis: Negative binomial regression

Scores on PANQOL survey (non-NF2 VS-specific
quality of life for patients with sporadic VS),
NFTI survey (NF2-specific quality of life for

patients with NF2) and on tinnitus interference
questionnaire at the beginning and end of study
Analysis: Random effects model

Note: For each endpoint, statistical analysis is highlighted in blue.

16 | Considerations Regarding NF2-SWN Subjects

This Phase 2 study is not powered to detect a treatment by tumor
etiology in the NF-2 patients alone. As an exploratory objective,
these effects will be estimated and will provide valuable data for
planning a potential Phase 3 study.

17 | Data Safety and Monitoring

The Data and Safety Monitoring is ongoing with the contin-
uous evaluation of safety, data quality, and data timeliness.
Frequency and severity of adverse events are reported. The
Medical Monitor reviews all unanticipated problems involving
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risks to subjects and provides an independent report of events
to the IRB, the Data Safety and Monitoring Board (DSMB), and
the Human Research Protection Office (HRPO) for the U.S.
Army Medical Research and Materiel Command. The Data
Safety and Monitoring Board (DSMB) serves as the independent
data and safety monitoring board. The revised NCI Common
Terminology Criteria for Adverse Events (CTCAE) version 5.0
are utilized.

18 | Participating Sites

Massachusetts Eye and Ear (Boston, MA), Stanford University
(Palo Alto, CA), the Mayo Clinic (Rochester, MN), the University
of Utah (Salt Lake City, UT), the University of Miami (Miami,
FL) and the Barrow Neurological Institute (Phoenix, AZ).

19 | Conclusions

The authors encourage referral and patient participation. We
look forward to completion in a rigorous fashion, which will
hopefully answer the question regarding the efficacy of aspirin
in the treatment of vestibular schwannomas.
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