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Abstract

Background. Successful management of pediatric low-grade glioma (pLGG) can be complicated by eloquent
anatomical location, as well as specific pathologic and molecular features. Some authors have proposed using
the VEGF inhibitor bevacizumab to improve disease control, but its safety and efficacy are poorly defined.
Correspondingly, our aim was to pool systematically identified clinical data in the literature to assess the clinical
utility of bevacizumab for pLGG at progression.

Methods. A systematic search of 7 electronic databases from inception to June 2019 was conducted following
PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) guidelines. Articles were screened
against prespecified criteria. Outcomes were then pooled by random-effects meta-analyses of proportions.
Results. Seven pertinent studies described the outcomes of 110 progressive pLGG patients managed with
bevacizumab in largely multiagent regimens. While on treatment, the rate of clinical response was 58% (95% Cl,
43%-72%), and the rate of response on imaging was 80% (95% Cl, 58%-96%).The rate of grade 3 or higher toxicity
was 8% (95% Cl, 2%-17%), with proteinuria the most commonly described. In the off-treatment period up to me-
dian 1 year, the rate of progression was estimated to be 51% (95% Cl, 28%-74%).

Conclusions. Bevacizumab has the potential to control clinical and radiographic disease with relatively low grade 3
or higher toxicity risk in progressive pLGG patients. However, the long-term off-treatment benefits of this therapy
are not yet well defined. Heterogeneity in the literature precludes any formal recommendations regarding its use
until larger, more standardized investigations can be performed.

Avastin bevacizumab low-grade glioma pediatric safety

explore novel drug agents to continue to optimize disease
control.>8

Pediatric low-grade gliomas (pLGGs) are a diverse group of
World Health Organization (WHO) grades | and Il gliomas in

children that comprise about one-third of all pediatric brain
tumors.! Although surgical resection is the mainstay primary
treatment for many of these tumors, pLGGs that are refractory
or inaccessible to surgical resection can recur or progress,
leading to increased risk of long-term morbidity and mor-
tality.>* Owing to tumor location and neurodevelopmental
concerns, surgery and radiation therapy respectively are not
universally indicated for pLGGs, highlighting the need to

There have been multiple chemotherapeutic agents tested
in the setting of progressive pLGG to understand whether
surgical limitations and radiation restrictions can be circum-
navigated for long-term control.®'2 However, there is a lack of
high-quality evidence suggesting these interventions confer
universal long-term disease control.’”®* More recently, the effi-
cacy of the VEGFA inhibitor bevacizumab (Genentech, Avastin)
has been demonstrated to increase progression-free survival
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in adult high-grade glioma,'"” with emerging anecdotal
series about its use in the setting of pLGG'3'8-2% conferring
both tumor volume reduction and clinical symptomatology
resolution. Clinically, improved visual field and acuity, im-
proved motor function, weight gain in diencephalic syn-
drome, and reversal of psychomotor retardation have all
been reported to occur in pLGG patients with bevacizumab
treatment specifically, highlighting it as a “novel” therapy
that warrants serious consideration to further improve the
prognosis of pLGG patients.?224

However, a recent trial investigating bevacizumab in the
setting of pediatric high-grade glioma has raised concerns
about safety in this specific age group—all participants ex-
perienced at least 1 adverse event, the most common being
proteinuria and thromboembolic events, and the majority
of these patients required dose modification, if not discon-
tinuation, in response.?® Correspondingly, the aim of this
study was to assess the efficacy and safety of bevacizumab
in the setting of progressive pLGG as reported in the litera-
ture to better inform clinical practice.

I
Methods

Search Strategy

The search strategy was designed using the Population,
Intervention, Comparison, Outcome and Study type
(PICOS) format. Specifically, the research question was,
Among patients with progressive pLGG (Population)
treated with bevacizumab (Intervention and Comparator),
what are clinical and survival outcomes (Outcome) based
on observational studies (Study type) during and after
treatment? A systematic review of the literature was con-
ducted in accordance with the Preferred Reporting ltems
for Systematic reviews and Meta-Analyses (PRISMA)
guidelines and recommendations.?® Electronic searches
were performed using Ovid Embase, PubMed, SCOPUS,
and Cochrane databases from inception through June
2019. Records were screened independently by 2 investiga-
tors (V.M.L. and J.PW.) using the following string of terms:
(bevacizumab OR Avastin) AND (pediatric OR children)
AND (glioma), with sample query and term translations
provided in SupplementaryTable 1.

Selection Criteria

Included articles reported patient cohorts 1) with confirmed
progressive LGG (WHO grades | and Il), 2) age 18 years or
younger at time of initial bevacizumab treatment, 3) with
bevacizumab as part of their treatment, and 4) with at least
response or adverse event outcome reported. Patients pre-
senting with recurrent disease were considered progres-
sive in this context. No restrictions were made regarding
prior treatment or concomitant use of other agents in com-
bination with bevacizumab. Studies were excluded from
analysis if they assessed 1) adult patients, 2) patients with
high-grade glioma, 3) patients with nonglioma pathology,
and 4) outcomes for fewer than 3 patients. For institutions
publishing serial overlapping cohorts, the larger, more
clinically complete study was included for quantitative

assessment. Case reports, editorials, reviews, and ab-
stracts were likewise excluded from analysis. Only publica-
tions in English were considered for review.

Data Extraction

In accordance with PRISMA guidelines, outcomes were ex-
tracted directly from article text, tables, and figures inde-
pendently by 2 investigators (V.M.L. and J.PW.).The primary
end points were clinical response, response on imaging,
adverse events while on treatment, and radiographic pro-
gression off treatment. Because there is no clear standard
number of bevacizumab treatment cycles for pLGG, the ac-
tual number of cycles administered was allowed to be study
specific, indicative of patient-dependent tolerability. Clinical
response was defined as a favorable change in at least 1 clin-
ical symptom, such as improved visual acuity, hemiparesis,
or gait instability. A response on imaging was defined as a
greater than 25% reduction in tumor volume from baseline
dimensions on MR imaging in the largest bidirectional area
as reported by study investigators. This included complete,
partial, and minor responses as based on the previously
used scale used to study bevacizumab in pLGG patients spe-
cifically.?* Similarly, radiographic progression was defined
as a greater than 25% sustained increase in tumor volume
off treatment compared to last known volume on treat-
ment.?* Grade 3 or higher toxicities were defined according
to CommonTerminology Criteria for Adverse Events 4.0.77 In
brief, grade 3 complications are so disabling, severe, or med-
ically significant but not immediately life-threatening that
admission or prolongation of hospitalization is indicated.
Grade 4 complications have potentially life-threatening con-
sequences mandating urgent medical intervention.

Meta-Analysis

The incidence rates of the previously stated outcomes were
the primary summary statistics of this study. Incidence was
calculated with initial variance by Fisher exact test for bino-
mial data, and then transformed by Freeman-Tukey transfor-
mation to stabilize the variances.?® All statistics were pooled
by meta-analysis of proportions using the random-effects
model described by DerSimonian and Laird?® to provide the
overall study statistic. Heterogeneity was assessed using P
for random-effects modeling, with values greater than 50%
indicating substantial heterogeneity.®® Meta-analytic data
were presented as forest plots. All Pvalues were 2-sided, and
significance was defined using the alpha threshold .05. All sta-
tistical analyses were conducted with STATA 14.1 (StataCorp).

Certainty, Quality, and Bias Assessment

The certainty of each outcome was evaluated using the
Grading of Recommendations, Assessment, Development
and Evaluations (GRADE) approach and presented as a sum-
mary of findings to identify the certainty of pooled outcomes.3'
The quality of evidence for each study was then evaluated
using a modified Newcastle-Ottawa scale® for assessment of
single-arm cohort studies.® Overall methodologic quality was
then summarized based on the quality of trends observed. In
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terms of bias for each outcome, when the number of studies  The proportion of female patients ranged from 25% to 67% E’;U %
exceeded 10, publication bias was assessed using funnel  where reported, and median age at first treatment was f—’r ﬁ
plots, and small-study biases were evaluated using the Egger 7 years (range, 4.8-10 years) (Table 1). The most common a ?
linear regression test and Begg correlation test.3435 histopathology reported was pilocytic astrocytoma, with ® O

7% to 31% of included patients having neurofibromatosis g
_ type 1. Median fO”OW-Up time after bevacizumab therapy 2

was 11 months (range, 5-49 months). (@)
Results In terms of prior treatment, surgical resection was per- 8

Search Results

The primary search produced 282 articles. Following removal
of 71 duplicate citations, the titles and abstracts of 211 articles
were screened against the selection criteria (Fig. 1). Sixteen
abstracts were deemed relevant to the study question and
met the criteria, without any discrepancies. Six retrospective
studies,'3181921-23 gnd 1 prospective (Pediatric Brain Tumor
Consortium, PBTC) phase 2 trial?®® published between 2012
and 2019 satisfied all selection criteria after full-text screening
(Table 1). Avery et al®® and Packer and colleagues® were ex-
cluded because of cohort overlap with Hwang et al."

Demographics and Clinical Features

In total, the outcomes of 110 pLGG patients treated by
bevacizumab at progression were included in our analysis.
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formed in 0% to 70% of patients, radiation therapy in
0% to 27%, and previous chemotherapy in 75% to 100%
(Table 2). All studies dosed bevacizumab at 10 mg/kg every
2 weeks, with the median number of doses ranging from
10 to 24 doses equating to 5 to 48 months on therapy. Only
2 studies™?' reported monotherapy administration of
bevacizumab, with the most common combination other-
wise being dual therapy with irinotecan.

On-Treatment Outcomes

The 6 retrospective studies reported responses on imaging
to bevacizumab,'3'81921-23 and the pooled rate was 80%
(95% Cl, 58%-96%; P = 73%; P-heterogeneity < .01; Fig. 2).
All studies except 1 used a threshold of 256% tumor volume
reduction for response, with Couec et al'® using a 50%
threshold value. Notably, the prospective PBTC study by

'
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£ database searching (n = 281) reference lists (n = 1)
5
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—_ Total records screened (n = 282) <
i > Duplicates removed (71)
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£
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é-j’ for screening (n = 211)
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E Full-text articles assessed for
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kot Studies included in quantitative ! not_ LGG specific
° : 1 review
= analysis (n = 7)
c

Fig. 1 Search Results According to PRISMA Guidelines LGG indicates low-grade glioma; PRISMA, Preferred Reporting Items for Systematic
reviews and Meta-Analyses.
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Gururangan and colleagues? reported sustained response

2 g g on imaging in only 2 of 29 (7%) of their eligible cohort;
3 .g‘ 2 however, it was not pooled with the other studies be-
2 £ S cause of concerns about its retrospective design given that
= = . . . . .
& X £ they considered responses occurring only within the first
§ g E = o 2 s RN é 4 courses of bevacizumab and lasted for at least 8 weeks.
=<m A § Clinical response was reported by 4 studies'3192223 for a
< :: pooled response rate of 57% (95% Cl, 43%-71%; P = 14%;
°c§ o P-heterogeneity = .32; Fig. 3). The most common clinical
2 § § R 8 8 R = response was improvement in vision (visual field), with
e N - © & — N '§_ improvements in motor and endocrinologic function, and
= & © o © < 8 headaches also noted (Table 2).
Q _ = Grade 3 or higher toxicity was evaluated by all
ol — - 8 - g g 7 studies.’®'823 Pgoled incidence of the 6 retrospec-
o S > - . . . . .
< 8 § S 2 S % tive studies yielded an incidence of 12% (95% Cl, 5-22%;
g = g o Q > P = 10%; P-heterogeneity = .35) (Supplementary Fig. 1).
- = = @ o © = The most common toxicity was proteinuria, with other rel-
B .00 o & . = P
3 § % % o 2 (RG] 8 Q S evant complications including bone pain, hyperglycemia,
© L N o = &g 2 © = hyperkalemia, fatigue, gastrointestinal toxicity, and syno-
2 -2 o Z2sa B P )
o < 8 £ T £ 2 < ; vitis (Table 2). The prospective PBTC study by Gururangan
9 s> 2 29 3 ©3 o = et al?® reported grade 3 or higher toxicity in only 3 of 35
. = (9%) of their eligible cohort. No significant hemorrhagic
o 2 events were reported in any study.
©
c 2 E
<% E
g 2 - Off-Treatment Outcomes
T = © o < ™ 5
° c‘l_) 4 3 . 3 2 L. .
= - * v *® w2 s At last clinical follow-up, pLGG progression or recurrence
. 3 after bevacizumab treatment was reported by 5 retrospec-
o o0 .
5 2 N E B ° tive studies'31819.2223 gt gn estimated rate of 50% (95% Cl,
3 < . . .
A ~ o ¥ N oo 8 20%-80%; P = 84%; P-heterogeneity < .01), with a median
w2 © - ~N o~ =2 z2 Z o .
S g follow-up time of 11 months (range, 5-49 months) after
L .2 . .
e 5% cessation of treatment (Supplementary Fig. 2). The pro-
o . g& spective PBTC study by Gururangan et al?® reported off-
< [ = o - . - - -
R 2 ©» g ¥~ g o treatment progression in 12 of 35 (44%) of their eligible
= e cohort at a median 5 months after cessation of treatment.
B~ o o (&9 ~& No significant off-treatment bleeding events were reported
© © o o o S o %S X i X i
> :.r‘ o < N N g Ry a2 during this period in any study.
St BRI
b S8 & & &% Ew
—
= = = = s 5 <~ &= Certainty Assessment
o 8 - - = 2= B8
2 n NN 0 wZaon 3 E ) )
K 888 8 8388 s All outcomes were assessed for certainty using the GRADE
I O e oo o« o efxco % 5 criteria (Table 3).The certainty of response on imaging was
'§ . © "_', deemed very low because of quality and consistency con-
= o . ..
= Z <_S i cerns. The certainty of clinical response was deemed low
z o £ 3% because of generalizability and sparsity of data concerns.
@ © & g ” B2 The certainty of grade 3 or higher toxicity was deemed
— ~ (%) . . . .
-§ s 0 ’% a ) ; =S moderate. Finally, the certainty of progression was
c = — ~ N o own
2 = 4 2 © § 2 8 o 220 deemed very low because of the heterogeneous nature of
o= — o =
s B :’é S% © § ¢t 8%F%S recurrence and follow-up concerns.
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£ T ST sS<g 206 8 5 552 Quality and Bias Assessments
g o S »v ®h ho Az =2 z = § S
+— = — . . .
= o %g E For the purposes of this study, the quality of evidence
e N ) ~ 1= . . .
= g o [ - ™ g 2 EE from the included studies ranged from high to moderate
E’. & g L0 5 *; § b=y 2 2 E according to the modified Newcastle-Ottawa Scale criteria
Z T ] § = = e s 52 (Supplementary Table 2). The primary reason for quality
o = = © E= Y— .. .
s o0 & 3 2 B g 8E% deficiency was the lack of reporting of all our 4 outcomes
- 2 © o oS, O o 220 . . - .
) Sz o (5] 58 ¢ 9 [ =] of interest. The risks of publication and small-study biases
K 263 3 > g s 3 ] §‘£ £ could not be reliably performed because of limited cohort
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numbers (< 10) and so were not conducted.
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Radiographic response on treatment

Study

Zhukova et al. 2019

%

*

Gorsi et al. 2018

Kalra et al. 2015 *
Hsu et al. 2015

Hwang et al. 2013

Couec et al. 2012

Overall ("2 =73.01%, P=.00)

ES (95% Cl) Weight

0.53 (0.30-0.75) 17.74
—o— 0.80 (0.55-0.93) 17.74
0.44 (0.23-0.67) 17.99
—§—01.oo (0.68-1.00) 14.87
—-—0— 0.86 (0.60-0.96) 17.46
S 41.00(0.65-1.00) 14.20
0.80 (0.58-0.96) 100.00

Fig. 2 Forest Plot of Incidence of Favorable Responses on Imaging (Regression or Stabilization) on Treatment Effect size (ES) of incidence, its
95% Cl, and relative weightings are represented by the middle of the square, the horizontal line, and the relative size of the square, respectively.

I
Discussion

The optimal management for progressive pLGG is not well
defined. Our study aimed to summarize the efficacy and
safety of the anti-angiogenic agent bevacizumab in this
setting, either in single-agent or multiagent intervention
protocols. Based on the studies pooled in the current litera-
ture, clinical and imaging improvements were observed in
approximately 3in 5 and 4 in 5 patients while on treatment,
respectively, with 1 in 10 patients experiencing a grade 3
or higher toxicity. Following treatment cessation, progres-
sion was estimated to occur in half the cases at a median
time of 1-year posttherapy. These data will assist clinicians
in prognosticating patients with progressive or recurrent
pLGG considering therapy with bevacizumab as part of
management.

The propensity for many types of pLGG to progress or
recur mandates the exploration for effective interventions
that afford favorable disease control. Repeat surgery and
radiation therapy are effective modalities, but their clin-
ical utility is limited to a subset of patients because of in-
volvement of eloquent regions and the pediatric brain’s
vulnerability to radiation.®’3® For instance, optic pathway
involvement is often a contraindication to further resec-
tion and radiation, and the improvement in vision in an
appreciable proportion of pLGGs presented here sup-
ports bevacizumab as an alternative intervention in these

patients. Zhukova and colleagues®® reported that all
pLGG patients with visual deficits had either improved or
stabilized after the commencement of bevacizumab. Other
reported clinical improvements, such as motor and endo-
crine responses, likely reflect the alleviation of glioma-
associated tumor burden and peritumoral edema, as in
the setting of recurrent glioblastoma.?%4° Qur analysis in-
dicates that not all pLGG patients will have a clinical re-
sponse to bevacizumab; however, not all indications to
use bevacizumab in progressive pLGG require a clinical
symptom to target vs prevent further radiographic pro-
gression, for example. Greater granularity as to specific
clinical indications and contraindications is needed to
better frame its application for this aspect.

In terms of imaging, bevacizumab resulted in either re-
gression or stability in a majority of pLGG patients. When
the clinical use of bevacizumab was first conceived for
glioblastoma, its antiglioma effects were envisaged to be
more amenable to radiographic than clinical detection,
which appears to also apply to pLGG based on our re-
sults.*’ However, at least in the context of pLGG, response
on imaging alone may not prove the most useful metric
of success given the large variance in defining success.
In particular, the prospective PBTC study by Gururangan
et al?® observed only a 2 of 29 (7%) response rate when
requiring responses to occur within the first 4 courses
of bevacizumab and be sustained for 8 weeks. This rate
was drastically lower than all other retrospective pooled
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Clinical response on treatment

%

Study ES (95% Cl) Weight
Zhukova et al. 2019 * E 0.47 (0.25-0.70) 25.01
Gorsi et al. 2018 ; + 0.73 (0.48-0.89) 25.01
Kalra et al. 2015 * E 0.44 (0.23-0.67) 26.37
Hwang et al. 2013 E * 0.64 (0.39-0.84) 23.61
Overall (I"2=14.41%, P=.32) <> 0.57 (0.43-0.71)  100.00

Fig. 3 ForestPlot of Incidence of Favorable Clinical Response (ie, Symptom Resolution or Improvement) on Treatment

studies, although none of those studies mandated an
8-week period of response maintenance. Ultimately, the
combination of the relatively insidious course of LGG and
the longer life expectancy potential of the pediatric dem-
ographic implies that other aspects, such as quality of
life and cognitive function, posttherapy may also be just
as insightful for the prognosis of pLGG patients.234243
Nevertheless, the reported rates of regression and stabi-
lization of pLGG by imaging while on treatment is an en-
couraging therapeutic result to appreciate.

The overall incidence of grade 3 or higher toxicity fol-
lowing bevacizumab therapy in pLGG was 12% in our
study, with no cases of intracranial hemorrhage reported.
In fact, the overall complication rate was significantly lower
than the rate of similarly graded events in adult glioblas-
toma,™ as well as pediatric high-grade glioma.?> The most
common serious complication requiring medical interven-
tion and/or therapy discontinuation was hyperproteinuria,
a known associated adverse event with bevacizumab
thought to result from VEGF and other growth factors
disrupting the podocytes and increasing permeability.44-47
Although manageable by bevacizumab discontinuation,
we posit temporizing measures such as therapy “holidays”
to prevent therapy discontinuation may one day be valid-
ated for pLGG cohorts based on the experience of other pe-
diatric tumors, such as those in neurofibromatosis type 2,48
to allow for prolonged therapy and further optimized clin-
ical efficacy and safety. This highlights further that greater
experience with bevacizumab in other pediatric tumors

may assist in identifying pLGG patients most amenable
to treatment in the future because anecdotal reports in
vestibular schwannoma cohorts suggest that efficacy is
maximal following partial surgical, not complete, resec-
tion.*® Nevertheless, the relatively low incidence overall of
grade 3 or higher toxicity in the current literature appears
to support the judicious use of bevacizumab for pLGG
management.50-52

The impact of bevacizumab on long-term progression-
free and overall survival of patients with pLGG is unclear.
Although on-treatment outcomes were generally favorable,
about half of patients progressed following cessation of
bevacizumab, albeit with a high degree of statistical heter-
ogeneity. One possible explanation for this is the variation
in on-therapy duration, on which there is currently no con-
sensus and that varied greatly among the included studies.
Hwang and colleagues' tested the hypothesis of repeated
bevacizumab courses in pLGG affecting long term-control
and noted that early favorable efficacy was not attenuated
on subsequent readministrations. Therefore, although the
optimal duration of bevacizumab therapy is unclear, the
response of pLGG to bevacizumab appears reproducible
between cycles in well-selected pLGG patients. At a basic
science level, this is supported by the theory that repeat
induction of telomere senescence results in superior pro-
liferation control in vitro, with a transcriptional synergy
posited between telomere reverse transcriptase activity
and VEGFA activity.>35 In the PBTC study by Gururangan
et al,?® approximately 80% of all pLGG patients were
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Table3 GRADE Assessment for Reported Outcomes
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Certainty

Overall Quality

Effect Size

Quality Consistency Directness
+1

-1

Type of Evidence

No. of Cohort Studies

Pooled Incidence (95% Cl)

80% (58%-96%)

Outcome

Very low

+1

-1

+2
+2
+2
+2

Radiographic response

Low

+2
+3

+2

+1

57% (43%-71%)

Clinical response

Moderate

+1

+1

-1

-2

8% (2%-17%)

Serious adverse event

Very low

+1

+2

51% (28%-74%)

Progression

Abbreviation: GRADE, Grading of Recommendations, Assessment, Development and Evaluations.

Overall quality score is determined based on the sum of included domains. Type of evidence is based on design of included studies (range, +2 to +4). Study quality reflects blinding and allocation, follow-up and

withdrawals, sparsity of data, and methodological concerns (range, —3 to 0). Consistency is graded based on heterogeneity of included population and study end points with respect to one another (range, —1
to +1). Directness is graded based on generalizability of included results (range, —2 to 0). Effect size is graded based on the overlap of 95% Cl estimates within 10% of either 0% or 100% incidence (range, 0 to 2).

The overall quality of results for each outcome can be considered high (> 4 points), moderate (3 points), low (2 points), or very low (< 1 point).

able to be sustained on bevacizumab therapy for at least
6 months, suggesting such a time frame as a plausible goal
for future studies to investigate.

Strengths and Limitations

By pooling the literature, we have been able to accumu-
late a cohort size sufficient for analysis, which to date has
been a severe limitation in the statistical evaluation of
bevacizumab in the pLGG setting. By limiting the cohort to
pediatric patients and lower-grade tumors only, interstudy
heterogeneity and external validity have been maximized
as much as practically possible.

There are limitations of the current literature that affect
the findings of our study. First, given the mostly retro-
spective nature of the included studies, we cannot com-
pletely disregard intrinsic publication and selection biases
within each study affecting how true our pooled outcomes
are. We recognize that the prospective PBTC study by
Gururangan et al?® separated itself from most studies in
terms of an appreciably lower response on the imaging
rate on therapy, which we posit may be due to their more
stringent definition of response and ability to monitor re-
sponse in a prospective fashion. Therefore, there is a pos-
sibility that the outcomes rates may be underestimated
in the current retrospective literature, and only more pro-
spective studies in the future will be able to validate this
concern without quantitatively pooling alongside retro-
spective metadata.

Next, because of the limitations of retrospective data,
clinical heterogeneity between the studies is another im-
portant consideration. These studies included multiple
pathologic entities encompassed under the umbrella of
“pLGG,” tumor predisposition syndromes, tumor loca-
tions, and follow-up intervals, all of which may have influ-
enced the reported clinical and imaging outcomes of this
study. In addition, the duration of bevacizumab therapy
was patient dependent and institution dependent in all in-
cluded studies, which severely limits the accuracy of the
reported outcomes and the generalizability of the current
literature. Therefore, the greater certainty in the adverse
events outcome compared to response outcomes should
be taken into consideration when considering applying
these results to practice.

The incidence of multimodal chemotherapy could
have also affected the clinical results to an uncertain de-
gree. For instance, chemotherapy-induced proteinuria
is greater when bevacizumab is combined with another
chemotherapy agent.5® Until a more standardized reg-
imen is tested in trial, it is unclear how the short-term
and long-term efficacy of bevacizumab are modulated
by time and use with another agent. Additionally, as
we continue to broaden our understanding of molec-
ular and biologic markers of different pLGG types, it
is not improbable that bevacizumab may be shown to
confer more persistent efficacy in a subgroup yet to be
identified.5:56

Response and follow-up data are currently lacking in
the literature. More robust analysis in the future of dif-
ferent response strata on imaging will assist us in un-
derstanding what constitutes a therapeutically relevant



response because the required granularity in response
thresholds to do so is lacking because of low statistical
power in the small cohorts to date. Details regarding clin-
ical symptom outcomes can also be enhanced—vision
outcomes could summarize numerical measures of visual
field and acuity, and neurological outcomes were not uni-
formly commented on in the current literature but would
provide an additional dimension for clinicians in the fu-
ture to consider. However, this should be pursued with
caution because clinical assessment in particularly young
children may not generate the most reproducible data
given highly variable abilities to follow commands in that
age group. Finally, longer-term surveillance of these pa-
tients with robust molecular workup will facilitate greater
understanding of off-therapy outcomes, primarily that of
time to and true incidence of progression as well as the
duration of benefits this therapy confers in various pLGG
types once treatment is ceased. Other parameters as pre-
viously mentioned, such as quality of life and cognition,
may prove the difference in advocating for bevacizumab
therapy for pLGG given the relatively high progression
rate off therapy.

I
Conclusion

Bevacizumab has the potential to demonstrate imaging
and clinical responses in 3 in 5 and 4 in 5 patients while
on treatment, respectively, whereas 1 in 10 patients are es-
timated to experience grade 3 or higher toxicity. Despite
these encouraging findings, it appears that 1 in 2 patients
will progress following cessation of bevacizumab within
the first year off therapy, limiting its utility as a long-term
treatment using current dosing regimens based on the cur-
rent metadata. The use of bevacizumab in the context of
progressive pLGG requires a higher degree of clinical and
temporal granularity before any recommendations can be
made because of the high degree of variance in current re-
ported management.

|
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Supplementary material is available online at Neuro-
Oncology (http://neuro-oncology.oxfordjournals.org/).
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