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Abstract  56 

Background: We conducted an integrated analysis of clinical data to describe long-57 

term effects of bevacizumab on growth and bone development in pediatric and 58 

adolescent patients with solid tumors.  59 

Procedure: Clinical data were pooled from five phase I/II trials of bevacizumab 60 

versus chemotherapy: BERNIE, HERBY, and AVF4117s enrolled newly diagnosed 61 

patients, AVF3842s and AVF2771s enrolled patients with relapsed/refractory 62 

disease. Height, weight, body mass index (BMI), and bone-age data were pooled by 63 

treatment group. Growth charts were used to track and monitor growth in relation to 64 

a reference population of healthy children. Bone age was measured based on X-ray 65 

of the left hand and wrist. Analyses were exploratory/descriptive. 66 

Results: Overall, 268 patients received bevacizumab ± chemotherapy and 135 67 

received chemotherapy alone. Baseline characteristics were generally balanced. 68 

Median duration of long-term follow-up was 41.8 months (range, 2.4–75.1) with 69 

bevacizumab and 22.9 months (range, 2.8–69.2) with chemotherapy alone. Patients 70 

had age-appropriate baseline height and weight. Mean height and weight percentiles 71 

decreased over time in both treatment groups, but remained within the normal range 72 

(height: mean standard deviation score [SDS] range -2 to +3; weight: mean SDS 73 

range -2 to +1). Similar trends were seen in BMI. A tendency for reduced growth 74 

velocity relative to the reference population was observed at 6 months and 1 year in 75 

both groups, but there was no additional decrease for patients receiving 76 

bevacizumab.  77 

Conclusion: Bevacizumab did not appear to have additional negative effects on 78 

growth or development of pediatric and adolescent patients with solid tumors.  79 



1  |  INTRODUCTION 80 

The anti-vascular endothelial growth factor (VEGF) antibody, bevacizumab, is 81 

approved for use in combination with chemotherapy in a number of adult tumors and 82 

has a well-established safety profile in adults.1,2 However, there are limited data on 83 

the effects of bevacizumab in pediatric and adolescent patients with cancer.  84 

A correlation between high serum VEGF levels and adverse prognostic 85 

outcome has been reported in several preclinical and pilot studies in pediatric 86 

neuroblastoma, osteosarcoma, Ewing sarcoma, Wilms tumor, and 87 

rhabdomyosarcoma,3–9 suggesting that anti-VEGF agents may be a useful 88 

therapeutic approach in these patients. However, in two phase II trials, the addition 89 

of bevacizumab to standard therapy for children and adolescents with untreated 90 

metastatic soft tissue sarcoma10 or osteosarcoma11 did not significantly improve 91 

event-free survival (EFS); its safety profile was consistent with the known safety 92 

profile in adults. Similarly, in a phase II trial in pediatric patients with newly diagnosed 93 

high-grade glioma, the addition of bevacizumab to radiotherapy-temozolomide failed 94 

to prolong EFS.12 Sustained disease control was, however, reported with 95 

bevacizumab and irinotecan in children with recurrent low-grade gliomas in an earlier 96 

phase II study.13 97 

Angiogenesis and VEGF play a key role in bone growth and development.14,15 98 

Abnormalities in growth plates have been identified in animals treated with anti-99 

VEGF agents, including bevacizumab.16,17 In juvenile cynomolgus monkeys with 100 

open growth plates, severe physeal dysplasia was observed following bevacizumab 101 

treatment at up to 20 times the recommended human dose.18 Pregnant rabbits 102 

dosed with up to 12 times the human bevacizumab dose during gestation displayed 103 

reduced or irregular ossification in the skull, jaw, spine, ribs, and tibia, as well as 104 



decreased maternal and fetal body weight.18 In addition, in a combined analysis of 105 

children with refractory cancer receiving antiangiogenic therapies in six phase I trials, 106 

a small but relevant proportion of patients (9.4%) experienced growth plate 107 

abnormalities, though none were receiving bevacizumab.19 108 

Since little is known about the long-term effects of bevacizumab on growth and 109 

bone development in pediatric cancer patients, we conducted an integrated analysis 110 

of clinical trial data to describe these effects in children and adolescents with solid 111 

tumors.  112 

 113 

2  |  METHODS 114 

2.1  |  Study design 115 

As part of a post-marketing commitment, data were pooled for patients aged <18 116 

years who received at least one dose of bevacizumab in one of five phase I/II clinical 117 

studies: two randomized, controlled, Roche-sponsored international studies 118 

(BERNIE [NCT00643565]10 and HERBY [NCT01390948]12), two National Cancer 119 

Institute (NCI)-sponsored studies (AVF3842s [NCT00381797]13 and AVF2771s 120 

[NCT00085111]20), and a single-arm, investigator-sponsored trial (AVF4117s 121 

[NCT00667342]11,21; Table 1). BERNIE, HERBY, and AVF4117s were conducted in 122 

newly diagnosed patients with solid tumors, while the NCI-sponsored studies 123 

enrolled patients with relapsed or refractory disease. Study designs and 124 

methodology have been published.10–13,20,21 125 

Although tumor type, duration of treatment, and study design differed, the 126 

parameters assessed in each of the studies were deemed relevant for this analysis. 127 

For parameters that were assessed in more than one study, data were pooled to 128 



increase patient numbers and provide a more meaningful analysis; data were not 129 

pooled for bevacizumab exposure or parental height as data points were scarce.  130 

The study protocols were approved by applicable ethics committees and 131 

institutional review boards, and the studies were conducted in accordance with the 132 

Declaration of Helsinki and Good Clinical Practice. Written informed consent was 133 

obtained from parents, patient, or legally acceptable representative prior to any 134 

study-related procedures. 135 

 136 

2.2  |  Growth and development 137 

Height and body weight data were collected in all five studies. Epiphyseal maturation 138 

and bone age were assessed by a radiologist based on X-ray of the left hand and 139 

wrist using the Greulich-Pyle method22; these measurements were required in 140 

BERNIE, HERBY, and AVF2771s.  141 

Growth charts were used to track a patient’s growth over time and to monitor 142 

their growth in relation to a reference population of healthy children. World Health 143 

Organization growth standards23 (patients <2 years) and Centers for Disease Control 144 

growth reference values24 (patients ≥2 to 20 years) were used as reference values. A 145 

patient’s percentile on the growth chart indicated the percentage of the reference 146 

population that their value equalled or did not reach for a given growth parameter. A 147 

patient’s standard deviation score (SDS) indicated to what extent their value 148 

deviated from the median of the reference population. 149 

The integrated, descriptive analyses of growth and development included a 150 

number of parameters. Height, weight, and body mass index (BMI) were measured 151 

versus chronological age. Bone age versus chronological age was assessed before, 152 

during, and after treatment, including follow-up. Growth velocity in cm/year was 153 



derived as: (height at time t2–height at time t1)/(time between measurements), where 154 

time between measurements had to be ≥6 months. All growth and development 155 

parameters were assessed separately in males and females from baseline to 6, 12, 156 

24, and 36 months. 157 

Due to the small number of patients with available parental height 158 

measurements, prediction methods that require these measurements could not be 159 

used for the pooled analysis of genetic growth potential. The Bayley-Pinneau 160 

method25 was therefore used, which is based on bone-age assessment derived from 161 

the Greulich-Pyle method22 that compares X-rays of the left hand and wrist with atlas 162 

standards. The assessed sex-specific bone age and its deviation from chronological 163 

age is used to predict adult final height by the Bayley-Pinneau method. Bone-age 164 

data collected in this way were pooled from BERNIE, HERBY, and AVF2711s; the 165 

predicted final height at baseline was compared with the predicted final height during 166 

treatment. For those patients with parental height measurements, mid-parental 167 

height (the mean of the patient’s parents’ heights, plus a correction factor for the 168 

patient’s sex: +6.5cm for males, -6.5cm for females) was compared with the 169 

predicted adult final height according to the Bayley-Pinneau height prediction 170 

method.25 171 

 172 

2.3  |  Subgroup analysis 173 

The effect of bevacizumab on growth velocity in the growth hormone-dependent 174 

phase between infant/toddler and pubescent growth periods, when growth velocity is 175 

assumed to be relatively linear, was assessed. Patients aged ≥2 years with a Tanner 176 

stage <2 for breast/genitalia and pubic hair were included. If Tanner stage was not 177 

available for breast/genitalia or pubic hair, and menarchal status (for females) was 178 



missing, females aged ≥2 to <8 years and males aged ≥2 to <9 years were 179 

considered to be Tanner stage 1 and therefore pre-pubertal.26 180 

 181 

2.4  |  Statistical methodology 182 

Analyses were exploratory and descriptive and did not have statistically sufficient 183 

power. For pooled analyses, all patients who received at least one dose of 184 

bevacizumab were assigned to the experimental arm (bevacizumab ± chemotherapy) 185 

and all other patients were assigned to the control arm (chemotherapy alone). The 186 

pooled control arm included only patients from HERBY and BERNIE, as the 187 

remaining studies did not include a control arm. 188 

Due to the different schedules in the individual studies, not all assessments 189 

were performed at the same timepoint. To pool the assessments for analyses over 190 

time, the timepoints were standardized. For all growth assessments except bone 191 

age, the timepoints were standardized to 6-month intervals. Any assessment not 192 

taken at this timepoint was assigned to the nearest standardized timepoint 193 

± 3 months. Baseline was considered the nearest assessment prior to (up to 2 194 

months before or 1 month after) the first study treatment administration. 195 

For bone-age assessments and predicted adult height, timepoints were 196 

standardized to baseline, during treatment, end of treatment, end of treatment plus 1 197 

year, and end of treatment plus 2 years. Baseline was considered the nearest 198 

assessment to (up to 14 days before or 30 days after) the first study treatment 199 

administration. End-of-treatment timepoint varied by patient. If bone age was not 200 

assessed at the end-of-treatment visit, the nearest assessment within 60 days was 201 

used. End of treatment plus 1 year (or 2 years) assessment was taken within ± 3 202 

months of 1 year (or 2 years) after the end-of-treatment visit. 203 



 204 

3  |  RESULTS 205 

3.1  |  Patients 206 

Overall, 268 patients received bevacizumab ± chemotherapy and 135 patients 207 

received chemotherapy alone. Baseline characteristics were generally balanced 208 

between the two groups, but the bevacizumab group had fewer adolescents than the 209 

chemotherapy group and therefore the median height was significantly lower in the 210 

bevacizumab group (although correction for multiple testing would make this 211 

difference non-significant; Table 2). Median baseline age was 10.1 years (range, 1–212 

18) in the bevacizumab ± chemotherapy group and 11.0 years (range, 1–17) in the 213 

chemotherapy-alone group. The largest proportion of patients was in the growth 214 

hormone-dependent phase between infant/toddler and pubescent growth periods 215 

(36.9% [n = 99] bevacizumab vs. 37.0% [n = 50] chemotherapy).  216 

 217 

3.2  |  Previous and concomitant conditions 218 

Considerably more patients in the bevacizumab ± chemotherapy group (60.1% 219 

[n = 161]) than in the chemotherapy-alone group (22.2% [n = 30]) had a previous or 220 

concomitant disease known to affect growth and fertility (Supplementary Table S1). 221 

This was driven by a higher proportion of patients with events in the system organ 222 

class ‘neoplasms benign, malignant and unspecified’ (51.5% [n = 138] bevacizumab 223 

vs. 2.2% [n = 3] chemotherapy) and in the preferred term ‘neurofibromatosis’ (22.4% 224 

[n = 60] bevacizumab vs. 1.5% [n = 2] chemotherapy), which can lead to delayed or 225 

early puberty, and small stature.27 The higher incidence of recorded ‘previous or 226 

concurrent neoplasms’ in the bevacizumab ± chemotherapy group is most likely 227 

explained by the fact that a large proportion of these patients (37.3% [n = 100]) came 228 



from studies AVF2771s and AVF3842s, which enrolled patients with refractory or 229 

recurrent disease, whereas all patients in the chemotherapy-alone group came from 230 

BERNIE and HERBY, which included patients with newly diagnosed disease. The 231 

higher incidence of neurofibromatosis in the bevacizumab ± chemotherapy group is 232 

due to the fact that 58/60 patients enrolled in study AVF3842s had 233 

neurofibromatosis. This study only included a bevacizumab arm and was restricted 234 

to patients with refractory or recurrent low-grade glioma. There was also a higher 235 

incidence of craniospinal irradiation in the bevacizumab ± chemotherapy group 236 

(19.8% [n = 53]) versus the chemotherapy-alone group (0%), which was driven by 237 

the high frequency of previous/concomitant radiation in patients with recurrent or 238 

refractory gliomas in study AVF3842s. 239 

Most patients had received at least one previous or concomitant medication 240 

known to affect growth, other than corticosteroids (most frequently chemotherapy): 241 

67.2% (n = 180) in the bevacizumab group and 62.2% (n = 84) in the chemotherapy 242 

group (Supplementary Table S2). The majority of patients had also received at least 243 

one previous or concomitant corticosteroid, but the proportion was lower among 244 

patients receiving bevacizumab (68.7% [n = 184]) versus chemotherapy alone 245 

(82.2% [n = 111]). Most patients who received corticosteroids took them for more 246 

than 7 consecutive days (41.4% [n = 111] bevacizumab vs. 54.8% [n = 74] 247 

chemotherapy).  248 

 249 

3.3  |  Treatment exposure 250 

The number of bevacizumab administrations per patient, as well as the average 251 

dose per administration, differed across the five studies in line with exposures 252 

planned in the individual protocols. The mean number of bevacizumab 253 



administrations per patient ranged from 5.6 to 19.9 in the individual studies, and the 254 

dose of bevacizumab across the studies ranged from 5 to 15 mg/kg every 2 or 3 255 

weeks (Table 1). The median duration of long-term follow-up from enrollment across 256 

the studies was 3.5 years (range, 0.2–6.3) in the bevacizumab ± chemotherapy 257 

group and 1.9 years (range, 0.2–5.8) in the chemotherapy-alone group. 258 

 259 

3.4  |  Height, weight, and BMI 260 

At baseline, children in both treatment groups had age-appropriate height and 261 

weight, which was similar to the reference population (i.e., the mean SDS was close 262 

to 0): mean SDS for height: -0.01 bevacizumab, +0.15 chemotherapy; mean SDS for 263 

weight: +0.33 bevacizumab, +0.18 chemotherapy. Mean height and weight 264 

percentiles generally decreased over time, more so for the chemotherapy-alone 265 

group (Fig. 1) and, although lower than the reference population, remained within the 266 

normal range at all timepoints: mean SDS for height ranging from -2 to +3; mean 267 

SDS for weight ranging from -2 to +1.22 Similar trends were seen in BMI over time.  268 

 269 

3.5  |  Bone age 270 

Bone-age assessments were pooled from studies with available data (BERNIE, 271 

HERBY, and AVF2771s) at baseline (n = 231), end of treatment (n = 68), end of 272 

treatment plus 1 year (n = 27), and end of treatment plus 2 years (n = 10), as the 273 

treatment duration of the individual studies differed. There was no indication of any 274 

difference in bone age compared with chronological age in patients receiving 275 

bevacizumab ± chemotherapy versus chemotherapy alone, regardless of age 276 

(Fig. 2). In both treatment groups, bone age for the majority of patients was within 277 

the normal range (± 1 year) at all timepoints. 278 



 279 

3.6  |  Growth velocity 280 

A tendency for reduced growth velocity relative to the reference population was 281 

observed at 6 months and 1 year in both treatment groups (when most patients were 282 

receiving study treatment) in females (Fig. 3) and males (Fig. 4). No clear growth 283 

spurt was observed in the pre-pubertal period. Regardless of age, sex, and 284 

timepoint, there was no indication of an additional decrease in growth velocity for 285 

patients receiving bevacizumab alone or in combination with chemotherapy 286 

compared with those receiving chemotherapy alone. Caution should be used in the 287 

interpretation of the results due to the limited patient numbers at later timepoints: 288 

6 months (n = 166 males, n = 136 females), 1 year (n = 113 males, n = 92 females), 289 

2 years (n = 39 males, n = 38 females), 3 years (n = 25 males, n = 22 females).  290 

 291 

3.7  |  Subgroup analysis 292 

The analyses of growth and development were performed in the HERBY and 293 

BERNIE randomized studies separately, and the results were consistent with the 294 

pooled analysis (data not shown).  295 

Analyses of height (Supplementary Fig. S1), bone age (Supplementary Fig. 296 

S2), and growth velocity (Supplementary Fig. S3 and S4) were conducted in patients 297 

in the growth hormone-dependent phase (females ≥2 to <8 years, males ≥2 to <9 298 

years). Results were consistent with the overall patient population, with no 299 

indications of additional negative effects for patients receiving bevacizumab ± 300 

chemotherapy versus chemotherapy alone. 301 

 302 

3.8  |  Genetic growth potential 303 



Genetic growth potential was assessed using data from HERBY, in which the 304 

collection of parental height was included by a protocol amendment. Genetic growth 305 

potentials were similar between patients with available data receiving bevacizumab ± 306 

chemotherapy (n = 7) and chemotherapy alone (n = 4). Patients’ genetic growth 307 

potentials were compared with their predicted adult heights according to Bayley-308 

Pinneau.22,25 Due to the limited data, no conclusions could be made regarding the 309 

difference between patients’ genetic growth potentials and their predicted adult 310 

heights over the course of the study. However, in both treatment arms, patients’ 311 

predicted median adult heights at baseline were already higher than their genetic 312 

growth potentials, which could indicate that the method of prediction overestimated 313 

actual genetic growth potentials. 314 

 315 

4  |  DISCUSSION 316 

Our analysis investigated the effects of bevacizumab on long-term growth and bone 317 

development in pediatric and adolescent patients with cancer, with median duration 318 

of follow-up in patients receiving bevacizumab of 3.5 years. Although lower than the 319 

reference population, height, weight, BMI, and bone age for both treatment groups 320 

remained within the normal range at all timepoints. Given the poor clinical status of 321 

the patients, it was to be expected that their height, weight, and BMI would be lower 322 

than the reference population. Growth velocity was also lower than in the reference 323 

population in both sexes. Importantly, however, there was no differentiation between 324 

patients who received bevacizumab ± chemotherapy or those who received 325 

chemotherapy alone. These results were consistent for patients in the growth 326 

hormone-dependent phase and in patients with longer-term follow-up. The small 327 



difference in median baseline height between the two patient groups was not 328 

expected to have influenced the results.  329 

Growth, bone development, and epiphyseal maturation are of concern in 330 

pediatric patients receiving antiangiogenic agents such as bevacizumab.19 However, 331 

few publications have reported safety data on the use of bevacizumab in children 332 

and adolescents.13,19,20,28–31 Growth plate abnormalities were evaluated in a 333 

combined analysis of six phase I trials in children with different tumors evaluating 334 

new antiangiogenic therapies. While most patients had no evidence of growth plate 335 

toxicity, five patients (9.4%) had epiphyseal abnormalities.19 One of the five patients 336 

also experienced progressive epiphyseal widening. However, this patient met height 337 

expectations following cessation of the antiangiogenic therapy, and the cartilage 338 

magnetic resonance imaging sequences resolved, suggesting that epiphyseal 339 

changes may be reversible. 340 

We experienced a number of difficulties with data collection and method 341 

standardization. Protocol amendments were put in place during BERNIE, HERBY, 342 

and AVF2771s to ensure sufficient growth and development measurements would 343 

be collected, and investigators were prompted to complete protocol-mandated 344 

assessments. Despite these efforts, a number of growth and height measurements 345 

were incomplete. The intensity of the treatment, and the poor performance status or 346 

early progression of the patients, meant that these measurements were not 347 

consistently collected at baseline or follow-up. Although some data points were 348 

available up to 66 months, beyond 36 months the patient numbers became very 349 

small, therefore limiting the conclusions that could be drawn. 350 

Ideally, genetic potential should be compared with actual results to check for 351 

diminished growth in pediatric patients. However, parental height data were not 352 



collected in four of the studies and it was not deemed feasible to do this analysis 353 

retrospectively. Following a protocol amendment, these data were limited to patients 354 

randomized late in HERBY and to those surviving and consenting at the time of the 355 

amendment. Furthermore, bone-age measurements were not consistently collected 356 

at baseline or at follow-up in BERNIE and HERBY, meaning that critical data points 357 

were missing. Where feasible, retrospective bone-age X-rays were collected for 358 

surviving patients, but there was no central review of these data. Given the limited 359 

control regarding data collection in studies AVF2771s, AVF3842s, and AVF4117s, it 360 

is unknown whether a stadiometer was used consistently for height measurement in 361 

all patients. It is assumed that individual patient height was consistently assessed 362 

during each study, which enabled an assessment of deviations over time. 363 

This integrated analysis has some limitations, in that not all of the studies were 364 

randomized, and the different protocols were not designed to collect data for the 365 

same growth and development endpoints. As this was a retrospective evaluation of 366 

the databases of five individual studies, data cleaning was not possible for the data 367 

set as a whole. 368 

In summary, the large cohort of more than 400 pediatric and adolescent 369 

patients enabled a good assessment of the long-term effects of bevacizumab, 370 

although sample sizes were smaller at later timepoints as many of the patients did 371 

not survive to contribute follow-up data.  372 

 373 

5  |  CONCLUSION 374 

Acknowledging the limitations of this analysis, we found no apparent negative effects 375 

of bevacizumab on growth and development in pediatric and adolescent patients 376 



who received bevacizumab ± chemotherapy compared with those who received 377 

chemotherapy alone. 378 

  379 



ACKNOWLEDGMENTS 380 

The authors acknowledge the patients and their families who participated in this 381 

study, and the investigators and their study staff. Third-party medical writing support, 382 

under the direction of the authors, was provided by Fiona Fernando, PhD, of 383 

Gardiner-Caldwell Communications, and was funded by F. Hoffmann-La Roche Ltd. 384 

 385 

CONFLICT OF INTEREST STATEMENT 386 

H.L.M. has received travel, accommodation, or expenses from Ipsen Pharma. J.G. 387 

has received honoraria, research funding, and travel, accommodation, or expenses 388 

from Roche, Novartis, and Bristol-Myers Squibb; and has acted in a consulting or 389 

advisory role to Roche, Novartis, and Bristol-Myers Squibb. D.H. has received 390 

honoraria from AstraZeneca, Bayer, Boehringher Ingelheim, GlaxoSmithKline, 391 

Merck, Novartis, and Roche; acted in a consulting or advisory role to AbbVie, 392 

AstraZeneca, Bayer, Boehringher Ingelheim, Bristol-Myers Squibb, Celgene, 393 

GlaxoSmithKline, Merck, Novartis, Pfizer, and Roche; received research funding 394 

from AstraZeneca; and received travel, accommodation, or expenses from 395 

AstraZeneca, Bayer, Boehringher Ingelheim, Bristol-Myers Squibb, GlaxoSmithKline, 396 

Novartis, and Roche. J.G.B. has received research funding from Amgen, Bristol-397 

Myers Squibb, Celgene, Eisai, Ignyta, Lilly, Merck, Novartis, and Pfizer. S.G. has 398 

received honoraria from Celgene Corporation and BioMarin Pharmaceuticals; acted 399 

in a consulting or advisory role to Celgene Corporation and BioMarin 400 

Pharmaceuticals; and received research funding and travel, accommodation, or 401 

expenses from Celgene Corporation and Bristol-Myers Squibb. M.J. is employed by 402 

Genentech Inc.; owns stock in Roche; and has received travel, accommodation, or 403 

expenses from Genentech Inc. J.B. is employed by F. Hoffman La-Roche Ltd. 404 



M.C.E. is employed by F. Hoffman La-Roche Ltd and owns stock in Roche. S.F.-R. 405 

is employed by F. Hoffman La-Roche Ltd.; owns stock in Roche; and has received 406 

travel, accommodation, or expenses from Roche. J.H.M.M., B.G., and F.N. have no 407 

conflicts of interest to disclose. 408 

  409 



REFERENCES 410 

1. Cohen MH, Shen YL, Keegan P, Pazdur R. FDA drug approval summary: 411 

bevacizumab (Avastin) as treatment of recurrent glioblastoma multiforme. 412 

Oncologist 2009;14(11):1131-1138. 413 

2. Friedman HS, Prados MD, Wen PY, et al. Bevacizumab alone and in 414 

combination with irinotecan in recurrent glioblastoma. J Clin Oncol 415 

2009;27(28):4733-4740. 416 

3. Tabone MD, Landman-Parker J, Arcil B, et al. Are basic fibroblast growth 417 

factor and vascular endothelial growth factor prognostic indicators in pediatric 418 

patients with malignant solid tumors? Clin Cancer Res 2001;7(3):538-543. 419 

4. Blann AD, Li JL, Li C, Kumar S. Increased serum VEGF in 13 children with 420 

Wilms’ tumour falls after surgery but rising levels predict poor prognosis. 421 

Cancer Lett 2001;173(2):183-186.  422 

5. Eggert A, Ikegaki N, Kwiatkowski J, Zhao H, Brodeur GM, Himelstein BP. 423 

High-level expression of angiogenic factors is associated with advanced 424 

tumor stage in human neuroblastomas. Clin Cancer Res 2000;6(5): 425 

1900-1908.  426 

6. Fuchs B, Inwards CY, Janknecht R. Vascular endothelial growth factor 427 

expression is up-regulated by EWS-ETS oncoproteins and Sp1 and may 428 

represent an independent predictor of survival in Ewing’s sarcoma. Clin 429 

Cancer Res 2004;10(4):1344-1353.  430 

7. Guan H, Zhou Z, Wang H, Jia SF, Liu W, Kleinerman ES. A small interfering 431 

RNA targeting vascular endothelial growth factor inhibits Ewing’s sarcoma 432 

growth in a xenograft mouse model. Clin Cancer Res 2005;11(7):2662-2669.  433 



8. Ghanem MA, van Steenbrugge GJ, Sudaryo MK, Mathoera RB, Nijman JM, 434 

van der Kwast TH. Expression and prognostic relevance of vascular 435 

endothelial growth factor (VEGF) and its receptor (FLT-1) in nephroblastoma. 436 

J Clin Pathol 2003;56(2):107-113.  437 

9. Zhou Z, Reddy K, Guan H, Kleinerman ES. VEGF(165), but not VEGF(189), 438 

stimulates vasculogenesis and bone marrow cell migration into Ewing’s 439 

sarcoma tumors in vivo. Mol Cancer Res 2007;5(11):1125-1132.  440 

10. Chisholm JC, Merks JHM, Casanova M, et al. European paediatric Soft tissue 441 

sarcoma Study Group (EpSSG) and the European Innovative Therapies for 442 

Children with Cancer (ITCC) Consortium. Open-label, multicentre, 443 

randomised, phase II study of the EpSSG and the ITCC evaluating the 444 

addition of bevacizumab to chemotherapy in childhood and adolescent 445 

patients with metastatic soft tissue sarcoma (the BERNIE study). Eur J 446 

Cancer 2017;83:177-184. 447 

11. Navid F, Santana VM, Neel M, et al. A phase II trial evaluating the feasibility 448 

of adding bevacizumab to standard osteosarcoma therapy. Int J Cancer 449 

2017;141(7):1469-1477. 450 

12. Grill J, Massimino M, Bouffet E, et al. A phase II, open-label, randomised, 451 

multicentre trial (HERBY) of bevacizumab in paediatric patients with newly 452 

diagnosed high-grade glioma. J Clin Oncol 2018;36(10):951-958. 453 

13. Gururangan S, Fangusaro J, Poussaint TY, et al. Efficacy of bevacizumab 454 

plus irinotecan in children with recurrent low-grade gliomas—a Pediatric Brain 455 

Tumor Consortium study. Neuro Oncol 2014;16(2):310-317. 456 

14. Sivaraj KK, Adams RH. Blood vessel formation and function in bone. 457 

Development 2016;143(15):2706-2715. 458 



15. Gerber HP, Ferrara N. Angiogenesis and bone growth. Trends Cardiovasc 459 

Med 2000;10(5):223-228. 460 

16. Ryan AM, Eppler DB, Hagler KE, et al. Preclinical safety evaluation of 461 

rhuMAbVEGF, an antiangiogenic humanized monoclonal antibody. Toxicol 462 

Pathol 1999;27(1):78-86.  463 

17. Patyna S, Arrigoni C, Terron A, et al. Nonclinical safety evaluation of sunitinib: 464 

a potent inhibitor of VEGF, PDGF, KIT, FLT3, and RET receptors. Toxicol 465 

Pathol 2008;36(7):905-916. 466 

18. Genentech Inc. Avastin® (bevacizumab) prescribing information. 2009. 467 

Available at: 468 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/125085s0169lbl.469 

pdf. 470 

19. Voss SD, Glade-Bender J, Spunt SL, et al. Growth plate abnormalities in 471 

pediatric cancer patients undergoing phase 1 anti-angiogenic therapy: a 472 

report from the Children's Oncology Group Phase I Consortium. Pediatr Blood 473 

Cancer 2015;62(1):45-51.  474 

20. Glade Bender JL, Adamson PC, Reid JM, et al. Children's Oncology Group 475 

Study. Phase I trial and pharmacokinetic study of bevacizumab in pediatric 476 

patients with refractory solid tumors: a Children’s Oncology Group study. J 477 

Clin Oncol 2008;26(3):399-405.  478 

21. Turner DC, Navid F, Daw NC, et al. Population pharmacokinetics of 479 

bevacizumab in children with osteosarcoma: implications for dosing. Clin 480 

Cancer Res 2014;20(10):2783-2792. 481 

22. Greulich WW, Pyle SI. Radiographic atlas of skeletal development of the hand 482 

and wrist. 2nd ed. Stanford: Stanford University Press; 1959. 483 



23. The World Health Organization Multicentre Growth Reference Study (MGRS). 484 

WHO Child Growth Standards. Available at: 485 

http://www.who.int/childgrowth/mgrs/en/. 486 

24. Centers for Disease Control and Prevention Growth Charts. Percentile Data 487 

Files with LMS Values. Available at: 488 

https://www.cdc.gov/growthcharts/percentile_data_files.htm. 489 

25. Bayley N, Pinneau SR. Tables for predicting adult height from skeletal age: 490 

revised for use with the Greulich-Pyle hand standards. J Pediatr 491 

1952;40(4):423-441.  492 

26. Berberoğlu M. Precocious puberty and normal variant puberty: definition, 493 

etiology, diagnosis and current management. J Clin Res Pediatr 494 

2009;1(4):164-174. 495 

27. Virdis R, Street ME, Bandello MA, et al. Growth and pubertal disorders in 496 

neurofibromatosis type 1. J Pediatr Endocrinol Metab 2003;16(Suppl 2):289-497 

292.  498 

28. Fangusaro J, Gururangan S, Poussaint TY, et al. Bevacizumab (BVZ)-499 

associated toxicities in children with recurrent central nervous system tumors 500 

treated with BVZ and irinotecan (CPT-11): a Pediatric Brain Tumor 501 

Consortium study (PBTC-022). Cancer 2013;119(23):4180-4187.  502 

29. Reismüller B, Azizi AA, Peyrl A, et al. Feasibility and tolerability of 503 

bevacizumab in children with primary CNS tumors. Pediatr Blood Cancer 504 

2010;54(5):681-686.  505 

30. Millan NC, Poveda MJ, Cruz O, Mora J. Safety of bevacizumab in patients 506 

younger than 4 years of age. Clin Transl Oncol 2016;18(5):464-468. 507 



31. DE Pasquale MD, de Ville de Goyet J, Monti L, Grimaldi C, Crocoli A, 508 

Castellano A. Bevacizumab combined with chemotherapy in children affected 509 

by hepatocellular carcinoma: a single-center experience. Anticancer Res 510 

2017;37(3):1489-1493.  511 

 512 

  513 



FIGURE LEGENDS 514 

 515 

FIGURE 1 Standard deviation score (SDS) for patient height over time for 516 

(A) bevacizumab ± chemotherapy and (B) chemotherapy alone, and patient weight 517 

over time for (C) bevacizumab ± chemotherapy and (D) chemotherapy alone.  518 

Dashed lines represent the median height and weight of the reference population. 519 

Approximately 95% of the reference population would be expected to have a SDS 520 

between -2 and 2. Blue dots indicate the median for the patient population while the 521 

whiskers indicate the range of the data. BL, baseline 522 

 523 

FIGURE 2 Bone age versus chronological age at (A) baseline, and (B) end of 524 

treatment plus 1 year. The identity line shows where bone age equals chronological 525 

age 526 

 527 

FIGURE 3 Scatter plot of growth velocity in female patients at various times post-528 

baseline: (A) 6 months, (B) 1 year, (C) 2 years, and (D) 3 years. Solid curves 529 

represent growth velocity of the reference population. Non-linearity of the curves is 530 

for technical reasons or due to the change in reference standard 531 

 532 

FIGURE 4 Scatter plot of growth velocity in male patients at various times post-533 

baseline: (A) 6 months, (B) 1 year, (C) 2 years, and (D) 3 years. Solid curves 534 

represent growth velocity of the reference population. Non-linearity of the curves is 535 

for technical reasons or due to the change in reference standard 536 

 537 


