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Abstract 
 
Purpose: Patients with von Hippel-Lindau (VHL) disease are at risk to develop benign and 
malignant vascular tumors. Local vascular endothelial growth factor (VEGF)-A production is 
supposed to play an important role in development of disease manifestations and is a 
treatment target for antiangiogenic therapy. The monoclonal antibody bevacizumab binds 
VEGF-A. We aimed to assess whether VHL-associated lesions can be visualized with 89Zr-
bevacizumab positron emission tomography (PET) and to explore whether 89Zr-bevacizumab 
PET can differentiate progressive lesions from non-progressive lesions.  
Methods: Adult VHL patients with ≥ 1 measurable hemangioblastoma were eligible. 89Zr-
bevacizumab, 37 MBq, was injected 4 days before the PET scan. Maximum standardized 
uptake values (SUVmax) were calculated. PET scans were fused with routine MRI of the 
central nervous system and abdominal MRI or CT. Progressive lesions were defined as new 
lesions, lesions that became symptomatic and lesions ≥ 10 mm that increased ≥ 10% and ≥ 4 
mm on repeat anatomic imaging within 12 months.  
Results: Twenty-two patients were enrolled. 89Zr-bevacizumab PET visualized 59 VHL 
manifestations, 0-17 per patient, with a median SUVmax of 8.5 (range 1.3 – 35.8). Detection 
rate for lesions ≥ 10 mm was 30.8%. Seven additional hotspots without substrate on 
baseline anatomic imaging were found, 2 were also detected with anatomic imaging during 
follow-up. Nine out of 25 progressive lesions were visible on PET (SUVmax 0.9-8.9). 
Conclusion: VHL lesions can be visualized with 89Zr-bevacizumab PET with a striking 
heterogeneity in tracer accumulation. 89Zr-bevacizumab uptake does not predict 
progression within 12 months. 
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Introduction  
 
Von Hippel-Lindau (VHL) disease is an autosomal dominant inherited tumor syndrome 
caused by an inactivating germ line mutation in the VHL gene, located on chromosome 
3p25. The estimated prevalence is 2-3 per 100,000 persons.1,2 Inactivation or loss of the 
wild type VHL allele results in disease manifestations. Lack of functional VHL protein (pVHL) 
induces intracellular accumulation of the transcription factor hypoxia inducible factor 1 
alpha (HIF1α) which activates cellular survival strategies for hypoxic circumstances. This 
leads to switching on angiogenesis via production of pro-angiogenic growth factors 
including vascular endothelial growth factor A (VEGF-A). VHL disease manifestations consist 
of hemangioblastomas of the central nervous system (CNS), retinal angiomas, renal cell 
carcinomas (RCC), pancreatic neuroendocrine tumors (pNET), pheochromocytomas, 
endolymphatic sac tumors of the middle ear, and cysts in kidneys, pancreas, epididymis and 
broad ligament. VHL mutation carriers often develop multiple disease manifestations that 
can severely affect quality of life. Moreover, VHL patients have a shorter life expectancy 
compared to the general population, with metastatic RCC as the leading cause of death.3,4  
Guidelines for screening and surveillance of existing lesions advice frequent imaging, ocular 
examination, and blood and urine examination.5,6 There is however currently no tool that 
predicts the behavior of a disease manifestation. Hemangioblastomas are often dormant for 
years but can suddenly start growing.7   
Local concentrations of the key growth factor VEGF-A in VHL, may provide predictive 
information on biological behavior of VHL-associated lesions and provide information on 
the presence of a drug target. We developed the positron emission tomography (PET) tracer 
89Zr-bevacizumab that binds VEGF-A and enables noninvasive whole body imaging and 
quantification. In patients with sporadic metastatic RCC, 89Zr-bevacizumab PET visualized 
tumor lesions including brain metastases, illustrating that the radioactive tracer can cross 
the blood brain barrier.8  
The aim of the present feasibility study was to assess whether VHL-associated lesions can be 
visualized with 89Zr-bevacizumab PET and whether 89Zr-bevacizumab PET can differentiate 
progressive lesions from non-progressive lesions.  

 

Materials & Methods 
 
Patients 
Eligibility criteria included genetically proven VHL disease or clinically proven VHL5 with a 1st 
grade family member with genetically confirmed VHL, age ≥ 18 years, participation in a 
surveillance program with routine anatomic imaging5,6 and at least one measurable lesion 
located in the CNS. Pregnant patients were excluded. Treatment for VHL manifestations was 
recorded up to 12 months after 89Zr-bevacizumab PET imaging. The study was approved by 
the institutional review board and registered under http://www.clinicaltrials.gov (identifier: 
NCT00970970). All patients gave written informed consent.  
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89Zr-bevacizumab PET  
Conjugation and labeling of bevacizumab (25 mg/mL, Roche) with 89Zr was performed as 
described earlier.9-11 Whole-body PET imagies were acquired on a Siemens Biograph mCT 
(PET/CT 64 slices) from the upper legs to the head in 6-8 bed positions of 5 minutes 
acquisition time each and a final reconstruction resolution of ~10 mm. The first 3 patients 
underwent PET scans after 1 hr, and 2 and 4 days after the IV administration of 89Zr-
bevacizumab (37 MBq, protein dose of 5 mg). The optimal scan timing with the highest 
lesion-to-background ratio was day 4 (Supplementary Fig 1). The next patients therefore 
underwent PET scanning 4 days after 89Zr-bevacizumab administration. 
 
Standard screening and surveillance 
Patients underwent MRI of the CNS within 6 weeks prior to 89Zr-bevacizumab PET, and 
abdominal CT or MRI 3 months before till 3 months after 89Zr-bevacizumab PET. Follow-up 
anatomic imaging was carried out within 12 months of initial surveillance. MRI scans were 
performed with a 1.5 Tesla scanner in T1 and T2-weighted sequences, with and without 
intravenously (IV) administration of gadolinium-containing contrast agent. The 
reconstruction interval varied between 1 and 5 mm for CNS imaging and between 1.5 and 5 
mm for abdominal imaging. CT scans were performed with a multidetector scanner, before 
and after IV administration of iodine-containing contrast agent and a maximum slice 
thickness of 5.0 mm. CNS and abdominal imaging were centrally reviewed by two 
radiologists (JS, and AHHB). Morphological aspect (cystic, solid, mixed) and maximal lesion 
diameters in transversal planes were recorded.  
 
Imaging analysis 
The 89Zr-bevacizumab PET scans were compared with baseline MRI and/or CT scans in order 
to verify substrate for 89Zr-bevacizumab PET-positive lesions. Tracer uptake was quantified 
in VHL-associated lesions and healthy organs with AMIDE Medical Image Data Examiner 
software (version 0.9.1, Stanford University) by drawing 3D regions of interest.12 Mean and 
maximum standardized uptake values (SUVmean and SUVmax) were calculated for healthy 
organs and VHL manifestations visualized on PET. Given the resolution of 89Zr-bevacizumab 
PET, we did a sub-analysis of lesions ≥ 10 mm. 
For all lesions visualized on baseline CT/MRI except simple renal and pancreatic cysts, 
progression was recorded and compared with 89Zr-bevacizumab PET data. As a definition of 
progression for VHL manifestations and information on variability of measurements on 
repeat imaging is lacking, we took a conservative approach based on variability of lung 
tumor measurements on CT.13 We considered lesions with a longest diameter of ≥ 10 mm 
that increased ≥ 10% and an absolute growth of ≥4 mm progressive, as well as new lesions 
visualized on the follow-up scan and lesions that became symptomatic.  
 
Plasma VEGF-A 
VEGF-A levels were determined in plasma samples obtained immediately before 89Zr-
bevacizumab administration with the Quantikine enzyme-linked immunosorbent assay kit 
(R&D Systems, Minneapolis, MN). Plasma VEGF-A was compared with 89Zr-bevacizumab PET 
results.   
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Statistical analysis  
The primary endpoint was the detection rate of 89Zr-bevacizumab PET for VHL-associated 
lesions. Spearman rank correlations served to calculate correlations. For comparison of 
unpaired data the Mann-Whitney test and for paired data the Wilcoxon signed rank test 
was used. A P value <.05 was considered statistically significant. 
 

     Table 1. Patient characteristics 
 

 Total population (n = 22) 

Characteristic No % 
 

Sex   
   Male 13   59 
   Female   9   41 
Age, years   
   Median             42  
   Range 23 – 66  
Mutation   
   c.-89-?_c.297+?del 10   45 
   c.500G>A       5   23 
   c.509T>A       3   14 
   c.490C>T   1     5 
   c.340+1G>A   1     5 
   c.241C>T   1     5 
   IVS1-59del46 (unclassified variant)   1     5 
History   
   Hemangioblastoma 22 100 
   Retinal angioma 15   68 
   Renal cell carcinoma   8   36 
   Pancreatic NET   5   23 
   Pheochromocytoma   4   18 
Prior treatment  patients (procedures)   
   Craniotomy 12 (28)   55 
   Spinal cord hemangioblastoma embolization   2   (2)     9 
   Retinal laser/cryotherapy 14 (19)   64 
   (Partial) nephrectomy   8 (13)   36 
   Adrenalectomy   4   (7)   18 
   (Partial) pancreatectomy   2   (2)     9 
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Results 

Patient characteristics  
Between November 2009 and April 2012, 22 patients were included, 13 male and 9 female 
patients with a median age of 42 years (range 23-66), for additional patient characteristics 
see Table 1.  
 
Routine anatomic imaging 
In total 311 VHL associated lesions other than simple renal and pancreatic cysts were 
identified on baseline MRI and CT with a median of 7 per patient (range 1-102). In the CNS 
170 lesions were detected, for details see Table 2. In total, 139 lesions were ≥ 10 mm. 
Furthermore, 130 simple cysts ≥ 5 mm were detected in the kidneys (range 0-46 per 
patient) and 126 in the pancreas (range 0-30).  
 
89Zr-bevacizumab PET 
89Zr-bevacizumab PET visualized 59 VHL-associated lesions, median 1 (range 0-17) per 
patient. In Fig 1 arepresentative patient is shown. Location of lesions detected with PET is 
summarized in Table 2. The PET scan demonstrated 7 additional hotspots without substrate 
on anatomic imaging, 3 in the kidney, 1 in the shoulder, 1 in the eye, 1 in the cerebellum 
and 1 in an adrenal gland. The last 2 lesions however, were detected also during follow-up 
on anatomic imaging. The smallest lesion detected on the PET scan was a 
hemangioblastoma measuring 4.0 mm on MRI. Out of 139 VHL manifestations ≥ 10 mm, 44 
(30.8%) were visualized with 89Zr-bevacizumab PET. In Fig 2, SUVmax and the proportion of 
PET positive lesions ≥ 10 mm are shown for the different germline mutations. Of the 59 PET 
positive VHL manifestations, 50 had a solid, 6 a cystic and 2 a mixed appearance on 
anatomic imaging, and 1 lesion could not be classified. No 89Zr-bevacizumab accumulation 
in simple renal and pancreatic cysts was demonstrated; 33 simple renal cysts appeared as 
cold spots. 
Quantification of 89Zr-bevacizumab distribution revealed a strong correlation between 
SUVmax and SUVmean for normal organs (r = .99, P < .01) and VHL lesions (r = .97, P < .01, 
Supplementary Fig 2). SUVmax is less operator dependent and therefore reported. Normal 
organ distribution of 89Zr-bevacizumab was similar as for patients with neuroendocrine 
tumors and as reported for other antibody tracers14,16 representing normal antibody 
distribution with relatively high uptake in the liver and the heart, the latter reflecting the 
blood pool, intermediate uptake in kidney and spleen and low uptake in lung, bone, muscle 
and brain (Fig 3A).  Median SUVmax of VHL manifestations was 8.5 (range 1.3 – 35.8) with 
higher tracer uptake in kidney lesions (n = 12, median SUVmax 22.2, range 6.6 – 35.8) than 
in CNS lesions (n = 24, median SUVmax 4.5, range 1.3 – 8.9, P <.0001, Fig 3B).  
 
Progressive lesions 
Repeat abdominal imaging was available in 19 patients at a median of 349 days after 
baseline (range 196-642), and CNS imaging in 20 patients at a median of 319 days after 
baseline (range 90-540). Two hundred lesions were evaluable for progression, of which 25  
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Figure 1:  A. 
89

Zr-bevacizumab PET scan of patient 4, demonstrating normal antibody distribution with tracer 
uptake in the blood pool and in the liver, and also uptake in a hemangioblastoma in the cerebellum (SUVmax 
8.3) and in 6 solid kidney lesions (SUVmax 6.6 – 27.6).  B. Hemangioblastoma visualized by 

89
Zr-bevacizumab 

PET, MRI and the fusion image. C. Kidney lesions visualized by 
89

Zr-bevacizumab PET, MRI and the fusion 
image. 

 
 
 

Figure 2: A. Number of PET positive VHL manifestations ≥ 10 mm according to germline mutation. B. SUVmax 

for all PET positive VHL manifestations according to germline mutation:  1 = c.-89-?_c.297+?del, 2 = c.500G>A, 

3 = c.490C>T, 4 = c.509T>A, 5 = c.340+1G>A, 6 = c.241C>T, 7 = IVS1-59del46. 
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(21 hemangioblastomas and 4 RCCs) were progressive.  89Zr-bevacizumab PET visualized 9 
out of 25 (36%) progressive lesions and 27 out of 175 non-progressive lesions (15%), 
resulting in a positive predictive value (PPV) of 25% and a negative predictive value (NPV) of 
90%.When limiting the analysis to lesions ≥ 10 mm at baseline, 7 out of 15 (43%) 
progressive lesions and 17 out of 35 (49%) non-progressive lesions were detected with PET, 
corresponding to a PPV of 29% and a NPV of 69%. Progressive and non-progressive lesions 
had a similar SUVmax (median 4.8, range 0.9 – 8.9 versus 6.7, range 1.3 – 35.8, P = .14). 
 
 

 
 

Figure 3: A. Quantification (median with range) of 
89

Zr-bevacizumab distribution in 22 VHL patients in normal 
organs and in 59 VHL manifestations. B. Quantification of of 

89
Zr-bevacizumab uptake in VHL manifestations 

according to localization. 

 
Treatment  
In the first year of follow-up, 8 patients were actively treated for VHL disease 
manifestations, 6 with surgery and 2 with systemic treatment, and 6 patients had 
asymptomatic progressive hemangioblastomas for which surveillance was intensified (Table 
3). Two patients received bevacizumab treatment, one for metastatic RCC and one for 
progressive hemangioblastomas without local treatment options. In the first patient 89Zr-
bevacizumab RCC uptake was similar to surrounding normal tissue, she died within 2 
months of progressive disease. The second patient had intense 89Zr-bevacizumab uptake in 
hemangioblastomas and has continuing benefit after 27 months of treatment. These 
patients are described in more detail in the Data Supplement. 
 
Plasma VEGF-A  
Baseline plasma VEGF-A levels were available for all, and follow-up levels for 14 out of 22 

patients. Median plasma VEGF-A was 23.9 pg/mL (range: undetectable – 123.0) at baseline 

and 32.1 pg/mL (range: undetectable – 259.7) at follow-up.



 

 
 

Table 2:    VHL manifestations at routine imaging and 89Zr-bevacizumab PET per patient 
 
Patient Sex (F/M),  

age (years) 
VHL manifestationsa at  
baseline anatomic imaging (N) 

MRI/CT 
Lesions  

≥ 10 mm 

PET   
Lesions  

SUVmax 
Range 

1 M 57  CNS (5), pancreas (2)     2  2 4.8 - 6.0 
2 F 23 CNS (1)     1  0  
3 M 31 CNS (8), kidney (1), epididymisb (1)     3  1 12.2 
4 M 61 CNS (4), kidney (8), pancreas (1)   10  7 6.6 - 27.6 
5 F 61 CNS (13), kidney (3), pancreas (1)     9  8 2.4 - 28.3 
6 M 62 CNS (3), pancreas (2)     3  1 6.7 
7 F 36 CNS (19), pancreas (2)     3  3 1.3 - 2.8 
8 F 29 CNS (10), pancreas (1)     2  1 1.4 
9 M 33 CNS (2), pancreas (2)     1  1 4.3 
10 F 48 CNS (9), kidney (4), pancreas (1)     5  1 1.6 
11 F 29 CNS (7)     1  1 4.8 
12 F 38 CNS (4), pancreas (1), adrenal gland (1)     1  2 4.1 - 6.4 
13 M 63 CNS (4), kidney (4), pancreas (1)     3  0  
14 F 46 CNS (1), pancreas (1)     1  0  
15 F 60 CNS (1), pancreas (1), liver (100), bonec (1)   81 18 5.7 - 15.4 
16 M 26 CNS (3)     1  0  
17 M 32 CNS (8), kidney (2), pancreas (1)     3  3 4.3 - 35.8 
18 M 31 CNS (7)     0  0  
19 M 50 CNS (55), epididymisb (1)     5  7 2.7 – 9.0 
20 M 46 CNS (1)     1   0  
21 M 66 CNS (4)     2  2 3.4 - 5.7 
22 M 35 CNS (1), kidney (1)     1  1 26.6 
M=male, F=female, CNS=central nervous system, NA=not available 
a
  excluding simple cysts, 

b
 demonstrated on ultrasound, 

c 
 demonstrated on 

11
C- hydroxytryptophan (HTP) PET
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No correlation was found between baseline plasma VEGF-A and the total number of VHL 
manifestations, the number of PET positive lesions, SUVmax or mean SUVmax. Furthermore, 
baseline and delta plasma VEGF-A did not differ between patients with progressive lesions 
and patients without. 
 
 
 
Table 3:    Treatment in the year after 89Zr-bevacizumab PET 
 

Patient Sex(F/M), 
age (years) 

Progressive lesions Action 

1 M 57  Symptomatic HB       Craniotomy, resection 
2 F 23 None Surveillance 
3 M 31 Symptomatic HB    Laminectomy, 

resection 
4 M 61 Symptomatic HB  Craniotomy, resection 
5 F 61a Multiple symptomatic inoperable HB  Bevacizumab/IFNα 
6 M 62 2 new asymptomatic HB Surveillance 
7 F 36 3 new asymptomatic HB Surveillance 
8 F 29 Symptomatic HB   Craniotomy, resection 
9 M 33 None Surveillance 
10 F 48a Recurrent multifocal RCC 

Metastatic RCC   
Resection      
Bevacizumab/IFNα 

11 F 29 Growing asymptomatic HB Surveillance 
12 F 38 None Surveillance 
13 M 63 1 new asymptomatic HB Surveillance 
14 F 46 None Surveillance 
15 F 60 Metastatic pNET, progression not 

assessed 
Everolimus 

16 M 26 Growing asymptomatic HB Surveillance 
17 M 32 None Surveillance 
18 M 31 1 new asymptomatic HB Surveillance 
19 M 50 None Surveillance 
20 M 46 Symptomatic HB Laminectomy, 

resection 
21 M 66 None Surveillance 
22 M 35 None Surveillance 
M=male, F=female, HB=hemangioblastoma, IFNα=interferon alpha, RCC=renal cell carcinoma, 
pNET=pancreatic neuroendocrine tumor, NA=not available. 
a 

Detailed case report in Data Supplement. 

 

  



89Zr-bevacizumab PET imaging in VHL patients   

 

83 
 

Discussion 
 
This is the first study demonstrating that malignant and non-malignant manifestations of 
VHL disease can be visualized with 89Zr-bevacizumab PET. The detection rate for lesions ≥ 10 
mm was 30.8%, indicating that in one third of the lesions the drug target VEGF-A is available 
and accessible. Despite the monogenetic pathogenesis, profound heterogeneity in tracer 
uptake by the lesions between and within patients was demonstrated which is partly 
determined by the type of manifestation. 89Zr-bevacizumab PET did not identify lesions that 
progressed within the next year, nor did plasma VEGF-A levels. 
Abundant VEGF expression has been demonstrated by in situ hybridization and 
immunohistochemistry in a variety of VHL-associated lesions, including hemangioblastoma, 
retinal angioma, and RCC.17-25 In contrast, VEGF mRNA was not detectable in normal brain,18 
and was 3-13 times lower in normal kidney than in RCC.23 This corresponds with our imaging 
data that show virtually no 89Zr-bevacizumab accumulation in normal brain, intermediate 
uptake in normal kidney and high uptake compared to normal surrounding tissue in one 
third of disease manifestations. We did not perform biopsies to correlate imaging results 
with tissue VEGF-A concentration in the present study. However, in previous imaging 
studies with radiolabeled bevacizumab in 9 melanoma patients and 23 breast cancer 
patients, tumor tracer uptake correlated with tumor VEGF-A measurement by 
immunohistochemistry and enzyme-linked immunosorbent assay (ELISA) respectively11,26 
although in 5 RCC patients no correlation was found between 111In-bevacizumab uptake and 
VEGF-A concentration within primary tumors.27 
VHL disease is clinically divided in type 1 (absence of pheochromocytoma) and type 2 (high 
risk of pheochromocytoma) and type 2 is further subdivided according to risk of RCC (2A: 
low, 2B: high, and 2C: pheochromocytoma only).  Correlation between phenotype and 
genotype is complex; about 200 different germline mutations have been identified.28 Type 1 
appears to result from mutations that disrupt HIF1α degradation whereas in type 2 disease 
HIF1α regulation by pVHL is partly preserved.28 Therefore, VEGF-A overexpression is 
probably much more pronounced and important for pathogenesis in type 1 disease then in 
type 2 disease and could explain heterogeneity of 89Zr-bevacizumab PET results between 
patients. Although the numbers of lesions are too small to draw conclusions, our results do 
not suggest important differences in the rate of PET positive lesions or in SUVmax for the 
different germline mutations. Moreover, the capacity to target HIF for degradation and the 
degree of VEGF-A overexpression in a single disease manifestation is most likely a resultant 
of the type of the germline mutation and the second hit. The second hit differs across 
lesions, as has been demonstrated by analysis of deletion size in 16 disease manifestations 
of a single patient,29 which could explain the intrapatient heterogeneity in 89Zr-bevacizumab 
uptake that we found. pVHL also has HIF-independent functions such as stabilization of 
microtubules, regulation of apoptosis, regulation of extracellular matrix assembly and 
maintenance of primary cilium. Loss of HIF-independent functions probably contributes to 
the development of disease manifestations.28 Furthermore, additional mutations are 
involved in specific manifestations, as demonstrated by loss of chromosome 11 in 31 out of 
36 VHL associated pheochromocytomas but in none of 7 VHL related hemangioblastomas, 
contributing to genomic intrapatient heterogeneity of VHL lesions.30 In sporadic clear cell 
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RCC, which is also characterized by VHL loss, additional mutations frequently exist.31,32 In 
depth analysis of multiple tumor samples from 4 sporadic RCC patients also revealed 
striking mutational heterogeneity and a pattern of branched evolution.33 
 We found no difference in 89Zr-bevacizumab accumulation between progressive and non-
progressive disease manifestations ≥ 10 mm. This contrasts with a small study of retinal 
angiomas of 3 VHL patients where the highest VEGF mRNA level was found in the patient 
with the most active disease.34 Also in 50 patients with sporadic clear cell RCC who 
underwent nephrectomy, cytoplasmic VEGF expression correlated with tumor progression 
and tumor grade.35  
Simple cysts in kidneys and pancreatic glands did not take up 89Zr-bevacizumab. Higher 
VEGF concentrations were detected in the fluid of 2 renal cysts then in serum of 1 VHL 
patient.36 Promotion of cyst formation may however be more dependent on loss of 
maintenance of the primary cilium than on activation of the VEGF pathway.37  
We did not find a relation between plasma VEGF-A levels and PET imaging results. Also the 
number of lesions and presence of symptomatic or growing lesions was not related with 
plasma VEGF-A. This is in line with lack of a correlation between serum VEGF measurements 
and disease manifestations in 15 VHL patients, and the fact that serum VEGF did not differ 
significantly between VHL patients and healthy controls.36 This may be explained by 
different VEGF-A splice variants in the circulation compared to the microenvironment of 
disease manifestations. The small variants, consisting of 121 and 165 amino acids (VEGF121 
and VEGF165) are freely diffusible whereas the large variants VEGF189 and VEGF206 are bound 
to the extracellular matrix.38 Imaging with 89Zr-bevacizumab, which binds to all splice 
variants, therefore potentially better reflects biology of disease manifestations than 
circulating VEGF-A. 
VHL patients receive local treatment for symptomatic disease manifestations and lesions 
that pose a threat to functioning or have metastatic potential. Systemic treatment has been 
used as salvage strategy for unresectable or multiple progressive hemangioblastomas with 
high risk of severe morbidity from local treatment. There is no evidence based systemic 
therapy available but case reports, case series and small studies have been reported for 
antiangiogenic treatment with bevacizumab, thalidomide as well as the tyrosine kinase 
inhibitors semaxanib and sunitinib.39-48 Study results for vatalanib and for bevacizumab are 
awaited (www.clinicaltrials.gov identifiers: NTC00052013 and NTC01015300). 
Antiangiogenic therapy has resulted in improvement of symptoms, prolonged periods of 
disease stabilization, but rarely induces volume responses in hemangioblastomas. We 
treated two VHL patients with bevacizumab plus IFNα after participation in this imaging 
study. One patient, who received it for metastatic RCC and hardly showed 89Zr-bevacizumab 
accumulation in the tumor, did not respond and died of rapidly progressive disease after 2 
months. The other patient was treated for multiple progressive unresectable 
hemangioblastomas with intense uptake on the PET scan. She experienced prolonged 
symptomatic improvement, and a decrease in hemangioblastoma size. These cases suggest 
that 89Zr-bevacizumab PET might offer a tool to select patients for anti-VEGF therapy, but 
this needs further evaluation in future studies. 
In conclusion, 89Zr-bevacizumab PET can visualize different VHL manifestations but does not 
predict the behavior of a lesion. Striking heterogeneity between and within patients was 
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found which may reflect different biology and might predict sensitivity to antiangiogenic 
treatment. 
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Data Supplement  
 
Case Reports 
Patient A, a 48-year-old female patient with a c.500G>A mutation, had at trial entry a 
history of resected bilateral pheochromocytoma, treatment of retinal angioma, a resected 
cerebellar hemangioblastoma, a partial left nephrectomy for RCC and 4 progressive solid 
lesions growing from the left kidney remnant. Baseline MRI scans showed 14 VHL 
manifestations (5 ≥ 10 mm): 9 CNS lesions, 4 solid lesions from the left kidney and 1 solid 
pancreatic mass. Of these, only one cerebellar hemangioblastoma < 5 mm with a SUVmax of 
1.6 was visible on 89Zr-bevacizumab PET. The PET scan also demonstrated a hotspot in the 
right kidney but on MRI no substrate was found (Supplementary Fig 3A). The PET scan did 
not show focally increased uptake in recurrent RCC lesions from the left kidney remnant. 
Four weeks after the PET scan, a radical left tumor nephrectomy with a partial colon 
resection because of RCC infiltration was performed. Six months later she presented with 
extensive local recurrence, ascites and liver metastases. She started standard RCC 
treatment with bevacizumab 10 mg/kg intravenously every 2 weeks plus INFα 3 times per 
week subcutaneously at a starting dose of 3 million units with the aim to increase the dose 
to 9 million units 3 times per week if tolerated. The patient died 2 months later of 
progressive RCC. 
 
Patient B, a 61-year-old female patient with also a c.500G>A mutation, entered the trial 
with a history of bilateral retinal angiomas, 5 craniotomies for resection of 
hemangioblastomas, embolisation of a cervical spine hemangioblastoma, a radical left 
nephrectomy for RCC, a partial right nephrectomy and radiofrequency ablation for 
recurrent RCC. She suffered from ataxia, disturbed balance and diplopia. Baseline MRI scans 
revealed 13 CNS lesions (8 intracranial, 2 cervical, 2 thoracic and 1 optic nerve localization), 
3 solid kidney lesions, and 1 pancreatic lesion suspect for pNET. Nine lesions were ≥ 10 mm, 
8 lesions were visible on PET, with a median SUVmax of 7.5 (range 2.4 – 28.3) including 5 
CNS lesions (Supplementary Fig 3B). Five months after the 89Zr-bevacizumab PET scan, her 
condition deteriorated with dysartria and dysphagia and severe neuropathic pain in the 
neck, shoulders and arms. Progression of hemangioblastomas in the cerebellum, brain stem 
and cervical spine was demonstrated on MRI. Surgical or endovascular treatment was not 
possible, radiosurgery was deemed too dangerous because of the risk of transient increase 
in vascular permeability and edema. The patient  received treatment with bevacizumab plus 
INFα according to the standard regimen for RCC. Two weeks after the first bevacizumab 
dose, neuropathic pain had resolved completely. INFα was stopped after 8 weeks because 
of anorexia. Walking and speech improved a little over months. The MRI scan after 3 
months of treatment showed a decrease in size of the hemangioblastomas in cerebellum 
and brain stem (Supplementary Fig 4) and of the kidney mass, whereas other lesions were 
unchanged. After 8 months of treatment she developed hydrocephalus because of growth 
of a cystic component of the cerebellar hemangioblastoma. An endoscopic third 
ventriculostomy was performed and bevacizumab was continued. Currently the patient  has 
received 27 months bevacizumab treatment with clinical and radiological stable disease.
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Supplementary Figure 1: Median SUVmax with range of VHL-associated lesions and normal organs on serial 
PET scans of 3 VHL patients 1 hour, 2 days and 4 days after 

89
Zr-bevacizumab injection. 

 

 

Supplementary Figure 2: A. Correlation between SUVmean and SUVmax for VHL manifestations.  
B. Correlation between SUVmean and SUVmax for normal organs.  
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Supplementary Figure 3: A. PET scan of patient A demonstrating a hotspot in the right kidney (no substrate on 
MRI) but no uptake above background in 4 RCCs localizations in the left kidney region. B. PET scan of patient B 
showing tracer uptake in hemangioblastomas and right kidney.   

 
 
 

 
 
 
Supplementary Figure 4: A. PET scan of patient B demonstrating hemangioblastomas in the cerebellum and 
brain stem. B. MRI scan before bevacizumab treatment. C. MRI scan after 3 months of bevacizumab 
treatment. 
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TO THE EDITOR: We read with interest the description by Bose et al 1 of a patient with 
hereditary hemorrhagic telangiectasia (HHT), successfully treated with bevacizumab for 
epistaxis. The importance of interfering in the VEGF-pathway is illustrated in a 55-year-old 
man with HHT (Endoglin mutation P.LYS402.FS) with intractable pain and frequent 
pancreatitis episodes related to pancreatic arteriovenous malformations (AVMs). Surgery 
and embolization were unfeasible. To prove a role for VEGF we performed an 111In-
bevacizumab SPECT-scan2  (Fig 1), which showed elevated tracer uptake in the AVMs. 
Bevacizumab 5 mg/kg every 2 weeks was started 1 year ago. This immediately stopped 
epistaxis, skin vascular stigmata became less pronounced and frequency and severity of 
pancreatitis diminished. After 5 months, the dose was increased to 7.5 mg/kg. Thereafter, 
morphine and tube-feeding could be discontinued and he resumed work. No change in 
volume of AVMs was observed on CT-scan. The patient still receives bevacizumab. Evidence 
of efficacy of bevacizumab for HHT is increasing; optimal dose and duration have to be 
established and may differ for indication, mutation or amount of VEGF overproduction. 
 

1. Bose P, Holter JL, Selby GB. Bevacizumab in hereditary hemorrhagic telangiectasia. N 
Engl J Med 2009;360:2143-4. 

2. Nagengast WB, de Vries EG, Hospers GA, et al. In vivo VEGF imaging with 
radiolabeled bevacizumab in a human ovarian tumor xenograft. J Nucl Med 
2007;48:1313-9. 

 
 
 
 

 
 

Figure 1.  A. Coronal CT image of a patient with hereditary hemorrhagic telangiectasia with arteriovenous 
malformations (AVMs) in the pancreas (arrow). 
B. Fused coronal 111In-bevacizumab SPECT/CT image . The SPECT image shows increased 111In-bevacizumab 
uptake in an AVM (arrow) indicating increased local VEGF concentration. C. Changes in hemoglobin and serum 
amylase and pancreatitis episodes before and during treatment with bevacizumab.


