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ABSTRACT
Backgrounds  The incidence of germline mutations 
in the newly discovered cryptic exon (E1’) of VHL gene 
in patients with von Hippel-Lindau (VHL) disease and 
in patients with paraganglioma or pheochromocytoma 
(PPGL) is not currently known.
Methods  We studied a large international multicentre 
cohort of 1167 patients with a previous negative 
genetic testing. Germline DNA from 75 patients with 
a single tumour of the VHL spectrum (’Single VHL 
tumour’ cohort), 70 patients with multiple tumours of 
the VHL spectrum (’Multiple VHL tumours’ cohort), 76 
patients with a VHL disease as described in the literature 
(’VHL-like’ cohort) and 946 patients with a PPGL were 
screened for E1’ genetic variants.
Results  Six different genetic variants in E1’ were 
detected in 12 patients. Two were classified as 
pathogenic, 3 as variants of unknown significance and 
1 as benign. The rs139622356 was found in seven 
unrelated patients but described in only 16 patients out 
of the 31 390 of the Genome Aggregation Database 
(p<0.0001) suggesting that this variant might be either 
a recurrent mutation or a modifier mutation conferring a 
risk for the development of tumours and cancers of the 
VHL spectrum.
Conclusions  VHL E1’ cryptic exon mutations contribute 
to 1.32% (1/76) of ’VHL-like’ cohort and to 0.11% 
(1/946) of PPGL cohort and should be screened in 
patients with clinical suspicion of VHL, and added to 
panels for Next Generation Sequencing (NGS) diagnostic 
testing of hereditary PPGL. Our data highlight the 
importance of studying variants identified in deep 
intronic sequences, which would have been missed by 
examining only coding sequences of genes/exomes. 
These variants will likely be more frequently detected and 
studied with the upcoming implementation of whole-
genome sequencing into clinical practice.

Introduction
Von Hippel-Lindau (VHL) disease is an autosomal-
dominant renal cancer predisposition syndrome1 

responsible for the development in affected 
patients of renal cysts or clear cell carcinomas, and 
other features as retinal or central nervous system 
haemangioblastomas, pancreatic cysts or neuro-
endocrine tumours, endolymphatic sac tumours 
and pheochromocytomas and/or paragangliomas 
(PPGLs). A germline mutation (including gross dele-
tion) is identified in one of the three exons of VHL 
in almost all affected patients.2 Nevertheless, some 
patients with clinically diagnosed VHL disease, but 
without identified VHL germline mutation, have 
been reported.3 One of the tumour types of the 
VHL tumour spectrum, PPGL, are rare neuroen-
docrine tumours with a great genetic heterogeneity 
and the highest heritability rate with about 40% of 
genetically determined forms.4 5 Indeed, to date, 
approximately 17 susceptibility genes have been 
reported but two thirds of identified mutations are 
found in SDHB, SDHD and VHL genes.6 7

Recently, a cryptic exon of VHL gene, named 
E1’, has been discovered. A germline mutation in 
the first intronic region which results in creation 
of a cryptic exon designated E1’ was found in one 
large family with a typical VHL disease and without 
any alteration in the other VHL exons.8 VHL gene 
is one of the major PPGL susceptibility genes but, 
to date, E1’ exon has not been included in PPGL 
target gene panels.

Hence, our objective was to assess the preva-
lence of E1’ germline mutations in two interna-
tional cohorts of patients: first, in 221 patients 
with a single or multiple tumours suggesting a 
VHL disease and then in 946 with a PPGL but 
without an identified mutation in the three VHL 
exons or in the main PPGL susceptibility genes, 
respectively.

Methods
Patient’s selection
A total of 1167 patients were analysed, divided into 
four different groups:
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Table 1  Main clinical and tumour characteristics of the different 
cohorts

Total patients n=1167

VHL-like, n=76 patients

 � Age at first diagnosis mean (min-max) 45.4 (20–76)

 � Multiple haemangioblastomas 16 (21%)

 � Haemangioblastoma with another VHL tumour 28 (37%)

 � One VHL tumour and family history of VHL tumour 32 (42%)

Multiple VHL tumours, n=70 patients

 � Age at first diagnosis mean, (min-max) 55 (11–81)

 � Three or more VHL tumours 3 (4%)

 � Two VHL tumours 67 (96%)

Single VHL tumour, n=75 patients

 � Age at first diagnosis mean (min-max) 34.6 (11–78)

 � Clear cell renal cell carcinoma 3 (4%)

 � Cerebral haemangioblastoma 27 (36%)

 � Retinal haemangioblastoma 10 (13.3%)

 � Other tumours 35 (46.6%)

PPGL, n=946 patients

 � Age at first diagnosis mean (min-max) 43 (8–94)

 � Benign PPGL 869 (92%)

 � Single benign PPGL 771 (82%)

 � Multiple benign PPGL 98 (10%)

 � Metastatic PPGL 77 (8%)

 � Single metastatic PPGL 67 (7%)

 � Multiple metastatic PPGL 10 (1%)

 � Familial PPGL 17 (2%)

PPGL, paraganglioma; VHL, von Hippel-Lindau.

►► 946 patients with PPGL but without germline mutation in 
major PPGL susceptibility genes (‘PPGL’ cohort) (table 1 and 
online supplementary table S1).

►► 76 patients with a VHL disease as defined in the litera-
ture,2 9 that is, patients with multiple haemangioblastomas, 
or a single haemangioblastoma with another tumour of 
the VHL spectrum, or one tumour of the VHL spectrum 
(excepted epididymal and renal cysts) and family history of 
VHL tumour but no germline VHL gene mutation (‘VHL-
like’ cohort).

►► 70 patients with multiple tumours of the clinical spectrum 
of VHL disease but who did not fill the definition of a VHL 
disease and who had no germline VHL mutation (‘Multiple 
VHL tumours’ cohort).

►► 75 patients with a single tumour of the VHL spectrum 
without VHL mutation occurring at a young age (‘Single 
VHL tumour’ cohort) (table  1 and online supplementary 
table S2).

Germline DNA from ‘VHL-like’, ‘Multiple VHL tumours’ 
and ‘Single VHL tumour’ cohorts had been previously tested for 
VHL gene by Sanger sequencing or Next Generation Sequencing 
and large rearrangements by MLPA or QMPSF. The procedures 
used for PPGL diagnosis were in accordance with international 
guidelines.10 11

Moreover, a control cohort of 198 European subjects without 
VHL manifestation was analysed in order to determine the 
frequency of variant in the general population.

Each patient signed a written informed consent for genetic 
analyses.

Direct sequencing of the E1’ cryptic exon of VHL on germline 
DNA
Sanger sequencing on germline DNA of E1’ was performed as 
previously described.8 Variants interpretation was performed 
by using different criterions: ACMG criteria,12 allele frequency 
in databases, phenotype of patients and tumour analysis as 
described below.

VHL gene analysis in tumour
Tumour DNA was extracted from frozen or paraffin embedded 
tumour by the QIAamp DNA minikit (Qiagen). Loss of heterozy-
gosity (LOH) was evaluated by (1) Sanger sequencing of the E1’ 
cryptic exon of VHL by mutation-specific primers and (2) micro-
satellite analysis on D3S1537, D3S1038, D3S1317 D3S3547, 
D3S3727 as previously described.13 14 VHL gene deletion on 
tumour DNA was assessed with the SALSA MLPA P016 VHL 
probemix (MRC-Holland).

CA9 immunochemistry
Immunohistochemistry was performed as previously described 
on 6 µm slides cut from paraffin-embedded tumours with anti 
CA9 antibody (1/1500, ab15086, Abcam).15 Antigen retrieval 
was performed by boiling slides in Tris-EDTA buffer (pH9) for 
45 min. Revelation was performed using Histogreen as a chro-
mogen. Images were acquired with a Leica DM400B micro-
scope with Leica Application Suite software V.2.8.1 and a Leica 
DFC420C camera.

PNMT and VHL RT-qPCR
RNA was extracted from paraffin embedded tumours of six 
control PPGL (3 NF1-related, 2 RET-related and 1 TMEM127-
related PPGL), 5 VHL- related PPGL (all carrying a missense 
mutation in VHL gene) and patients #3 and #10 PPGL by using 
the Maxwell 16 LEV RNA FFPE Purification Kit (Promega). 
RNA was quantified and its purity assessed with a NanoDrop 
ND-1000 spectrophotometer (Labtech). RT PCR was performed 
on 1000 ng of RNA with iScript cDNA Synthesis Kit iScript 
(BioRad). Then, as described in,16 pre amplification of PNMT, 
VHL, GAPDH and 18S on complementary DNA was performed 
with SsoAdvanced PreAmp Supermix (BioRad). Because of RNA 
fragmentation, all primers were designed to amplify amplicons 
smaller than 100 bp. We used two VHL primer sets. The first set 
amplified the VHL transcript including exons 1 and 2 (E1-E2) 
(F: 5'- ​CATCCACAGCTACCGAGGTC-3' overlapping exons 
1 and 2 and R: 5'-​GTGTGTCCCTGCATCTCTGA-3' located 
on exon 2). The second set amplified the VHL transcript with 
exon 1 and the cryptic exon (E1-E1') (F: 5'-​GCATCCACAGC-
TACCGAGTC-3' overlapping exon 1 and the cryptic exon and 
R: 5'-​AGTCTCCCCAGGAGGAATGT-3' located on the cryptic 
exon). Quantitative PCR was performed on VHL (E1-E2), 
PNMT, GAPDH and 18S by SYBR Green Master MixSybrGreen 
(BioRad) on the C1000 Touch (BioRad) and VHL (E1-E1') was 
amplified by PCR in parallel with GAPDH. All experiments were 
performed in duplicate three times.

Statistical analysis
Statistical analysis was carried out with GraphPad software. 
Differences between allele's frequency in gnomAD and our 
cohort of patients and relative risk were assessed by χ² tests. A 
p<0.05 was considered significant.

Results
We analysed the germline DNA of 1167 patients from France, 
Spain, Canada and the USA. We identified a rare germline 
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Figure 1  VHL E1’ variants identified: mutations identified in patient #10 on the germline DNA and somatic DNA (A); location of germline variants found 
in VHL E1’(B).

genetic variant (minor allele frequency <1%) in the E1’ VHL 
cryptic exon in 12 patients (1%). One of these patients was clas-
sified as ‘VHL-like’ (1 of 76 patients, 1.3%), 2 as ‘Multiple VHL 
tumours’ (2/70 patients, 2.9%), 1 as ‘Single VHL tumour’ (1/75 
patients, 1.3%) and 8 belonged to the ‘PPGL’ cohort (8/946, 
0.8%) (table  2). Among these 12 patients, we identified 6 
different variants, 4 in the E1’ and 2 at the intron-exon junction 
and we considered only two variants as pathogenic mutations 
(figure 1). None of these variants was found in a control cohort 
of 198 European subjects without VHL manifestations.

Seven patients (patients #2 to #8) (0.6%) carried the same rare 
variant of uncertain significance (VUS), c.340+578C>T which 
is referenced in dbSNP as rs139622356 and has been previ-
ously reported in the Genome Aggregation Database (gnomAD). 
The five remaining patients carried different E1’ variants. One 
of them (patient #9) harbours the c.340+617C>G muta-
tion previously described in the original paper.8 Patient #12 
carried the c.340+866C>A VUS, which is referenced in dbSNP 
(rs536631685) and 1000 Genomes, but not in the Genome 
Aggregation Database (gnomAD). Finally, three novel VUS of 
the E1’ VHL cryptic exon were discovered in the three remaining 
patients. None of the four patients with a PPGL and an E1’ VUS 
have developed VHL spectrum tumour(s) during their follow-up 
and none of them had family history of VHL disease (table 2); 
however, segregation analysis was only performed in patient #9. 
The proband’s mother did carry the variant and had a pancreatic 
cyst and multiple vertebral body haemangiomas which both are 
evocating of VHL disease.17

Among the remaining 11 patients, 3 tumours were available, 
2 as paraffin embedded samples (patients #1, #10) and 1 as a 
frozen tumour (patient #3). None of them presented a LOH 
at VHL locus and the mutated allele was lost as determined by 

Sanger sequencing in tumour #1. In tumour DNA of patient 
#10, which harbours the c.340+682T>C variant, we identi-
fied a second variant in the exon 3 of VHL (c.482G>A; p.Ar-
g161Gln), known to be pathogenic (figure  1). This somatic 
mutation was previously described in this patient.18 In the 
absence of LOH, this exon 3 variant may function as the second 
VHL hit in this tumour. No other mutation of the VHL gene was 
identified in tumour DNA of patient #3.

To validate and classify these different VUS, we carried out 
different functional studies on available tumour tissues. We first 
performed immunohistochemistry to study the expression of 
CA9, known to be expressed at the membrane of tumour cells in 
case of VHL inactivation.19 A membranous positive CA9 immu-
nostaining has been previously reported in VHL-related PPGL, 
haemangioblastoma, endolymphatic tumours and ccRCC.15 20 21 
We observed a cluster of tumour cells with a positive membra-
nous CA9 immunostaining only in the PPGL of patient #10 
(figure  2A) which can be seen in VHL-related PPGL.15 Then, 
we assessed the expression of PNMT gene, which is one of 
the most downregulated genes in VHL-related PPGL,22 23 by 
RT-qPCR. As expected, the PPGL of patient #10 exhibited 
a significant low expression of PNMT mRNA, comparable to 
the VHL-tumours used as controls. On the contrary, the level 
of PNMT expression was equivalent to control tumours in the 
PPGL of patient #3, which produced both epinephrine and 
norepinephrine. Finally, we analysed the expression of VHL 
gene by RT-qPCR. We assessed the expression of two different 
VHL mRNA: the mRNA containing the exons 1 and 2 (E1-E2), 
which will lead with the exon 3 to the expression of the two 
main VHL proteins (pVHL213 and pVHL160) and VHL mRNA 
containing the exon 1 and E1' (E1-E1'), which was previously 
described as increased in tumour or in lymphoblastoid cell lines 
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Figure 2  CA9 immunochemistry in patients tumours with a VHL E1' mutation showed a membranous immunostaining on a cluster of cells in patient #10 
PPGL (A). PNMT and VHL (E1-E2 transcript) genes expression by RT-qPCR in patients #3 and #10 showed a low expression of the two genes in patient #10 
tumours (B).

of patients with E1' mutation. In normal condition, this VHL 
E1-E1' mRNA is degraded by nonsense-mediated decay (NMD), 
and in this pathological condition, NMD may be overwhelmed. 
The PPGL of patients #3 and #10 showed expression of VHL 
E1-E1' mRNA which was absent in controls, suggesting that the 
two variants change the VHL mRNA splicing (figure 3). More-
over, the PPGL of patient #10 showed a low expression of 
VHL E1-E2 mRNA comparable to the VHL-related PPGL used 
as control (figure 2B). Altogether, these data provide evidence 
that this VHL E1' mutation (c.340+682T>C) is a pathogenic 
mutation that combined with the second mutation (c.482G>A; 
p.Arg161Gln) induce tumorigenesis.

Finally, 23 patients carry the c.340+648T>C (rs73024533) 
variant, previously described in dbSNP, at an heterozygous state. 
The allele frequency of rs73024533 in our cohort is comparable 
to that of the gnomAD database and of our control cohort of 
198 European subjects (1.9% vs 1.3% and 1.3%, respectively, 
p=0.0536).

Discussion
E1’ mutations were previously described by Lenglet et al in eight 
families, either with erythrocytosis or VHL disease. These muta-
tions led to an abnormal VHL mRNA with the insertion of the 
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Figure 3  Expression of E1-E1' transcript of VHL gene showed expression 
only in patients #3 and #10.

E1’ in the transcript and to mRNA degradation by NMD and to 
global defect in VHL protein expression.8

In our large international study, we identified four new germ-
line variants in E1’ VHL gene and we classified two of them 
as pathogenic, representing 1.3% of ‘VHL-like’ cohort (1/76 
patients) and 0.11% of ‘PPGL’ cohort (1/946 patients). Our 
patients did not have all the manifestation of VHL disease. 
However, in the single patient in whom a familial genetic 
screening was performed (patient #9), the proband’s mother 
had her first screening (cerebral and medullary MRI and abdom-
inal CT scan) at the age of 70 years old, which diagnosed one 
pancreatic cyst and multiple vertebral body haemangiomas. 
Interestingly, multiple vertebral body haemangiomas are rare in 
VHL disease but have been described in patients with Chuvash 
polycythemia, a disease secondary to a recurrent germline bial-
lelic mutation in VHL gene (c.598C>T, p.Arg200Trp).24 Our 
data suggest incomplete penetrance of E1’ VHL mutations, as 
it was previously described for the SDHA gene-another PPGL 
susceptibility gene- mutations that exhibit a relatively high allele 
frequency in gnomAD.25

We have identified the same variant c.340+578C>T 
(rs139622356) in seven patients, but our tumour analyses were 
not able lead to the classification of this variant in a pathogenic 
variant. Indeed in one tumour with this variant, we identified 
the E1-E1' mRNA which suggest that the variant is pathogenic. 
However, epinephrine secretion and PNMT expression of this 
tumour are strong indicator against the diagnosis of VHL-related 
PPGL.26 Moreover, we identified this variant in 0.6% of our 

cohort, which is 10 times more frequent in our cohort than in 
reference databases. Indeed, this variant is described in 0.05% of 
gnomAD subjects (7/1167 vs 16/31 390, p<0.0001). It is note-
worthy that in Tuscan and Iberian subjects reported in the 1000 
Genomes project, the frequency of this rs139622356 is 0.9%. 
All these data suggest that this variant could be either a patho-
genic variant that is not implicated in the PPGL of our patient 
because of the lack of LOH/second VHL mutation, or a modifier 
variant contributing potentially to an 8.5-fold risk (95% CI 4.4 
to 14.3, p<0.0001) for development of PPGL or VHL tumours. 
Hence, more functional analyses and more tumours analyses will 
be required to achieve a definitive conclusion.

Our study demonstrates that E1’ VHL variants are rare events 
in ‘VHL-like’ and ‘PPGL’ patients, but nearly as frequent as the 
VHL mutation rate in exons 1 and 2 in patients with PPGL (in 
the molecular genetic laboratory of Hôpital Européen Georges 
Pompidou-Paris-France VHL mutation rate in exon 1 has been 
reported to be 0.74% (p=0.062), in exon 2: 0.18% (p=0.99) 
and in exon 3: 0.92% (p=0.0264),27 or as frequent as in exons 
of other PPGL susceptibility genes (for instance, the mutation 
rate in exon 1 of SDHD is 0.43%). However, because patients 
with well-established VHL pathogenic mutations were excluded 
from our cohort, the current frequency may be an underesti-
mation. As the identification of VHL variants has important 
implications for management and follow-up of patients and 
relatives, we suggest that E1’ cryptic exon should be added to 
NGS diagnostic panels. Considering the genetic heterogeneity of 
PPGLs and the high rate of detectable driver mutations in these 
tumours,10 a low frequency of variants in any given new gene/
exons is not unexpected. However, the interpretation of these 
E1' variants might be difficult and more functional analyses has 
to be designed in order to validate these variants. Finally, our 
study underlines the importance of variants identified in deep 
intronic sequences, which would have been missed by examining 
only coding sequences of genes/exomes. These variants will likely 
be more frequently detected and studied in the next future with 
the upcoming implementation of whole-genome sequencing into 
clinical practice.
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Number Age at diagnostic Sex Single or multiple PPGL Malignant PPGL Localization of PPGL Family history of PPGL

PPGL1 54 NA Single HN

PPGL2 NA NA Multiple PCC

PPGL3 16 NA Single TAP

PPGL4 76 NA Single PCC

PPGL5 44 NA Single PCC

PPGL6 47 NA Single PCC

PPGL7 47 NA Single PCC

PPGL8 38 NA Single HN

PPGL9 59 NA Single PCC

PPGL10 74 NA Single HN

PPGL11 42 NA Single PCC

PPGL12 52 NA Single PCC

PPGL13 13 NA Multiple TAP

PPGL14 8 NA Single PCC

PPGL15 45 NA Single PCC

PPGL16 47 NA Single PCC

PPGL17 26 NA Single PCC

PPGL18 45 NA Single PCC

PPGL19 44 NA Single PCC

PPGL20 35 NA Single Yes HN

PPGL21 44 NA Single PCC

PPGL22 33 NA Single PCC

PPGL23 60 NA Single TAP

PPGL24 48 NA Single TAP

PPGL25 59 NA Single PCC

PPGL26 47 NA Single PCC

PPGL27 22 NA Single PCC

PPGL28 54 NA Single PCC

PPGL29 66 NA Single PCC

PPGL30 24 NA Multiple TAP

PPGL31 42 NA Single Yes TAP

PPGL32 59 NA Single TAP

PPGL33 59 NA Single TAP

PPGL34 70 NA Single HN

PPGL35 38 NA Single TAP

PPGL36 80 NA Single PCC

PPGL37 57 NA Single PCC

PPGL38 60 NA Single PCC

PPGL39 32 NA Single PCC

PPGL40 75 NA Single HN

PPGL41 64 NA Single TAP

PPGL42 35 NA Single PCC

PPGL43 35 NA Single Yes TAP

PPGL44 47 NA Single PCC

PPGL45 59 NA Single PCC

PPGL46 51 NA Single HN

PPGL47 30 NA Single TAP

PPGL48 36 NA Single PCC

PPGL49 75 NA Single HN

PPGL50 67 NA Single TAP

PPGL51 62 NA Single PCC

PPGL52 66 NA Single PCC

PPGL53 35 NA Single TAP

PPGL54 69 NA Single PCC

PPGL55 32 NA Single PCC

PPGL56 64 NA Single PCC

PPGL57 38 NA Single HN

PPGL58 67 NA Single PCC

PPGL59 55 NA Single PCC

PPGL60 18 NA Single TAP

PPGL61 36 NA Single PCC

PPGL62 47 NA Single HN

PPGL63 80 NA Single HN

PPGL64 43 NA Single HN

PPGL65 67 NA Single PCC

PPGL66 78 NA Single HN

PPGL67 66 NA Single TAP

PPGL68 78 NA Single PCC

PPGL69 47 NA Single PCC

PPGL70 35 NA Single PCC

PPGL71 64 NA Single TAP

PPGL72 NA NA Single PCC

PPGL73 44 NA Single PCC

PPGL74 43 NA Single PCC

PPGL75 58 NA Single PCC

PPGL76 75 NA Single HN

PPGL77 51 NA Single PCC

PPGL78 70 NA Single PCC

PPGL79 70 NA Single PCC

PPGL80 46 NA Single HN

PPGL81 36 NA Single PCC

PPGL82 68 NA Single HN

PPGL83 52 NA Single PCC

PPGL84 45 NA Single TAP

PPGL85 47 NA Single PCC

PPGL86 28 NA Single HN

PPGL87 41 NA Single PCC

PPGL88 42 NA Single TAP

PPGL89 52 NA Single PCC Yes

Supplementary Table S1: Individual clinical and tumor characteristics of patients in "PPGL" cohort. M: male, F: female, HN: head and neck PPGL, TAP: 

thoracic, abdominal or pelvic PPGL, PCC: pheochromocytoma, NA: not available.
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PPGL90 55 NA Single PCC

PPGL91 47 NA Single PCC

PPGL92 64 NA Single TAP

PPGL93 62 NA Single TAP

PPGL94 57 NA Single Yes PCC

PPGL95 19 NA Single PCC

PPGL96 68 F Single HN

PPGL97 43 M Single PCC

PPGL98 76 F Single NA

PPGL99 63 F Single HN

PPGL100 65 M Single PCC

PPGL101 65 M Single PCC

PPGL102 46 F Single Yes NA

PPGL103 54 F Single PCC

PPGL104 66 M Single PCC

PPGL105 36 F Multiple HN

PPGL106 65 M Single PCC

PPGL107 21 M Single HN

PPGL108 47 F Single NA

PPGL109 45 M Single PCC

PPGL110 64 F Single PCC

PPGL111 94 F Single PCC

PPGL112 70 F Single HN

PPGL113 37 F Single PCC

PPGL114 64 F Multiple TAP/PCC

PPGL115 54 M Single PCC

PPGL116 49 M Single PCC

PPGL117 71 F Single HN

PPGL118 49 F Single PCC

PPGL119 47 F Single PCC

PPGL120 52 F Single HN

PPGL121 73 F Single PCC

PPGL122 61 F Single PCC

PPGL123 48 M Single PCC

PPGL124 72 F Single NA

PPGL125 58 M Single HN

PPGL126 51 M Single Yes PCC

PPGL127 50 M Single NA

PPGL128 78 F Single PCC

PPGL129 83 F Single NA

PPGL130 65 F Single PCC

PPGL131 78 F Single HN

PPGL132 61 M Multiple NA

PPGL133 55 F Single PCC

PPGL134 57 M Single PCC

PPGL135 40 M Single PCC

PPGL136 60 M Single PCC

PPGL137 57 M Single PCC

PPGL138 58 F Single TAP

PPGL139 58 F Single PCC

PPGL140 60 F Single PCC

PPGL141 47 F Single PCC

PPGL142 48 M Single TAP

PPGL143 52 F Single PCC

PPGL144 56 M Single PCC

PPGL145 38 F Single TAP

PPGL146 42 M Single PCC

PPGL147 69 M Single HN

PPGL148 52 M Single NA

PPGL149 61 F Single PCC

PPGL150 42 M Single HN

PPGL151 49 F Single PCC

PPGL152 50 M Single PCC

PPGL153 66 F Single NA

PPGL154 19 M Single PCC

PPGL155 71 F Single HN

PPGL156 61 F Single PCC

PPGL157 58 F Single TAP

PPGL158 56 M Single PCC

PPGL159 69 F Single PCC

PPGL160 32 M Multiple NA

PPGL161 82 F Single HN

PPGL162 68 F Single PCC

PPGL163 40 F Single HN

PPGL164 56 M Single PCC

PPGL165 52 F Multiple HN

PPGL166 58 F Single PCC

PPGL167 68 M Single PCC

PPGL168 68 M Single HN

PPGL169 73 F Single HN

PPGL170 76 M Single PCC

PPGL171 38 M Single PCC

PPGL172 49 F Single HN

PPGL173 66 F Single NA

PPGL174 63 M Single PCC

PPGL175 84 M Single NA
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PPGL176 NA M Single PCC

PPGL177 64 M Single PCC

PPGL178 NA M Single Yes NA

PPGL179 57 M Single PCC

PPGL180 67 F Single HN

PPGL181 74 F Single HN

PPGL182 62 M Single PCC

PPGL183 41 F Single NA

PPGL184 70 F Single PCC

PPGL185 41 F Single PCC

PPGL186 21 M Single HN

PPGL187 56 M Single TAP

PPGL188 48 F Single PCC

PPGL189 69 M Single HN

PPGL190 63 F Single PCC

PPGL191 36 M Single NA

PPGL192 77 F Single PCC

PPGL193 50 F Single PCC

PPGL194 67 M Single PCC

PPGL195 55 F Single TAP

PPGL196 71 F Single PCC

PPGL197 62 M Single PCC

PPGL198 70 F Single HN Yes

PPGL199 31 F Single PCC Yes

PPGL200 45 F Single HN

PPGL201 23 M Multiple HN Yes

PPGL202 22 M Single PCC

PPGL203 NA F Multiple HN Yes

PPGL204 14 M Single TAP

PPGL205 32 M Multiple HN/TAP

PPGL206 69 F Multiple HN

PPGL207 33 F Single TAP

PPGL208 49 M Multiple HN

PPGL209 53 F Multiple TAP

PPGL210 44 M Multiple TAP

PPGL211 35 M Single Yes TAP

PPGL212 27 F Single Yes TAP

PPGL213 29 F Single HN

PPGL214 17 M Single TAP

PPGL215 54 F Multiple HN

PPGL216 47 F Single HN

PPGL217 28 F Single HN

PPGL218 46 M Multiple HN

PPGL219 29 M Single HN

PPGL220 32 F Single Yes TAP

PPGL221 32 F Single HN

PPGL222 24 F Single HN

PPGL223 17 F Single HN

PPGL224 30 M Single TAP

PPGL225 50 F Multiple HN

PPGL226 20 F Single TAP

PPGL227 19 M Single TAP

PPGL228 27 F Single TAP

PPGL229 34 M Single HN

PPGL230 26 F Single Yes HN

PPGL231 66 M Multiple TAP

PPGL232 31 F Single HN

PPGL233 25 M Single HN

PPGL234 30 F Single Yes HN

PPGL235 19 F Multiple HN

PPGL236 71 M Multiple TAP/PCC

PPGL237 NA F Single NA

PPGL238 60 F Multiple HN

PPGL239 39 M Multiple HN

PPGL240 62 F Single TAP

PPGL241 21 M Multiple TAP/PCC

PPGL242 11 M Single TAP

PPGL243 27 F Multiple TAP

PPGL244 43 M Single TAP

PPGL245 28 F Single HN

PPGL246 20 F Single TAP

PPGL247 25 F Single HN

PPGL248 16 F Single TAP

PPGL249 64 F Multiple HN

PPGL250 33 M Single HN

PPGL251 32 F Single TAP

PPGL252 33 M Single HN

PPGL253 17 F Single TAP

PPGL254 32 M Single HN

PPGL255 34 M Single HN

PPGL256 33 F Single Yes HN

PPGL257 46 M Multiple HN

PPGL258 74 F Multiple HN

PPGL259 53 F Single HN

PPGL260 33 F Single HN

PPGL261 32 F Single TAP

PPGL262 25 F Single HN

PPGL263 30 F Single PCC

PPGL264 33 M Single TAP

PPGL265 32 M Single Yes TAP
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PPGL266 68 F Multiple HN

PPGL267 19 M Single HN

PPGL268 35 M Single HN

PPGL269 80 M Multiple TAP/PCC

PPGL270 NA M Single TAP

PPGL271 NA F Single TAP

PPGL272 9 F Single HN

PPGL273 35 F Single HN

PPGL274 34 F Multiple Yes TAP/PCC

PPGL275 29 F Multiple TAP

PPGL276 29 F Single TAP

PPGL277 55 F Multiple HN/TAP

PPGL278 14 M Single HN

PPGL279 8 M Single TAP

PPGL280 33 M Single HN

PPGL281 15 F Single TAP

PPGL282 22 F Single Yes HN

PPGL283 32 M Single HN Yes

PPGL284 43 M Multiple HN

PPGL285 33 F Single HN

PPGL286 34 F Single HN

PPGL287 31 M Single Yes HN Yes

PPGL288 33 M Single NA

PPGL289 16 M Single TAP

PPGL290 35 F Single HN

PPGL291 35 M Single TAP Yes

PPGL292 29 M Single Yes TAP

PPGL293 45 F Multiple HN Yes

PPGL294 17 M Multiple Yes HN

PPGL295 22 F Multiple HN

PPGL296 49 F Multiple HN

PPGL297 34 F Single HN

PPGL298 22 M Single TAP

PPGL299 17 F Single HN

PPGL300 31 F Multiple HN/TAP

PPGL301 35 F Single HN

PPGL302 50 F Multiple TAP/PCC

PPGL303 73 F Multiple HN

PPGL304 35 F Single HN

PPGL305 15 F Multiple TAP/PCC

PPGL306 74 F Multiple TAP/PCC

PPGL307 32 F Multiple TAP

PPGL308 32 F Single HN

PPGL309 22 F Single Yes HN

PPGL310 34 M Single HN

PPGL311 23 F Single HN

PPGL312 35 M Single HN

PPGL313 34 M Single HN

PPGL314 74 M Multiple HN/TAP

PPGL315 22 F Single HN

PPGL316 47 F Multiple HN/TAP

PPGL317 34 F Multiple TAP

PPGL318 22 M Single HN

PPGL319 35 M Single HN

PPGL320 30 F Single HN

PPGL321 30 F Single HN

PPGL322 22 F Single HN

PPGL323 25 F Single HN

PPGL324 27 M Single HN

PPGL325 33 M Single HN

PPGL326 17 F Single HN

PPGL327 54 F Multiple TAP

PPGL328 28 F Single HN

PPGL329 25 M Single HN

PPGL330 27 F Multiple HN/TAP

PPGL331 32 M Single HN

PPGL332 30 F Single TAP

PPGL333 12 F Multiple HN

PPGL334 26 F Single HN

PPGL335 30 F Single HN

PPGL336 34 F Single HN

PPGL337 35 M Single HN

PPGL338 28 F Single HN

PPGL339 35 M Single HN

PPGL340 30 M Single HN

PPGL341 33 F Single Yes TAP

PPGL342 20 M Single HN

PPGL343 28 F Single PCC

PPGL344 34 M Single Yes PCC

PPGL345 31 F Single PCC

PPGL346 35 F Single PCC

PPGL347 19 F Single PCC

PPGL348 27 M Single HN

PPGL349 30 F Single Yes PCC

PPGL350 26 M Single PCC

PPGL351 26 F Single PCC

PPGL352 30 F Single PCC

PPGL353 14 F Single PCC

PPGL354 14 M Single PCC

PPGL355 31 M Single PCC

PPGL356 35 M Single PCC

PPGL357 8 M Single PCC
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PPGL358 33 M Multiple TAP/PCC

PPGL359 24 M Single Yes TAP

PPGL360 21 M Single PCC

PPGL361 16 M Single PCC

PPGL362 11 M Single PCC

PPGL363 33 F Single PCC

PPGL364 28 F Single PCC

PPGL365 25 F Multiple PCC

PPGL366 32 M Single PCC

PPGL367 11 M Single PCC

PPGL368 29 M Single PCC

PPGL369 22 F Single PCC

PPGL370 29 F Single PCC

PPGL371 35 M Single PCC

PPGL372 29 F Single TAP

PPGL373 35 F Single PCC

PPGL374 18 F Single PCC

PPGL375 35 F Single PCC

PPGL376 30 M Single PCC

PPGL377 27 F Single PCC

PPGL378 14 F Single TAP

PPGL379 27 M Single PCC

PPGL380 33 F Single TAP

PPGL381 27 M Single PCC

PPGL382 33 M Single PCC

PPGL383 35 F Single PCC

PPGL384 47 M Multiple HN

PPGL385 11 M Multiple Yes PCC

PPGL386 32 M Single PCC

PPGL387 64 F Single PCC

PPGL388 21 M Single PCC

PPGL389 26 M Single PCC

PPGL390 31 F Single PCC

PPGL391 21 M Single PCC

PPGL392 35 M Single PCC

PPGL393 20 M Single PCC

PPGL394 27 F Single PCC

PPGL395 32 F Single PCC

PPGL396 31 M Single PCC

PPGL397 21 F Multiple PCC

PPGL398 33 M Single PCC

PPGL399 38 M Single PCC

PPGL400 34 M Single PCC

PPGL401 25 M Single PCC

PPGL402 29 M Single PCC

PPGL403 44 F Multiple PCC

PPGL404 28 M Single PCC

PPGL405 31 M Single PCC

PPGL406 34 M Single PCC

PPGL407 35 F Single PCC

PPGL408 35 M Single PCC

PPGL409 34 F Single PCC

PPGL410 24 F Single PCC

PPGL411 13 F Multiple TAP/PCC

PPGL412 31 F Single PCC

PPGL413 33 M Single PCC

PPGL414 25 M Single PCC

PPGL415 13 F Multiple TAP

PPGL416 33 F Single PCC

PPGL417 30 F Single PCC

PPGL418 30 F Single PCC

PPGL419 59 M Multiple PCC

PPGL420 30 M Single PCC

PPGL421 39 F Multiple TAP/PCC

PPGL422 64 F Multiple PCC

PPGL423 21 F Single PCC

PPGL424 45 M Single Yes PCC

PPGL425 17 M Single PCC

PPGL426 34 M Single Yes PCC

PPGL427 54 M Single Yes PCC

PPGL428 39 M Single Yes PCC

PPGL429 13 M Single PCC

PPGL430 32 F Single PCC

PPGL431 21 M Single PCC

PPGL432 28 F Single PCC

PPGL433 13 F Single TAP

PPGL434 35 F Single PCC Yes

PPGL435 62 F Multiple TAP/PCC

PPGL436 33 M Single PCC

PPGL437 50 F Multiple NA

PPGL438 27 M Single Yes PCC

PPGL439 33 M Single PCC

PPGL440 33 M Single Yes PCC

PPGL441 26 M Single PCC

PPGL442 35 F Single PCC

PPGL443 56 F Single PCC

PPGL444 35 F Single PCC

PPGL445 10 F Single TAP

PPGL446 34 F Single PCC

PPGL447 28 F Single PCC

PPGL448 40 M Multiple TAP/PCC

PPGL449 35 M Single Yes PCC
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PPGL450 21 F Single PCC

PPGL451 33 M Single Yes PCC

PPGL452 18 F Single Yes PCC

PPGL453 15 F Single Yes PCC

PPGL454 22 F Single PCC

PPGL455 26 M Single PCC

PPGL456 52 F Single PCC

PPGL457 57 M Single NA Yes

PPGL458 18 M Single PCC

PPGL459 28 M Single PCC

PPGL460 55 F Multiple PCC

PPGL461 19 M Single TAP

PPGL462 26 M Single Yes TAP

PPGL463 26 F Single PCC

PPGL464 31 M Single PCC

PPGL465 13 M Multiple PCC

PPGL466 28 F Multiple TAP/PCC

PPGL467 23 F Single TAP

PPGL468 23 M Single PCC

PPGL469 34 M Single PCC

PPGL470 16 F Single TAP

PPGL471 32 M Single PCC

PPGL472 60 F Single PCC

PPGL473 12 F Single PCC

PPGL474 31 F Single Yes TAP

PPGL475 46 F Single PCC Yes

PPGL476 54 F Multiple TAP/PCC

PPGL477 36 F Single Yes PCC Yes

PPGL478 22 F Single Yes PCC

PPGL479 12 M Single PCC

PPGL480 8 M Single PCC

PPGL481 13 M Single PCC

PPGL482 32 F Single PCC

PPGL483 21 M Single PCC

PPGL484 35 F Single PCC

PPGL485 26 F Single PCC

PPGL486 30 M Single PCC

PPGL487 30 F Single PCC

PPGL488 25 F Single TAP Yes

PPGL489 18 M Single PCC

PPGL490 15 F Single PCC

PPGL491 28 M Single PCC

PPGL492 34 F Multiple Yes PCC

PPGL493 30 M Single PCC

PPGL494 18 M Single PCC

PPGL495 34 M Single PCC

PPGL496 12 M Multiple TAP/PCC

PPGL497 14 F Single PCC

PPGL498 25 F Single PCC

PPGL499 30 F Single PCC

PPGL500 18 M Single PCC

PPGL501 33 F Single PCC

PPGL502 48 M Multiple TAP

PPGL503 24 M Single PCC

PPGL504 NA M Single NA

PPGL505 53 F Single PCC

PPGL506 24 M Single PCC

PPGL507 25 F Single PCC

PPGL508 34 F Single PCC

PPGL509 31 M Single PCC

PPGL510 31 M Single PCC

PPGL511 29 M Single PCC

PPGL512 19 M Single PCC

PPGL513 35 F Single PCC

PPGL514 28 M Single PCC

PPGL515 35 F Single PCC

PPGL516 25 F Multiple PCC

PPGL517 32 F Single PCC

PPGL518 33 F Single TAP

PPGL519 35 F Single PCC

PPGL520 40 M Multiple TAP/PCC

PPGL521 32 F Single PCC

PPGL522 31 F Single PCC

PPGL523 35 F Single PCC

PPGL524 30 F Single PCC

PPGL525 44 F Multiple Yes TAP/PCC Yes

PPGL526 27 F Single PCC

PPGL527 27 M Single PCC

PPGL528 26 M Single PCC

PPGL529 30 M Single Yes PCC

PPGL530 14 M Single PCC

PPGL531 33 M Single PCC

PPGL532 44 F Multiple Yes PCC

PPGL533 30 F Single PCC

PPGL534 49 M Multiple PCC

PPGL535 17 F Single Yes PCC

PPGL536 33 M Single PCC

PPGL537 22 F Single PCC

PPGL538 22 M Single PCC

PPGL539 36 M Multiple TAP

PPGL540 23 M Single PCC

PPGL541 25 M Single PCC
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PPGL542 32 M Single Yes PCC

PPGL543 24 M Single PCC

PPGL544 32 F Single PCC

PPGL545 18 M Single PCC

PPGL546 46 M Single PCC Yes

PPGL547 34 F Single PCC

PPGL548 25 F Single PCC

PPGL549 27 F Single PCC

PPGL550 43 M Multiple PCC

PPGL551 28 F Single PCC

PPGL552 19 M Single PCC

PPGL553 23 M Single PCC

PPGL554 30 M Single PCC

PPGL555 34 M Single PCC

PPGL556 35 M Single PCC

PPGL557 60 M Multiple PCC

PPGL558 10 NA Multiple TAP/PCC

PPGL559 37 NA Single PCC

PPGL560 9 NA Single PCC

PPGL561 54 NA Single PCC

PPGL562 42 NA Single Yes PCC

PPGL563 28 NA Single PCC

PPGL564 74 NA Single PCC

PPGL565 14 NA Multiple PCC/HN

PPGL566 44 NA Single PCC

PPGL567 32 NA Single Yes PCC

PPGL568 14 NA Multiple Yes TAP/PCC

PPGL569 56 NA Single PCC

PPGL570 27 NA Single PCC

PPGL571 25 NA Single PCC

PPGL572 9 NA Single PCC

PPGL573 32 NA Single PCC

PPGL574 43 NA Single PCC

PPGL575 NA NA Single PCC

PPGL576 55 NA Single PCC

PPGL577 40 NA Single PCC

PPGL578 NA NA Single PCC

PPGL579 71 NA Single PCC

PPGL580 41 NA Single PCC

PPGL581 42 NA Single PCC

PPGL582 20 NA Single TAP

PPGL583 60 NA Single PCC

PPGL584 63 NA Single TAP

PPGL585 NA NA Single PCC

PPGL586 NA NA Single PCC

PPGL587 NA NA Single PCC

PPGL588 NA NA Single PCC

PPGL589 NA NA Single PCC

PPGL590 NA NA Single PCC

PPGL591 NA NA Single PCC

PPGL592 NA NA Single PCC

PPGL593 NA NA Single PCC

PPGL594 NA NA Single PCC

PPGL595 NA NA Single PCC

PPGL596 NA NA Single PCC

PPGL597 17 NA Single TAP

PPGL598 32 NA Single PCC

PPGL599 30 NA Single PCC

PPGL600 22 NA Single TAP

PPGL601 53 NA Single PCC

PPGL602 21 NA Single PCC

PPGL603 14 NA Single PCC

PPGL604 39 NA Single PCC

PPGL605 53 NA Single PCC

PPGL606 29 NA Single Yes PCC

PPGL607 47 NA Multiple PCC

PPGL608 50 NA Single PCC

PPGL609 59 NA Single PCC

PPGL610 33 NA Single PCC

PPGL611 46 NA Single PCC

PPGL612 48 NA Single PCC

PPGL613 52 NA Single PCC

PPGL614 48 NA Single PCC

PPGL615 43 NA Single PCC

PPGL616 13 NA Single PCC

PPGL617 45 NA Single PCC

PPGL618 14 NA Single PCC

PPGL619 53 NA Single PCC

PPGL620 8 NA Single Yes TAP

PPGL621 42 NA Single PCC

PPGL622 51 NA Single PCC

PPGL623 61 NA Single PCC

PPGL624 19 NA Single PCC

PPGL625 39 NA Single PCC

PPGL626 NA NA Single Yes TAP

PPGL627 53 NA Single TAP

PPGL628 14 NA Single Yes TAP Yes

PPGL629 16 NA Single TAP

PPGL630 26 NA Single PCC

PPGL631 55 NA Single PCC

PPGL632 45 NA Single PCC

PPGL633 8 NA Multiple TAP
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PPGL634 17 NA Single Yes PCC

PPGL635 71 NA Single PCC

PPGL636 30 NA Single PCC

PPGL637 59 NA Single PCC

PPGL638 43 NA Single PCC

PPGL639 76 NA Single Yes TAP

PPGL640 28 NA Multiple PCC

PPGL641 47 NA Single HN

PPGL642 60 NA Multiple HN

PPGL643 48 NA Single HN

PPGL644 45 NA Multiple PCC

PPGL645 31 NA Single PCC

PPGL646 74 F Single  HN

PPGL647 56 F Single  HN

PPGL648 29 M Single  PCC

PPGL649 62 F Single  Yes NA

PPGL650 67 F Single  PCC

PPGL651 57 M Single  PCC

PPGL652 41 M Multiple TAP/PCC

PPGL653 69 F Single  PCC

PPGL654 52 F Single  PCC

PPGL655 43 F Single  PCC

PPGL656 22 F Single  PCC

PPGL657 37 F Single  PCC

PPGL658 45 F Single  PCC

PPGL659 48 F Single  PCC

PPGL660 16 M Single  PCC

PPGL661 72 M Single  TAP

PPGL662 59 F Single  PCC

PPGL663 56 F Single  PCC

PPGL664 48 M Single  PCC

PPGL665 80 F Single  PCC

PPGL666 62 M Single  PCC

PPGL667 37 M Single  PCC

PPGL668 21 F Single  TAP

PPGL669 57 F Multiple Yes TAP/PCC

PPGL670 59 M Multiple PCC

PPGL671 39 F Single  PCC

PPGL672 37 F Single  HN

PPGL673 43 F Single  PCC

PPGL674 71 F Single  PCC

PPGL675 31 F Single  PCC

PPGL676 53 F Single  TAP

PPGL677 35 F Single  PCC

PPGL678 48 M Single  PCC

PPGL679 74 F Single  PCC

PPGL680 39 M Single  PCC

PPGL681 47 F Single  PCC

PPGL682 26 F Single  TAP

PPGL683 26 F Single  PCC

PPGL684 44 M Single  PCC

PPGL685 47 M Single  TAP

PPGL686 36 M Single  PCC

PPGL687 40 M Single  Yes PCC

PPGL688 59 M Single  HN

PPGL689 59 M Single  TAP

PPGL690 72 F Single  TAP

PPGL691 32 M Single  PCC

PPGL692 56 M Single  PCC

PPGL693 46 F Single  PCC

PPGL694 60 F Single  HN

PPGL695 56 F Single  TAP

PPGL696 54 M Multiple PCC 

PPGL697 72 F Single  TAP

PPGL698 66 F Single  PCC

PPGL699 36 F Single  HN

PPGL700 62 F Single  PCC

PPGL701 60 F Single  HN

PPGL702 47 F Single  PCC

PPGL703 65 F Multiple PCC

PPGL704 57 M Single  PCC

PPGL705 32 F Single  Yes TAP

PPGL706 61 M Single  PCC

PPGL707 29 F Single  HN

PPGL708 24 M Single  PCC

PPGL709 40 F Multiple HN

PPGL710 44 F Single  HN

PPGL711 37 F Single  HN

PPGL712 33 M Single  PCC

PPGL713 41 M Single  PCC

PPGL714 26 F Single  PCC

PPGL715 45 F Single  PCC

PPGL716 51 F Single  PCC

PPGL717 34 F Single  PCC

PPGL718 75 M Single  TAP

PPGL719 55 F Single  PCC

PPGL720 16 F Single  TAP

PPGL721 55 M Single  PCC

PPGL722 44 M Single  PCC

PPGL723 31 M Single  TAP

PPGL724 54 M Single  PCC

PPGL725 66 M Single  PCC
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PPGL726 50 M Single  PCC

PPGL727 43 F Single  HN

PPGL728 NA F Single  PCC

PPGL729 59 M Single  PCC

PPGL730 NA F Single  PCC

PPGL731 36 M Single  PCC

PPGL732 47 M Single  PCC

PPGL733 42 F Single  PCC

PPGL734 48 M Single  PCC

PPGL735 74 M Single  PCC

PPGL736 41 F Single  PCC

PPGL737 21 F Single  PCC

PPGL738 35 F Multiple HN

PPGL739 33 M Multiple PCC

PPGL740 62 F Single  TAP

PPGL741 43 M Single  PCC

PPGL742 21 M Single  PCC 

PPGL743 59 F Single  PCC 

PPGL744 45 M Single  PCC

PPGL745 67 M Single  PCC

PPGL746 52 M Single  PCC

PPGL747 28 F Single  PCC

PPGL748 54 F Single  PCC 

PPGL749 66 M Single  PCC

PPGL750 40 F Multiple Yes TAP/PCC

PPGL751 77 F Single  HN

PPGL752 42 M Single  PCC

PPGL753 63 F Multiple HN

PPGL754 16 M Multiple PCC

PPGL755 43 M Single  HN

PPGL756 38 F Single  HN

PPGL757 69 M Single  HN

PPGL758 15 M Single  PCC

PPGL759 57 F Single  HN

PPGL760 32 M Single  PCC

PPGL761 47 M Single  Yes PCC

PPGL762 9 M Single  PCC

PPGL763 32 F Single  PCC

PPGL764 78 F Single  HN

PPGL765 60 F Single  HN

PPGL766 44 M Single  PCC

PPGL767 29 M Multiple TAP

PPGL768 48 F Single  HN

PPGL769 26 M Single  PCC

PPGL770 70 F Single  HN

PPGL771 59 F Single  HN

PPGL772 64 M Single  Yes TAP

PPGL773 51 F Single  HN

PPGL774 74 F Single  PCC

PPGL775 54 M Single  HN

PPGL776 47 F Single  PCC

PPGL777 50 F Single  TAP

PPGL778 53 F Single  HN

PPGL779 41 F Single  Yes PCC

PPGL780 62 F Single  PCC

PPGL781 25 F Single  TAP

PPGL782 26 F Single  TAP

PPGL783 40 M Single  PCC

PPGL784 35 M Single  PCC

PPGL785 53 F Single  HN

PPGL786 64 F Single  PCC

PPGL787 41 F Single  PCC

PPGL788 38 M Single  PCC

PPGL789 38 M Single  TAP

PPGL790 38 F Single  TAP

PPGL791 36 M Single  PCC

PPGL792 63 F Single  TAP

PPGL793 64 F Single  HN

PPGL794 58 F Single  TAP

PPGL795 52 M Single  HN

PPGL796 59 M Single  PCC

PPGL797 42 M Single  PCC

PPGL798 64 M Single  TAP

PPGL799 43 F Single  PCC

PPGL800 55 F Single  HN

PPGL801 33 F Single  HN

PPGL802 46 F Single  HN

PPGL803 45 M Single  PCC

PPGL804 43 M Multiple PCC

PPGL805 52 F Single  HN

PPGL806 63 F Single  HN

PPGL807 54 M Single  HN

PPGL808 70 M Single  PCC

PPGL809 47 M Single  TAP

PPGL810 NA M Single  PCC

PPGL811 76 F Single  TAP

PPGL812 45 M Single  TAP

PPGL813 59 M Single  HN

PPGL814 60 M Single  TAP

PPGL815 63 F Single  PCC

PPGL816 31 M Multiple Yes TAP

PPGL817 48 M Single  PCC
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PPGL818 64 M Single  PCC

PPGL819 70 F Single  Yes PCC

PPGL820 62 F Single  Yes HN

PPGL821 39 F Single  HN

PPGL822 63 M Single  HN

PPGL823 44 F Single  PCC

PPGL824 46 F Single  PCC

PPGL825 42 F Single  PCC

PPGL826 49 F Single  PCC

PPGL827 68 M Single  HN

PPGL828 78 F Single  PCC

PPGL829 65 F Single  PCC

PPGL830 50 F Single  HN

PPGL831 51 M Single  PCC

PPGL832 45 M Single  PCC 

PPGL833 44 M Single  PCC

PPGL834 66 M Single  Yes PCC

PPGL835 44 F Single  PCC

PPGL836 59 F Single  TAP

PPGL837 62 F Single  HN

PPGL838 58 F Single  PCC

PPGL839 42 F Single  PCC 

PPGL840 31 F Single  PCC

PPGL841 NA F Single  PCC

PPGL842 64 M Multiple TAP/PCC

PPGL843 20 M Single  Yes PCC

PPGL844 23 F Single  PCC

PPGL845 48 F Single  PCC

PPGL846 35 F Single  PCC

PPGL847 79 F Multiple PCC/HN

PPGL848 39 M Single  Yes PCC

PPGL849 43 F Single  PCC

PPGL850 43 F Single  PCC

PPGL851 53 F Single  PCC

PPGL852 49 M Single  PCC

PPGL853 52 F Single  PCC 

PPGL854 23 F Single  TAP

PPGL855 56 F Single  PCC

PPGL856 49 M Single  TAP

PPGL857 57 M Single  TAP

PPGL858 29 F Multiple PCC

PPGL859 41 F Single  TAP

PPGL860 70 M Single  Yes PCC

PPGL861 NA F Single  Yes NA

PPGL862 86 F Single  HN

PPGL863 38 F Single  PCC

PPGL864 35 M Single  PCC

PPGL865 44 F Single  PCC

PPGL866 56 F Single  Yes TAP

PPGL867 66 F Single  TAP

PPGL868 46 M Single  HN

PPGL869 54 F Single  PCC

PPGL870 51 M Single  TAP

PPGL871 72 F Single  HN

PPGL872 65 F Single  PCC

PPGL873 51 F Single  PCC

PPGL874 71 M Single  Yes TAP

PPGL875 25 F Single  PCC

PPGL876 82 M Single  TAP

PPGL877 NA F Single  Yes PCC

PPGL878 33 M Single  Yes TAP

PPGL879 56 M Single  PCC

PPGL880 41 NA Single  Yes PCC

PPGL881 56 F Single  PCC

PPGL882 24 F Single  Yes PCC

PPGL883 39 F Single  PCC

PPGL884 57 F Single  TAP

PPGL885 30 F Single  PCC

PPGL886 50 F Single  HN

PPGL887 40 F Single  PCC

PPGL888 14 F Single  TAP

PPGL889 39 F Single  PCC

PPGL890 40 M Multiple PCC

PPGL891 44 M Single  PCC

PPGL892 45 F Single  HN

PPGL893 50 F Single  PCC

PPGL894 43 F Single  HN

PPGL895 56 F Single  PCC

PPGL896 59 M Single  PCC

PPGL897 51 F Single  HN

PPGL898 70 F Single  HN

PPGL899 42 M Single  PCC

PPGL900 78 F Single  PCC

PPGL901 59 NA Single  PCC

PPGL902 53 F Single  TAP

PPGL903 64 F Single  PCC

PPGL904 64 M Single  PCC

PPGL905 60 F Single  TAP

PPGL906 64 F Single  HN

PPGL907 18 F Single  TAP

PPGL908 45 F Single  HN

PPGL909 78 F Single  HN
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PPGL910 60 M Single  PCC

PPGL911 58 F Single  TAP

PPGL912 71 F Single  TAP

PPGL913 31 F Single  TAP

PPGL914 65 F Multiple HN/TAP

PPGL915 65 F Single  HN

PPGL916 73 M Multiple PCC

PPGL917 67 F Single  TAP

PPGL918 63 F Single  HN

PPGL919 58 F Single  HN

PPGL920 15 M Multiple PCC

PPGL921 59 M Single  PCC

PPGL922 47 M Single  PCC

PPGL923 74 F Single  HN

PPGL924 60 F Single  HN

PPGL925 40 M Single  Yes PCC

PPGL926 28 M Single  TAP

PPGL927 70 F Single  HN

PPGL928 43 F Single  HN

PPGL929 46 M Single  HN

PPGL930 25 M Single  TAP

PPGL931 75 F Single  TAP

PPGL932 50 M Single  PCC

PPGL933 62 F Single  PCC

PPGL934 75 F Single  HN

PPGL935 74 F Single  HN

PPGL936 35 F Single  HN

PPGL937 49 M Single  TAP

PPGL938 59 M Single  PCC

PPGL939 24 F Single  HN

PPGL940 45 F Single  HN

PPGL941 NA F Single  PCC

PPGL942 67 F Single  HN

PPGL943 50 F Single  HN

PPGL944 NA F Single  PCC 

PPGL945 69 F Single  HN

PPGL946 66 F Single  PCC
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Number Age at diagnostic Sex Family history of VHL tumors Localization (1) Localization (2) Localization (3) Localization (4)

Multiple VHL tumors1 69 NA No PCC RCC

Multiple VHL tumors2 53 F No PCC PET

Multiple VHL tumors3 66 F No PCC PET

Multiple VHL tumors4 44 M No RCC PET

Multiple VHL tumors5 26 M No Multiple RCC

Multiple VHL tumors6 47 M No PCC RCC

Multiple VHL tumors7 23 M No PCC RCC

Multiple VHL tumors8 26 M No Multiple RCC

Multiple VHL tumors9 31 F No PCC RCC

Multiple VHL tumors10 48 M No RCC Epididymal cystadenoma

Multiple VHL tumors11 49 NA No Multiple RCC

Multiple VHL tumors12 49 NA No Multiple RCC

Multiple VHL tumors13 48 NA No Multiple RCC

Multiple VHL tumors14 81 NA No Multiple RCC Renal cyst

Multiple VHL tumors15 53 NA No Multiple RCC

Multiple VHL tumors16 57 NA No Multiple RCC

Multiple VHL tumors17 47 NA No Multiple RCC

Multiple VHL tumors18 44 NA No Multiple RCC

Multiple VHL tumors19 29 NA No RCC  Multiple renal cysts Multiple pancreatic cysts 

Multiple VHL tumors20 63 NA No Multiple RCC Pancreatic cyst

Multiple VHL tumors21 61 NA No PET Multiple RCC

Multiple VHL tumors22 NA F No RCC Multiple pancreatic cysts 

Multiple VHL tumors23 NA M No RCC Polycythemia

Multiple VHL tumors24 NA NA No RCC Polycythemia

Multiple VHL tumors25 81 M No PGL RCC

Multiple VHL tumors26 65 M No PGL TAP Multiple renal cysts

Multiple VHL tumors27 39 F No PCC Pancreatic cyst

Multiple VHL tumors28 47 M No PGL TAP PET

Multiple VHL tumors29 41 M No PCC RCC

Multiple VHL tumors30 55 M No PCC Multiple renal cysts

Multiple VHL tumors31 47 F No PCC PET

Multiple VHL tumors32 78 F No PCC Multiple renal cysts PET Pancreatic cyst

Multiple VHL tumors33 57 F No PCC RCC PET

Multiple VHL tumors34 NA M No PCC PET

Multiple VHL tumors35 63 M No PCC RCC

Multiple VHL tumors36 58 M No PCC RCC

Multiple VHL tumors37 61 F No PCC Pancreatic cyst

Multiple VHL tumors38 51 M No PCC RCC

Multiple VHL tumors39 63 M No Multiple RCC PET

Multiple VHL tumors40 69 M No RCC PET

Multiple VHL tumors41 43 F No Multiple pancreatic cysts 

Multiple VHL tumors42 NA M No Multiple RCC PET

Multiple VHL tumors43 NA F No RCC PET

Multiple VHL tumors44 58 F No Multiple PET

Multiple VHL tumors45 60 F No Multiple PET

Multiple VHL tumors46 NA M No Multiple renal cysts PET

Multiple VHL tumors47 56 M No Multiple renal cysts Multiple PET

Multiple VHL tumors48 NA F No Multiple pancreatic cysts

Multiple VHL tumors49 70 F No Multiple pancreatic cysts 

Multiple VHL tumors50 64 F No Multiple pancreatic cysts 

Multiple VHL tumors51 NA F No PET  Pancreatic cyst

Multiple VHL tumors52 49 F No RCC PET

Multiple VHL tumors53 63 F No Multiple PET

Multiple VHL tumors54 58 M No RCC PET

Multiple VHL tumors55 61 M No RCC PET

Multiple VHL tumors56 64 M No PET Pancreatic cyst

Multiple VHL tumors57 79 M No PCC RCC

Multiple VHL tumors58 NA M No Multiple PET

Multiple VHL tumors59 59 F No Multiple PET

Multiple VHL tumors60 NA M No Multiple PET

Multiple VHL tumors61 NA M No Multiple PET

Multiple VHL tumors62 64 M No Multiple PET

Multiple VHL tumors63 58 F No Multiple renal cysts PET

Multiple VHL tumors64 NA F No Multiple renal cysts PET

Multiple VHL tumors65 61 F No Multiple PET

Multiple VHL tumors66 76 F No RCC  Multiple PET

Multiple VHL tumors67 52 F No RCC PET

Multiple VHL tumors68 11 F Yes (Pancreatic cyst) PET Pancreatic cyst

Multiple VHL tumors69 69 NA No PGL TAP Polycythemia

Multiple VHL tumors70 55 F No PGL TAP Polycythemia

Single VHL tumor1 51 F No CNS hemangioblastoma

Single VHL tumor2 54 M No Multiple renal cysts

Single VHL tumor3 12 F No RCC

Single VHL tumor4 42 M No RCC

Single VHL tumor5 25 NA No Retinal hemangioblastoma

Single VHL tumor6 14 NA No Retinal hemangioblastoma

Single VHL tumor7 50 NA No CNS hemangioblastoma

Single VHL tumor8 35 NA No CNS hemangioblastoma

Single VHL tumor9 32 NA No Medulla hemangioblastoma

Single VHL tumor10 21 NA No CNS hemangioblastoma

Single VHL tumor11 17 NA No CNS hemangioblastoma

Single VHL tumor12 36 NA No CNS hemangioblastoma

Single VHL tumor13 22 NA No CNS hemangioblastoma

Single VHL tumor14 22 NA No CNS hemangioblastoma

Single VHL tumor15 14 NA No CNS hemangioblastoma

Single VHL tumor16 30 NA No CNS hemangioblastoma

Single VHL tumor17 35 NA No CNS hemangioblastoma 

Single VHL tumor18 22 NA No Retinal hemangioblastoma

Single VHL tumor19 33 NA No Retinal hemangioblastoma

Single VHL tumor20 37 NA No CNS hemangioblastoma

Single VHL tumor21 23 NA No CNS hemangioblastoma

Single VHL tumor22 16 NA No CNS hemangioblastoma

Single VHL tumor23 17 NA No Retinal hemangioblastoma

Single VHL tumor24 19 NA No CNS hemangioblastoma

Single VHL tumor25 NA NA No CNS hemangioblastoma 

Single VHL tumor26 29 M No Retinal hemangioblastoma

Single VHL tumor27 NA F No Endolymphatic sac tumor

Single VHL tumor28 39 M No RCC

Single VHL tumor29 25 F No Endolymphatic sac tumor

Single VHL tumor30 66 F No Multiple pancreatic cysts 

Single VHL tumor31 14 F No PET

Single VHL tumor32 41 F No Multiple pancreatic cysts 

Single VHL tumor33 22 F No Endolymphatic sac tumor

Single VHL tumor34 34 M No CNS hemangioblastoma 

Single VHL tumor35 18 M No Pancreatic cyst 

Single VHL tumor36 67 M No Multiple pancreatic cysts

Single VHL tumor37 58 M No Multiple renal cysts

Single VHL tumor38 38 F No Retinal hemangioblastoma

Single VHL tumor39 60 F No CNS hemangioblastoma 

Single VHL tumor40 30 F No Pancreatic cyst 

Single VHL tumor41 59 M No PET

Single VHL tumor42 40 F No Retinal hemangioblastoma

Single VHL tumor43 27 F No Retinal hemangioblastoma

Single VHL tumor44 71 F No Pancreatic cyst 

Single VHL tumor45 59 F No CNS hemangioblastoma

Single VHL tumor46 11 F No Retinal hemangioblastoma 

Single VHL tumor47 43 F No PET

Single VHL tumor48 34 F No PET

Single VHL tumor49 23 F No CNS hemangioblastoma

Single VHL tumor50 31 F No CNS hemangioblastoma 

Single VHL tumor51 NA M No Medulla hemangioblastoma

Supplementary Table S2: Individual clinical and tumor characteristics of patients in "VHL-like", "Multiple VHL tumors" and "Single VHL tumor" cohorts. M: male, F: female, RCC: renal carcinoma, PET: pancreatic endocrine tumor, CNS 

hemangioblastoma: central nervous system hemangioblastoma, HN: head and neck PPGL, TAP: thoracic, abdominal or pelvic PPGL, PCC: pheochromocytoma, NA: not available.
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Single VHL tumor52 78 F No CNS hemangioblastoma

Single VHL tumor53 NA F No PET

Single VHL tumor54 NA M No PET

Single VHL tumor55 NA M No CNS hemangioblastoma

Single VHL tumor56 NA F No Multiple pancreatic cysts

Single VHL tumor57 NA F No Pancreatic cyst 

Single VHL tumor58 42 F No CNS hemangioblastoma

Single VHL tumor59 NA M No Endolymphatic sac tumor

Single VHL tumor60 35 M No CNS hemangioblastoma

Single VHL tumor61 25 F No Multiple pancreatic cysts 

Single VHL tumor62 NA F No PET

Single VHL tumor63 37 M No Endolymphatic sac tumor

Single VHL tumor64 NA M No Multiple pancreatic cysts 

Single VHL tumor65 45 F No PET

Single VHL tumor66 40 M No Pancreatic cyst 

Single VHL tumor67 37 F No Multiple pancreatic cysts 

Single VHL tumor68 38 M No Multiple pancreatic cysts 

Single VHL tumor69 33 F No Pancreatic cyst 

Single VHL tumor70 37 M No Epididymal cystadenoma

Single VHL tumor71 42 F No Polycythemia

Single VHL tumor72 14 F No Polycythemia

Single VHL tumor73 14 M No Polycythemia

Single VHL tumor74 43 M No Polycythemia

Single VHL tumor75 NA M No Polycythemia

VHL-like1 53 NA Yes (RCC) PCC

VHL-like2 35 F Yes (CNS hemangioblastoma) RCC

VHL-like3 73 F Yes (RCC) RCC

VHL-like4 64 F Yes (RCC) RCC

VHL-like5 34 F Yes (RCC) RCC

VHL-like6 28 F Yes (RCC) RCC

VHL-like7 42 M Yes (RCC) RCC

VHL-like8 55 F Yes CNS hemangioblastoma

VHL-like9 45 M Yes (RCC) PET

VHL-like10 70 F Yes (RCC) PCC

VHL-like11 NA F Yes (PET) PGL HN

VHL-like12 21 F Yes (RCC) Bilateral PCC 

VHL-like13 24 F No Retinal hemangioblastoma RCC PCC

VHL-like14 35 NA No CNS hemangioblastoma RCC  

VHL-like15 54 NA No Medulla hemangioblastoma Multiple RCC PGL TAP

VHL-like16 34 NA Yes (CNS hemangioblastoma) CNS hemangioblastoma

VHL-like17 42 NA No Multiple medulla hemangioblastomas

VHL-like18 35 NA Yes (RCC) RCC  

VHL-like19 56 NA Yes (RCC) RCC  

VHL-like20 56 NA No Multiple CNS hemangioblastomas

VHL-like21 38 NA No Multiple CNS hemangioblastomas RCC  

VHL-like22 67 NA No Multiple CNS hemangioblastomas

VHL-like23 20 NA No Multiple CNS hemangioblastomas PET

VHL-like24 NA NA No Multiple retinal hemangioblastomas RCC  Pancreatic cyst

VHL-like25 43 NA Yes (CNS hemangioblastoma) CNS hemangioblastoma

VHL-like26 NA F No CNS hemangioblastoma Retinal hemangioblastoma

VHL-like27 NA F No Multiple retinal hemangioblastomas

VHL-like28 NA M No CNS hemangioblastoma PCC

VHL-like29 NA NA No CNS hemangioblastoma PCC Renal cyst

VHL-like30 NA NA No Multiple CNS hemangioblastomas

VHL-like31 NA NA No CNS hemangioblastoma Retinal hemangioblastoma Multiple pancreatic cysts 

VHL-like32 NA NA Yes (RCC) RCC

VHL-like33 NA M Yes (RCC) RCC

VHL-like34 NA F Yes (RCC) RCC

VHL-like35 NA NA Yes CNS hemangioblastoma

VHL-like36 NA F Yes CNS hemangioblastoma

VHL-like37 NA NA No CNS hemangioblastoma RCC

VHL-like38 36 F No Multiple retinal hemangioblastomas

VHL-like39 NA F Yes CNS hemangioblastoma Multiple retinal hemangioblastomas PCC Multiple RCC

VHL-like40 NA M Yes CNS hemangioblastoma Multiple retinal hemangioblastomas Multiple RCC

VHL-like41 NA F No CNS hemangioblastoma Multiple pancreatic cysts 

VHL-like42 NA F No Multiple retinal hemangioblastomas

VHL-like43 NA NA No CNS hemangioblastoma Retinal hemangioblastoma

VHL-like44 NA NA No CNS hemangioblastoma Retinal hemangioblastoma PCC

VHL-like45 NA NA No Multiple CNS hemangioblastomas

VHL-like46 NA F No CNS hemangioblastoma Multiple retinal hemangioblastomas Multiple RCC Multiple pancreatic cysts

VHL-like47 37 F Yes (RCC) RCC

VHL-like48 47 M No CNS hemangioblastoma RCC

VHL-like49 53 M Yes (RCC) RCC

VHL-like50 42 F No Medulla hemangioblastoma RCC

VHL-like51 NA F No Retinal hemangioblastoma PCC

VHL-like52 69 M No CNS hemangioblastoma RCC

VHL-like53 44 F No Retinal hemangioblastoma Pancreatic cyst

VHL-like54 78 M No CNS hemangioblastoma PCC

VHL-like55 55 F No CNS hemangioblastoma RCC

VHL-like56 50 F No CNS hemangioblastoma PGL TAP

VHL-like57 36 F No CNS hemangioblastoma PGL TAP PET Pancreatic cyst

VHL-like58 56 M No CNS hemangioblastoma PGL TAP

VHL-like59 49 F No Medulla hemangioblastoma PCC

VHL-like60 59 M No CNS hemangioblastoma PCC

VHL-like61 59 M No CNS hemangioblastoma PCC

VHL-like62 66 F No Medulla hemangioblastoma PCC

VHL-like63 67 F No CNS hemangioblastoma PCC

VHL-like64 33 M Yes (RCC) PCC

VHL-like65 29 F Yes (RCC) PCC

VHL-like66 15 F No CNS hemangioblastoma RCC

VHL-like67 NA M No CNS hemangioblastoma PET

VHL-like68 NA M No CNS hemangioblastoma PCC

VHL-like69 52 F Yes (RCC) PGL HN

VHL-like70 50 M Yes (RCC) PCC

VHL-like71 30 M Yes (RCC) PCC

VHL-like72 48 M Yes (RCC) PCC

VHL-like73 32 F No CNS hemangioblastoma PGL HN Renal cyst

VHL-like74 42 M No CNS hemangioblastoma PCC

VHL-like75 38 F Yes (RCC) PGL HN

VHL-like76 20 F No CNS hemangioblastoma PGL TAP
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