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ABSTRACT
Background  Von Hippel-Lindau (VHL) disease is an 
autosomal dominant genetic tumour syndrome with poor 
prognosis. The clinical manifestation was found to be 
more serious in affected offspring of patients with VHL 
disease, but the risk factors and survival for them have 
never been reported before. We aimed to explore how 
these patients were influenced by genetic and clinical 
factors.
Methods  In this retrospective study, we collected 372 
affected offspring of VHL patients from 118 unrelated 
VHL families. Patients were stratified into different groups 
based on sets of variables. The age-related risk, overall 
survival and central nervous systemhaemangioblastoma 
(CHB)-specific survival were analysed between different 
groups using Kaplan-Meier survival analysis and Cox 
regression analysis.
Results  The estimated median life expectancy and 
median age of onset for affected offspring of VHL 
patients were 66 years and 28 years, respectively. The 
later generation and patients with mutations in exon 3 
had an earlier onset age. The first presenting symptom 
was the only independent risk factor influencing overall 
survival and CHB-specific survival. Patients that the 
first presenting symptom is central nervous system 
(CNS) significantly had a lower life expectancy both in 
overall survival and CHB-specific survival analysis than 
abdominal lesions group.
Conclusion  This study indicated that affected offspring 
of VHL patients with CNS as the first presenting symptom 
was an independent risk factor for overall survival and 
CHB-specific survival. Generation and mutation region 
only had an effect on the onset age, which is helpful to 
clinical decision-making and generate a more precise 
surveillance protocol.

BACKGROUND
Von Hippel-Lindau (VHL) disease is an autosomal 
dominant disease caused by germline mutation 
of tumour suppressor gene VHL.1 2 Patients with 
VHL disease often develop multiple organ diseases, 
such as central nervous system (CNS) haeman-
gioblastoma (CHB), retinal haemangioblastoma 
(RA), renal cell carcinoma (RCC), pheochromocy-
toma (PHEO), pancreatic neuroendocrine tumour 
(PNET), endolymphatic sac tumours (ELSTs) 
and genital system disorder (GS) that included 

epididymal cystadenomas or broad ligament cysta-
denomas. In recent years, clinical manifestation 
in other rare parts such as liver adenomas or lung 
haemangioblastomas have also been reported.3–5 
The VHL patients had an earlier onset age than 
other sporadic tumours. In addition, patients with 
VHL disease would develop multiple and recur-
rent tumors across the life course and this would 
improve the risk of death. Thus, the prognosis of 
VHL patients remains poor despite the continuous 
development of medical technology, which brings a 
substantial psychological and economic burden to 
the patients.2 6

The survival of patients with VHL disease is 
significantly worse than that of the general popula-
tion. In a retrospective study in Danish population, 
the hazard of death in VHL patients was four times 
than their non-VHL sibling.7 VHL patients with a 
positive family history (PFH) had a lower life expec-
tancy when compared with other VHL patients. In 
our previous study, among the VHL patient popu-
lation, 80% of them had a PFH and others carried 
de novo mutation.8 Patients with PFH should have 
longer life expectancies because of more active 
surveillance plan for the affected offspring, but the 
study showed that patients with PFH had a mortality 
hazard that were twice as patients with a negative 
family history.8 Genetic anticipation, which means 
affected offspring are affected at an earlier age 
or manifest more serious presentations than their 
parents, may partially account for this phenom-
enon.9 In addition to this, some Chinese parents’ 
attention to the clinical outcomes of their affected 
offspring even outweighed themselves because of 
limited economic resources of the entire family. 
Unfortunately, though risk factors for patients with 
VHL disease had been reported before, the survival 
and risk factors for their affected offspring have 
never been studied all over the world.

The loss of the VHL protein function plays a 
crucial role in tumour development. VHL protein 
is an important E3 ligase, among which the most 
important substrate is HIF protein. The mutation 
or deletion of VHL gene will increase the accumu-
lation of HIF and then activate the downstream 
hypoxia-induced related genes, leading to the 
occurrence and development of tumours.10 Also, 
VHL protein could regulate other non-HIF-α inde-
pendent proteins to promote the development of 
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tumours such as TBK1, SFMBT1 and ZHX2.11–13 Genotype of 
VHL disease was related to patients’ phenotype and survival in 
some studies. The different mutation types or mutation sites 
could affect the interaction between the VHL and other mole-
cules to cause disease progression.14 15

At present, though there were a few cancer surveillance proto-
cols for VHL patients and their affected offspring have been 
developed, most of which are based on expert experiences.16 In 
the present study, we screened clinical data and summarised clin-
ical features of affected offspring in VHL diseases. Furthermore, 
age-related risk, overall survival and CHB-specific survival 
analysis were conducted to find independent influence factors 
of these patients. This study will improve clinical counselling, 
management and follow-up for affected offspring of patients 
with VHL disease, which will provide support for elaborating 
more precise surveillance.

METHODS
Patients and clinical data
A retrospective study was performed with all VHL patients 
enrolled in Peking University First Hospital during September 
2010 to September 2020 (the only international VHLA Clinical 
Care Center in China). All VHL patients met one of the two 
criteria for diagnosis: (1) VHL germline mutation was identified 
by gene analysis. (2) The patients’ symptoms met the clinical 
diagnosis of VHL disease and at least one person in this family 
met the genetic diagnosis.17 There were 605 patients with VHL 
disease enrolled in this study initially, 9 patients were excluded 
because of incomplete clinical data. Then, 224 first generation 
VHL patients in families were excluded. Finally, the 372 affected 
offspring of patients with VHL disease from 118 unrelated fami-
lies were included in this study (online supplemental figure 1).

Among the 372 affected offspring of patients with VHL 
disease, 318 (85.5%) patients had VHL-related clinical symp-
toms and the remaining patients were asymptomatic during 
follow-up. According to the clinical criteria, the VHL patients 
were divided into two different cohorts: patients with VHL 
type 1 predominantly without PHEO and VHL type 2 predomi-
nantly with PHEO.18 Among the 372 patients, 322 patients were 
divided into VHL type 1 and the others 50 patients were divided 
into VHL type 2.

Genetic testing
The genomic DNA was extracted from peripheral blood leuco-
cytes of all suspicious VHL patients using DNA extraction kit 
(Tiangen, China). VHL germline mutational status was deter-
mined by PCR amplification using previously described VHL 
primers and the PCR production was analysed by Sanger 
sequencing.19 The VHL mutational status mainly included 
missense mutation, small insert or deletion, frame shift and 
splice site mutation. For large fragment deletion, multiplex 
ligation-dependent probe amplification (MLPA) analysis was 
performed to identify mutational status using MRC Holland 
(Amsterdam, The Netherlands) SALSA MLPA probe according 
to the instruction. All results were reviewed by two different 
people to avoid wrong judgements. Mutation spectrum of the 
372 affected offspring of patients with VHL disease is shown in 
online supplemental table 1.

All affected offspring of VHL patients were divided into 
two groups: missense mutation (all point mutation except stop 
mutation) and truncating mutation (stop mutation, nonsense 
mutation, small deletion and insert, splice site mutation, large 
fragment deletion). Afterwards, according to the location of 

mutation, patients were further categorised into exon 1 muta-
tion, exon 2 mutation, exon 3 mutation and the other group 
(large fragment deletion or splice site mutation).

Statistical analysis
We included a total of 372 VHL patients in overall survival 
analysis and CHB-specific survival analysis. Kaplan-Meier (KM) 
curve, univariate and multivariate Cox regression model analysis 
were used in different groups of sex, mutation type, the loca-
tion of mutation, VHL classification, the number of generation, 
onset age. According to the median age of onset of patients with 
symptoms, we divided the patients into two different cohorts: 
early-onset cohort and late-onset cohort. In the first presenting 
symptom analysis, because RA and CHB were of the same origin 
in the embryonic stage and retina is an important section of 
CNS, CHB and RA were combined as CNS group. Equally, RCC, 
PHEO, PCL and PNET were combined as abdominal group 
because most of them were noted on imaging examinations at 
the same time. All of the statistical results were conducted using 
the statistical software programmes (SPSS and GraphPad Prism 
8) and p values <0.05 were considered statistically significant.

RESULTS
Clinical characteristics of affected offspring
One hundred twenty-nine (40.9%) patients developed CHBs 
as the first of manifestation followed by RAs, RCC, pancreatic 
cystic lesion, PHEO, genital system. Of the 64 patients who had 
manifestations in different systems when they were first diag-
nosed, 29 patients were observed only in CNS or abdomen, 35 
patients were detected simultaneously in both the CNS and the 
abdomen (table 1). The distribution of the age frequency at last 
follow-up for patients and the distribution of the onset age in 
the two different first presenting symptom cohorts are shown 
in online supplemental figure 2. The median years of age at the 

Table 1  Clinical characteristics of the affected offspring

Patients (n) Patients (n)

Overall 372 Onset

Unrelated families 118  � Affected 317 (85.5%)

Sex  � Unaffected 55 (14.5%)

 � Male 214 (57.5%) Onset age

 � Female 158 (42.5%)  � ≤28 years 172 (54.4%)

Mutation type  � >28 years 145 (45.6%)

 � Missense 187 (50.3%) First lesion

 � Truncating 185 (49.7%)  � CHB 129 (40.7%)

VHL classification type  � RA 40 (12.7%)

 � Type 1 322 (86.6%)  � RCC 28 (8.8%)

 � Type 2 50 (13.4%)  � PHEO 16 (5.0%)

Mutation region  � PCL 26 (8.2%)

 � Exon 1 162 (43.6%)  � GS 14 (4.4%)

 � Exon 2 48 (12.9%)  � SO 64 (20.2%)

 � Exon 3 86 (23.1%)  � CNS or abdomen 29

 � Other 76 (20.4%)  � CNS and abdomen 35

Generation Death and cause

 � 2 249 (66.9%)  � CHB 47 (75.8%)

 � 3 109 (29.3%)  � RCC 11 (17.7%)

 � 4 14 (3.8%)  � Others 4 (6.5%)

CHB, central nervous system haemangioblastoma; CNS, central nervous system; GS, 
genital system (epididymis or broad ligament); PCL, pancreatic cystic lesion; PHEO, 
pheochromocytoma; RA, retinal haemangioblastoma; RCC, renal cell carcinoma; SO, 
simultaneous onset; VHL, von Hippel-Lindau.
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onset of tumours in CNS groups and abdominal groups were 25 
and 28 years. The age at the onset of VHL-related manifestations 
is shown in table 2. The first manifestation presenting in CNS 
patients tend to have a much earlier disease onset age. Although 
the first manifestation presenting in abdominal patients had a 
later onset age, most of them concentrated on age 20–30 years. 
The distribution of each mutated residue of VHL protein is 
shown in figure 1A, except that mutation is large fragment dele-
tion or splice site mutation. High-frequency mutation site is 
amino acid 167 and followed by amino acid 65.

The mean age of onset was 28.44±12.08 years and the median 
age of onset was 28 years in those affected offspring. The pene-
trance percentage of affected offspring was 98.17% before the 
age of 60 years. The average survival age was 36.81±15.11 years 
and the median survival age was 66 years (figure  1B). In the 
present study, there were 62 deaths. Of these, 47 patients died 
because of CHB. There were 11 deaths because of RCC and 4 
deaths from other reasons (1 death from PNETs and 3 deaths 
from other diseases).

Influence factors for age-related risk
For different generations, the results showed that there was 
earlier onset age for younger generation (online supplemental 
figure 3). However, there was no difference between the third 
generation and the fourth generation (p=0.418). Because the 

number of the fourth generation patients was too small, the 
third and fourth generation patients were combined as one 
group for further analysis. The results showed that the third and 
fourth generation had earlier onset age than the second gener-
ation (p<0.001). Furthermore, patients with truncating muta-
tion had earlier onset age than patients with missense mutation 
(p=0.022). Meanwhile, the location of mutation site also influ-
enced the status of onset age. The results showed that patients 
with exon 1 mutation had the latest onset age compared with 
other groups (table 3). The sex and type of VHL disease does not 
affect onset age in our analysis.

Multivariate Cox regression analysis suggested that the 
number of generation and the location of mutation site were the 
independent risk factors of onset age. The onset time of younger 
group was about three times later than that of the previous 
generation (HR 2.901, 95% CI 2.213 to 3.804, p<0.001). 
When compared with the different generation groups, the mean 
onset age was earlier in the later generation and the distribution 
of onset age was more concentrated (online supplemental table 
2). Significantly, the mean onset age of RA was the youngest in 
all different generation groups. The minimum age of first discov-
ered RA could reach 2 years. Also, the proportion of GS was 
increasing in next generation. For different mutation region 
groups, exon 1 group had the latest onset age and there were 
significant differences between exon 1 and exon 3 group (HR 
1.555, 95% CI 1.169 to 2.069, p<0.05).

Risk factors for overall survival
KM curve analysis showed that different mutation types, VHL 
classifications, onset age groups and the sites of first presenting 
symptoms could influence the overall survival (p<0.05, online 
supplemental figure 4). The risk of death in truncating mutation 
group was almost 1.829 times when compared with missense 
mutation group (p=0.021) (table 4). Also, VHL type 2 group 
had better prognosis than VHL type 1 group (p=0.011). The 
analysis demonstrated that the earlier onset age group had a 
higher hazard of death (HR 1.821, 95% CI 1.051 to 3.154, 
p=0.030). The rate of death in CNS group was higher than 
that in abdominal group (p=0.001). Subsequently, multivariate 
Cox regression model was performed, only the sites of different 
first presenting symptom groups could independently influence 
overall survival. Patients in CNS group demonstrated a poorer 
survival than those in abdominal group. The risk of death in 
CNS group was about 2.2 times than that in abdominal group 
(HR 2.273, 95% CI 1.142 to 4.524, p=0.019).

Features and risk factors for CHB-specific survival
CHB is the primary cause of death in the VHL patients, so we 
further analysed the features and the risk factors for CHB-specific 
death patients. The median time for CHB-specific survival and 
RCC-specific survival was not reached (online supplemental 
figure 5A,B). However, the results showed that the median age 
for CHB-specific death was 36 years and for RCC-specific death 
was 49 years. Among 220 patients with CHB, 46 of them died 
of CHB and 5 patients died of RCC. Among 167 patients with 
RCC, 10 patients died of RCC and 11 patients died of CHB. 
CHB was the most common cause of death than RCC in affected 
offspring of VHL patients.

In the KM curve analysis, the VHL type and the site of first 
presenting symptom were associated with CHB-specific survival 
(online supplemental figure 5C–F). The type 2 VHL patients 
seems to have a more favourable survival than type 1 VHL 
patients (p=0.029). Meanwhile, patients in CNS group had a 

Table 2  Age at the onset of VHL-related manifestations

Manifestations Mean±SD Median (range)

CHB (59.1%) 29.5±11.0 28.0 (10–66)

RA (19.9%) 24.8±11.0 23.0 (2–55)

RCC (43.3%) 36.4±10.9 34.0 (14–74)

PCL (40.6%) 33.4±11.0 32.0 (10–66)

PHEO (13.4%) 31.7±11.9 31.5 (8–66)

GS (6.5%) 21.4±11.2 19.0 (4–56)

CHB, central nervous system haemangioblastoma; GS, genital system (epididymis 
or broad ligament); PCL, pancreatic cystic lesion; PHEO, pheochromocytoma; RA, 
retinal haemangioblastoma; RCC, renal cell carcinoma; VHL, von Hippel-Lindau.

Figure 1  Genotype, age-related penetrance and overall survival 
of affected offspring. (A) The number of cases and families with VHL 
mutations on each residue of pVHL. (B) The penetrance of patients and 
the overall survival of patients. pVHL, von Hippel-Lindau protein; VHL, von 
Hippel-Lindau.
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poor survival than other groups (p<0.001). In the multivar-
iate analysis, the site of first presenting symptom was the only 
independent risk factor that influenced CHB-specific survival in 
affected offspring of VHL patients (table 5). According to our 
findings, the risk of CHB-specific death in CNS group would 
increase to 5.394 times than others affected by abdominal 
tumours (HR 5.394, 95% CI 1.910 to 15.232, p=0.001).

DISCUSSION
The main causes of death for VHL disease were CHB (41%–
60%) and RCC (27%–47%).6 7 20 21 In our previous study, CHB 
accounted for 66.2% of death patients in all patients with VHL 
disease.22 However, for affected offspring of VHL patients, the 
cause of death for CHB is 75.8% and for RCC is 15.7%. Our 
result further demonstrated that CHB has become the main 
cause of death especially for those patients diagnosed in recent 
decades. This may be caused by increasing awareness of clinical 
surveillance, evolving clinical detection technique and contin-
uous improvement management strategy for these patients.23 
According to the results, there were significant differences in 
survival between VHL parents and affected offspring. We further 
explored the clinical features and risk factors for survival in 
affected offspring of VHL patients.

We found that VHL penetrance was 98.17% at the age of 60 
for the affected offspring. This is much similar with previous 
study and penetrance has been reported to be 87%–100%.20 24 
In our study, 14.5% (55 of 372) of the patients were asymp-
tomatic mutation carriers, while other studies were 0.5%–14%.7 
This may be because there was a higher proportion of young 

people in our cohort. The onset age of CHB was also earlier than 
RCC, which is consistent with recent research.25 In the previous 
study, the mean onset age was 31.2±12.8 years. We could 
conclude that the mean onset age was slightly earlier in affected 
offspring when compared with the whole VHL patients.9 With 
the progress of techniques, the imaging examination and genetic 
testing have become the main diagnostic approach for VHL 
disease, which may explain the result. Furthermore, in multi-
variate analysis of onset age, later generation and exon 3 group 
showed an earlier onset age. Genetic anticipation is one of the 
most common phenotypes for hereditary disease, which means 
the next generation having an earlier onset age and more serious 
symptoms than their parents.26 27 The mechanism for genetic 
anticipation in VHL disease may be related to the telomere 
length. VHL children showed significantly shorter telomere 
length than their patients,9 28 though this conclusion needed 
further verification. Interestingly, we first descripted that exon 3 
group showed an earlier onset age than other affected offspring. 
The region of exon 1 mainly corresponds to the binding site 
of HIF-α and the region of exon 3 mainly corresponds to the 
binding site of Elongin C which could make up VCB complexes. 
Previous study showed that the binding site of VCB complex 
could influence more molecules about tumour formation, which 
may relate to earlier onset age.14

Patients with CNS symptoms as the first manifestation had 
a lower life expectancy both in overall survival and in CHB-
specific survival analysis. This result can be explained by devel-
opment of advanced diagnosis technologies and treatment 
strategies such as targeted therapy, immune therapy and some 

Table 3  Univariate and multivariate analysis for age-related risk

Variables

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Generation (4 and 3 vs 2) 2.590 (1.990 to 3.372) <0.001 2.901 (2.213 to 3.804) <0.001

Mutation (truncating mutation vs missense mutation) 1.280 (1.026 to 1.596) 0.029 1.204 (0.899 to 1.613) 0.212

Classification (VHL type 2 vs VHL type 1) 1.159 (0.855 to 1.572) 0.341

Sex (female vs male) 0.984 (0.787 to 1.232) 0.891

Mutation region 0.042 0.014

 � Exon 2 vs exon 1 1.368 (0.975 to 1.919) 1.406 (0.951 to 2.077)

 � Exon 3 vs exon 1 1.318 (0.995 to 1.745) 1.555 (1.169 to 2.069)

 � Other vs exon 1 1.469 (1.081 to 1.996) 1.442 (0.994 to 2.092)

Significant p values (p<0.05) are bolded.
VHL, von Hippel-Lindau.

Table 4  Univariate and multivariate analysis for risk factors of overall survival

Variables

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Generation (4 and 3 vs 2) 1.377 (0.668 to 2.836) 0.386

Mutation (truncating mutation vs missense mutation) 1.829 (1.096 to 3.052) 0.021 1.435 (0.815 to 2.526) 0.211

Classification (VHL type 2 vs VHL type 1) 0.253 (0.079 to 0.807) 0.020 0.420 (0.126 to 1.402) 0.159

Sex (female vs male) 0.881 (0.526 to 1.477) 0.632

Mutation region 0.550

 � Exon 2 vs exon 1 1.052 (0.499 to 2.217)

 � Exon 3 vs exon 1 0.654 (0.319 to 1.341)

 � Other vs exon 1 1.185 (0.603 to 2.327)

Onset age (≤28 vs >28) 1.821 (1.051 to 3.154) 0.033 1.490 (0.831 to 2.671) 0.181

First symptom (haemangioblastoma vs abdomen) 2.908 (1.495 to 5.653) 0.002 2.273 (1.142 to 4.524) 0.019

Significant p values (p<0.05) are bolded.
VHL, von Hippel-Lindau.
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novel drugs for RCC.29 Also, affected offspring of VHL patients 
performed more active clinical surveillance for their symptoms 
and selected surgical intervention when the RCC diameter 
is   >3 cm or before metastases. However, although CHB is a 
benign tumour, its cystic characteristics and associated peritu-
moural oedema often leads to high mortality.30 31 For overall 
survival and CHB-specific survival, neither generation nor onset 
age was an independent factor in analysis. Meanwhile, we anal-
ysed the influence of generation and onset age for RCC-specific 
survival, which is another significant cause of death. The results 
showed that there were no risk factors for RCC-specific survival 
(online supplemental table 3). The later generation was associ-
ated with the earlier onset age in this study. According to the 
‘second-hit’ model of VHL disease, both generation and onset 
age should have an effect on overall survival and CHB-specific 
survival because of longer pathogenesis process and higher risk 
for loss of function of the VHL allele. Indeed, our previous 
study revealed that onset age was an independent risk factor 
in two different survival analysis. However, our results did not 
show statistical significance between different onset age groups 
in affected offspring of VHL patients. We could attribute this 
discrepancy to that the VHL patients paid more attention to 
their children because of their own experiences and earlier onset 
symptom so that influence was reduced for both factors.

Type 2 patients only showed difference in univariate CHB-
specific survival analysis. It seems that type 2 patients had a 
more favourable CHB-specific survival, which may attribute to 
low risk of developing CHB in type 2 patients than in type 1 
patients (46.0% vs 61.2%) in this study. The previous study also 
revealed that type 1 VHL patients were associated with a higher 
risk of retinal and CNS.32 In multivariate Cox analysis, there was 
no difference between two groups. Patients with VHL disease 
could move from type 1 to type 2 during the follow-up period, 
which may relate to outcomes of patients. When compared with 
different mutation types, there seems to be a significantly higher 
death rate for truncating mutation carriers in univariate analysis. 
However, there was no difference in multivariate Cox analysis. 
Although this can be partly explained by heavier tumour burden 
and higher risks of CHB in truncating mutation carriers, the 
influence of first symptoms may play a decisive role especially in 
those affected offspring of VHL patients. Some study reported 
that the sex of patients may relate to survival, but we did not 
draw this result in our study.7

In summary, we could conclude that the site of the first 
presenting symptom was the biggest risk factor in affected 

offspring of VHL disease. Our previous study suggested that 
haemangioblastoma instead of RCC plays a major role in the 
overall survival of patients with VHL disease. The similar results 
was found in their affected offspring. When we performed active 
surveillance for affected offspring, maybe we should put more 
effort on haemangioblastoma. Pharmacological and surgical 
improvement are more necessary for VHL-related haemangio-
blastoma when compared with RCC. There were some limita-
tions that may cause unintentional biases in our study such as the 
small number of patients and the nature of retrospective study.

To our knowledge, this is the first survival analysis for affected 
offspring of VHL disease patients in the world. We found that 
the median life expectancy of these patients is 66 years, which is 
longer than total VHL disease cohorts. Generation and mutation 
site are independent risk factors for onset age. Patients with CNS 
as the first presenting symptom not only had effect on overall 
survival but also on CHB-specific survival. For VHL patients, 
affected offspring of VHL patients account for a large propor-
tion in Chinese and there was no refined management strategy 
for them. Our findings may help guide a more elaborate clinical 
counselling and decision-making for different VHL patients.
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