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Abstract. Von Hippel-Lindau (VHL) disease is a genetic
syndrome that involves the development of tumors in
numerous organs. The kidney is one of the most frequently
affected organs, and patients with VHL and renal tumors
require repeated nephrectomy. The present study aimed to
further determine the clinicopathological characteristics of
patients with VHL-associated renal cell carcinoma (RCC),
which may allow more rational clinical treatment decisions.
This study included 27 patients with VHL who underwent
radical or partial nephrectomy at the Peking University First
Hospital between January 2010 and April 2018. The clinico-
pathological characteristics and prognosis of the patients were
retrospectively reviewed. The expression of RCC-associated
molecular markers was evaluated by immunohistochemistry.
The mean size of the renal tumors was 4.3+2.0 cm (range
1.3-9.5 cm). The pathological type in 26 cases (96.3%) was
clear cell RCC (CCRCC), whereas only one patient was diag-
nosed with CCRCC and clear cell papillary RCC. Renal cysts
with a clear cell lining were observed, and RCC cell clusters
were scattered in renal cyst cavities. Among the 27 patients,
21 (77.8%) were diagnosed with stage IA/T1INOMO, according
to Tumor-Node-Metastasis staging, and 16 (59.3%) had
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grade 1 tumors. The mean postoperative follow-up duration
was 39.0+24.0 months (range, 1.7-96.5 months). No metastasis
or VHL-associated mortality was observed. VHL-associated
RCC is a relatively low-risk disease, and a tumor size of 4 cm
was determined as a threshold for nephron-sparing surgery. In
addition, to prevent tumor cell dispersion, renal cysts should be
carefully treated. A comprehensive understanding of the clini-
copathological characteristics and underlying mechanisms of
RCC associated with VHL syndrome may improve patient
prognosis.

Introduction

Von Hippel-Lindau (VHL) disease (Online Mendelian
Inheritance in Man no. 193300; https:/www.omim.
org/entry/193300) is an autosomal dominant inherited multi-
systemic tumor syndrome, which causes mutations of the tumor
suppressor gene VHL located on chromosome 3p25-26 (1).
The incidence of VHL syndrome is ~1/36,000-52,000 births
worldwide, with a penetrance of ~90% at 65 years old in
families with a history of VHL (2-4). VHL clinical manifes-
tations include central nervous system hemangioblastoma,
retinal hemangioblastoma, renal cell carcinoma (RCC),
pheochromocytoma (PHEO), pancreatic cysts or tumors,
endolymphatic sac tumors and epididymal or broad liga-
ment cystadenoma (5,6). Based on these clinical symptoms,
VHL syndrome is classified as clinical type I (PHEO-free) or
clinical type II (PHEO). In addition, type II is subclassified as
type IIA (absence of RCC), type IIB (presence of RCC) and
type IIC (PHEO only) (7-9). The kidney is one of the numerous
organs affected by VHL syndrome, and the incidence of RCC
or renal cysts in VHL syndrome is 30-60% (10). The majority
of patients with VHL have multiple bilateral kidney lesions
and require numerous surgeries across their lifetime. However,
repeated surgeries increase the risk of renal dysfunction or
uremia, which eventually lead to dialysis treatment or renal
transplantation. It is therefore crucial to establish the optimal
time point for surgery, in order to minimize the number of
procedures, to preserve kidney integrity as long as possible
and to improve patient quality of life. Medical advances and a
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deeper comprehension of VHL disease have allowed median
survival time to increase from 49 to 62 years (3,11). A better
understanding of the clinicopathological characteristics and
prognosis of VHL-associated hereditary RCC may therefore
aid clinicians in making more rational treatment decisions for
patients with VHL.

In the present study, 27 patients diagnosed with VHL
according to established clinical criteria and genetic tests
were included. Clinical characteristics were collected, and
pathological features were reevaluated according to the latest
diagnostic criteria in order to improve our understanding of
VHL syndrome.

Materials and methods

Patients and tumor samples. A total of 27 patients with
VHL who underwent radical or partial nephrectomy at
Peking University First Hospital (Beijing, China) between
January 2010 and April 2018 were included in the present study.
Patients were definitively diagnosed with VHL according to
clinical criteria and genetic tests performed on peripheral
blood prior to surgery. The present study was approved by
the Institutional Ethics Committee of Peking University
First Hospital (Beijing, China). All patients provided written
informed consent.

Patients with VHL with one of the following clinical
diagnostic criteria were included: i) >1 hemangioblastoma in
the central nervous system (CNS) or retina; ii) a single heman-
gioblastoma in the CNS or retina combined with a visceral
complication, including multiple renal, pancreatic or hepatic
cysts, PHEO or renal cancer, with the exception of epididymal
and renal cysts; and iii) any of the aforementioned clinical
symptom plus a family history of VHL (7,12). A genetic test
was performed by direct sequencing of polymerase chain
reaction products using multiplex ligation-dependent probe
amplification (13). The results were compared with the normal
sequence (13).

The clinicopathological characteristics of patients
included in the present study comprised sex, age, affected
organs, VHL mutation site, nucleotide and protein altera-
tions, surgical procedure, tumor size, pathological type
[according to the 2016 World Health Organization (WHO)
Kidney Tumor Classification] (14), tumor stage
[2010 American Joint Committee on Cancer Kidney Cancer
Tumor-Node-Metastasis (TNM) Classification] (15), tumor
grade [2016 WHO/International Society of Urological
Pathology (ISUP)] (14) and prognosis. The tumor pathological
type and grade were reevaluated according to the latest
diagnostic pathology criteria.

Hematoxylin and eosin (H&E) staining and immunohisto-
chemistry (IHC). Tissue sections (thickeness, 4 ym) were fixed
in 10% formalin-fixed at room temperature for 24-48 h. The
paraffin-embedded RCC specimens were subjected to hema-
toxylin & eosin (H&E) staining at 4°C for 20 h, and examined
by light microscopy (BX43; Olympus Corporation, Tokyo,
Japan). The expression of RCC-associated molecular markers,
including cluster of differentiation 10 (CD10), carbonic
anhydrase 9 (CAIX), cytokeratin 7 (CK7) and Ki-67, was
evaluated by IHC, as previously described (16). The primary
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antibodies against CD10 (cat. no. ZM-0283; 1:150), CAIX
(cat. no. ZM-0161; 1:150), CK7 (cat. no. ZM-0071; 1:150) and
Ki-67 (cat. no. ZM-0166; 1:150) were purchased from OriGene
Technologies, Inc. (Beijing, China). Tissues were subsequently
incubated with poly-peroxidase-conjugated anti-rabbit/mouse
immunoglobulin G secondary antibody (cat. no., PV-9000;
200 ul/per slice; OriGene Technologies, Inc.) at room
temperature for 1 h. The H&E and THC stained sections were
independently analyzed by two qualified pathologists.

The expression of RCC-associated molecular markers
was semi-quantitatively assessed. A total of 10 representative
fields of vision were randomly selected under high magnifica-
tion (x400). The percentage of positive cells was determined as
follows: % positive cells = (number of positive cells/number of
total cells) x100. The score was defined as negative (-), focally
positive (+), moderately positive (++) and strongly positive (+++)
for 0-5, 6-10, 11-50 and 51-100% positively stained cells, respec-
tively. The expression levels of RCC-associated molecular
markers were divided into two groups according to the afore-
mentioned scores as follows: Low/negative expression (-, +) and
high expression (++, +++).

Results

Clinical characteristics. In the present study, 27 patients with
VHL from Peking University First Hospital were included
(Table I). These patients comprised 13 (48.1%) men and
14 (51.9%) women. The mean age at the time of surgery was
42.0+14 9years (range,23.3-71.6 years). The majority of patients
exhibited tumors in multiple organs (Fig. 1). According to the
VHL clinical classification, 21 (77.8%) patients were defined as
clinical type I, and six (22.2%) patients were defined as clinical
type IIB. Additional genetic testing clarified that the number
of patients who presented with VHL mutation on exon 1,2 or 3
and on introns was nine (33.3%), seven (25.9%), 10 (37.0%)
and two (7.4%), respectively. The majority of patients (14/27,
51.9%) had missense mutations, six (22.2%) had large dele-
tions, three (11.1%) had nonsense mutations, two (7.4%) had
frameshift mutations and two (7.4%) had splicing mutations.
In addition, 19 patients underwent partial nephrectomy (open
or laparoscopic-assisted in 12 and seven cases, respectively).
Nephron-sparing surgery was the conventional therapy for
VHL-associated RCC.

Pathological features. In the 27 patients with VHL, the
mean size of the renal tumors was 4.3+2.0 cm (range,
1.3-9.5 cm; Table II). The pathological type of 26 (96.3%)
cases was clear cell RCC (CCRCC). Open partial nephrec-
tomy was conducted in one patient, and four renal tumors
were resected. The pathological type of three tumors was
CCRCC (Fig. 2), whereas the fourth tumor was diagnosed
as clear cell papillary RCC (CCPRCC), according to IHC
staining that indicated the following: CAIX (+++, goblet cell
staining), CK7 (+++), CDI10 (-) and P504S (-) (Fig. 2). The
number of patients with TNM stages T1aNOMO, T1bNOMO,
T2NOMO and T3NOMO was 14 (51.9%), seven (25.9%), two
(7.4%) and four (14.8%), respectively. According to the
2016 WHO/ISUP guidelines, the number of patients with
tumor grades 1, 2 and 3 was 16 (59.3%), eight (29.6%) and
three (11.1%), respectively. In addition, renal cyst walls were
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Table I. Clinical characteristics of the 27 patients with VHL-
associated hereditary renal cell carcinoma.
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Table II. Pathological features of the 27 patients with
VHL-associated hereditary renal cell carcinoma.

Clinical characteristics Value Pathological features Value

Sex, n (%) Tumor size, cm
Male 13 (48.1) Mean 43+20
Female 14 (51.9) Range 1.3-95

Age, years Pathological type, n (%)

Mean + SD 42.0+14.9 CCRCC 26 (96.3)
Range 23.3-71.6 CCPRCC 1 (3.7

VHL clinical classification, n (%) RCC in renal cyst wall, n (%)

I 21 (77.8) Yes 7 (70.0)
1B 6(22.2) No 3 (30.0)
VHL mutation site, n (%) TNM stage, n (%)
Exon 1 9(33.3) T1aNOMO 14 (51.9)
Exon 2 7(25.9) T1bNOMO 7 (25.9)
Exon 3 10 (37.0) T2NOMO 2 (74)
Intron 2 (74) T3NOMO 4 (14.8)

Mutation type, n (%) WHO/ISUP grade, n (%)

Missense mutation 14 (51.9) 1 16 (59.3)
Nonsense mutation 3(11.1) 2 8 (29.6)
Frameshift mutation 2 (74) 3 3 (11.1)
Splicing mutation 2 (74 CDI0 expression, n (%)

Large deletions 6(22.2) High 17 (63.0)

Surgery approach, n (%) Low/negative 10 (37.0)
Open radical nephrectomy 3(11.1) CK7 expression, n (%)

Open partial nephrectomy 12 (44 .4) High 3 (11.1)
Laparoscopic radical nephrectomy 5(18.5) Low/negative 24 (88.9)
Laparoscopic partial nephrectomy 7(25.9) CAIX expression, n (%)

Postoperative follow-up, months High 24 (88.9)
Mean 39.0+24.0 Low/negative 3 (11.1)
Range 1.7-965  Kj.67 expression, n (%)

VHL, Von Hippel-Lindau; SD, standard deviation. High 0 (00

Low/negative 27 (100.0)

collected during surgery. Pathological analysis of these
tissues demonstrated that the renal cyst linings of seven
patients were made of CCRCC cells (Fig. 3). A total of four
RCC-associated molecular markers, namely CD10, CAIX,
CK7 and Ki-67, were detected by IHC (Fig. 4). The expres-
sion rates of CD10, CAIX and CK7 were 63, 88.9 and 11.1%,
respectively (Table II). All patients presented with low or
negative Ki-67 expression levels.

Follow-up. The mean postoperative follow-up duration
was 39.0+24.0 months (range, 1.7-96.5 months). No case
of VHL-associated mortality was observed. The majority of
patients had normal renal functions, with the exception of
four patients, who presented with slightly higher creatinine or
urea nitrogen levels than the upper normal limit. This mild
abnormality however, had no significant effect on the patient's
quality of life, as normal levels will be restored with treatment.
It is therefore suggested that creatinine and urea nitrogen levels
can reflect the renal function.

CAIX, carbonic anhydrase 9; CCRCC, clear cell renal cell carci-
noma; CCPRCC, clear cell papillary renal cell carcinoma; CD10,
cluster of differentiation; CK7, cytokeratin 7; ISUP, International
Society of Urological Pathology; RCC, renal cell, carcinoma; TNM,
Tumour-Node-Metastasis; VHL, Von Hippel-Lindau; WHO, World
Health Organization.

Discussion

VHL disease is a rare cancer syndrome that affects
numerous organs. Multiple bilateral kidney tumors are the
most common clinical manifestations of VHL. Previous
studies have reported that the clinical characteristics and
molecular mechanisms of VHL-associated RCC differ from
those of sporadic RCC (17,18). In addition, the onset age of
VHL-associated RCC is ~25 years old, which is earlier than
that of sporadic RCC. Ning et al (19) reported that genetic
anticipation is present in families with a VHL history and
that telomere length shortening may be associated with this



HONG et al: FEATURES OF VHL-ASSOCIATED RENAL CELL CARCINOMA 4603

Figure 1. Von-Hippel Lindau disease is a rare tumor syndrome that involves multiple organs. (A) Central nervous system hemangioblastoma. (B) and
(D) Multiple renal tumors and cysts. (C) Right adrenal pheochromocytoma and multiple pancreatic cysts or tumors. Arrows indicate cysts or tumors.

H&E CcD10 CAIX CK7

e

Figure 2. In total, one patient with VHL underwent open partial nephrectomy, and four renal tumors were resected. (A-D) Diagnosis of three tumors was
CCRCC, whereas (E-H) the other tumor was diagnosed as a CCPRCC. (A and E) H&E staining of CCRCC and CCPRCC. (B and F) IHC for CD10 was
positive in CCRCC and negative in CCPRCC. (C and G) IHC for CAIX was positive in CCRCC and CCPRCC; however, (G) goblet cell staining was
observed in CCPRCC. (D and H) IHC for CK7 was negative in CCRCC and positive in CCPRCC. Magnification, x200. Scale bar, 50 ym. CAIX, carbonic
anhydrase 9; CDI0, cluster of differentiation; CCRCC, clear cell renal cell carcinoma; CCPRCC, clear cell papillary renal cell carcinoma; CK7, cytokeratin 7;
H&E, hematoxylin-eosin; IHC, immunohistochemistry.

Figure 3. During surgery, renal cyst walls were collected from patients with VHL. Pathological analysis indicated that clear cells clusters were present within
(A) renal cyst walls, and that (B) lined renal cyst walls and (C) renal cell carcinoma cell clusters were interspersed in renal cyst cavities (indicated by arrows).
(A and B) Magnification, x200. (C) Magnification, x400. Scale bar, 50 ym.
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Figure 4. Immunohistochemical staining for RCC-associated molecular markers, including CD10, CAIX, CK7 and Ki-67. Staining in 0-5% cells was consid-
ered negative (-), 6-10% cells was focally positive (+), 11-50% cells was moderately positive (++) and 51-100% cells was strongly positive (+++). Two groups
of RCC-associated molecular markers were defined according to their expression levels: Low (negative) expression (-, +) and high expression (++, +++).
Magnification, x200. Scale bar, 50 pm. CAIX, carbonic anhydrase 9; CD10, cluster of differentiation; CK7, cytokeratin; RCC, renal cell carcinoma.

phenomenon. VHL-associated RCC is commonly multifocal,
occurs in both kidneys and is combined with multiple renal
cysts. In addition, simultaneous or metachronous bilateral
kidney cancer can be present. Walther et al (20) reported
that ~1,100 non-malignant cysts have a clear cell lining
and that ~600 clear cell neoplasms are observed in the
VHL-associated kidney. Furthermore, the pathological type
of VHL-associated RCC is low-grade CCRCC. Due to later
distant metastasis, VHL-associated RCC prognosis is moder-
ately favorable, compared with that of sporadic RCC (17).
Binderup et al (21) reported that the estimated mean life
expectancy of a man with VHL is 67 years, whereas that for
a woman with VHL is 60 years, which is higher than previ-
ously reported (49 years) (3). The results from our previous
study demonstrated that the estimated median life expectancy
is 62 years for Chinese patients with VHL disease (11). A
deeper understanding of VHL syndrome, combined with the
development of novel technology has therefore significantly
improved the prognosis of affected patients.

In the present study, the clinicopathological characteris-
tics of 27 patients with VHL who underwent nephrectomy
at Peking University First Hospital were analyzed. The
majority of patients maintained adequate renal function
following surgery. Among these 27 patients, 19 underwent
partial nephrectomy. Patients with VHL commonly
undergo numerous renal surgeries across their lifetimes.
Nephron-sparing surgery is therefore preferred for these
patients. Surgeries are not completely curative, but they can
prevent metastasis. However, the tumor size threshold for
surgery indication is controversial. Duffey et al (22) reported
that patients with VHL renal tumors of <3 cm did not present
with metastasis. The 3-cm size was therefore proposed as the
threshold for nephron-sparing surgery in patients with VHL.
However, Gupta et al (23) reported that oncological outcomes
of patients with hereditary RCC tumors of >4 cm were similar
to those of patients with T1b tumors and sporadic RCC treated
with partial nephrectomy. In the present study, the mean size

of the largest renal tumors was 4.3 cm (range, 1.3-9.5 cm). No
cases of VHL-associated mortality were observed during the
mean 39 months of follow-up. Consequently, the 4-cm size
may represent an appropriate threshold for nephron-sparing
surgery, which may allow renal function preservation in
patients with VHL and decrease the number of surgeries
required across their lifetimes.

In the present study, renal cyst walls were collected from
10 patients with VHL during surgery. The pathological
analyses indicated that seven renal cyst samples presented
with a clear cell lining and RCC cell clusters that were scat-
tered in the renal cyst cavities. These findings suggested that
during surgery, the cyst fluid, which may contain RCC cells,
should be prevented from flowing into the abdominal cavity
to avoid RCC dispersion. Furthermore, the pathological char-
acteristics of the renal tumors from patients with VHL were
also evaluated according to the most recent diagnostic criteria.
As previously reported, VHL-associated RCC is always
of the clear cell subtype (24,25). In the present study, renal
tumors with overlapping histological features of CCRCC and
CCPRCC were observed. CCPRCC is a newly described renal
epithelial tumor that was considered a novel RCC subtype in
the 2012 ISUP Vancouver Classification of Renal Neoplasia.
CCPRCC was initially reported in patients with end-stage
renal disease; however, the clinicopathological features of this
tumor subtype in VHL disease remain unclear. Rao er al (26)
reported that CCPRCC represents a unique RCC pathological
subtype and should be distinguished from CCRCC due to
its different biological potentials. CCPRCC represents a rare
subtype, but its prognosis is favorable (27). Conversely, the
results from the present study indicated that inter and intra-
tumor heterogeneity was present in VHL-associated hereditary
RCC. VHL inactivation through genetic mutation is a common
and early trigger that is followed by various additional muta-
tions in different renal tumor lesions (28). In clinical practice,
multiple site sampling is crucial to allow clinicians to better
understand the biological potentials of the tumor.



HONG et al: FEATURES OF VHL-ASSOCIATED RENAL CELL CARCINOMA

Actual methods that determine risk stratification rely on
tumor stage and grade. According to TNM staging, 21 patients
(77.8%) in the present study were classified as TINOMO and
16 patients (59.3%) had a grade 1 tumor. The majority of the
VHL-associated RCC cases were therefore considered as
low-risk tumors due to their low TNM stage and nuclear grade.
In addition, Ki-67 expression was evaluated by IHC. Ki-67 is
a non-histone nuclear protein that is highly expressed during
the cell cycle. The Ki-67 proliferative index indicates that cell
proliferation is a predictive marker for tumor differentiation,
invasion, metastasis and prognosis. In the present study, all
tumors from patients with VHL exhibited low or negative
Ki-67 expression. These findings suggested that when the
degree of malignancy of VHL-associated RCC was relatively
low, the prognosis was good.

In conclusion, VHL-associated RCC is a low-risk
disease, which exhibits inter- and intratumor heterogeneity.
A tumor size of ~4 cm may be considered as the threshold
for nephron-sparing surgery in patients with VHL in order to
reduce surgical frequency. In addition, the results from the
present study suggested that, to prevent tumor cell disper-
sion, renal cysts should be treated with care. The present
study does; however, have certain limitations, including the
small patient number and its retrospective nature. Since VHL
syndrome is a rare hereditary disease, it is hard to include
a high number of patients with VHL in a study. In addi-
tion, kidneys can present with numerous tumors; however,
only large tumors can be resected and not the tumor foci.
It is therefore difficult to define recurrence in patients with
VHL. Future studies will investigate the clinicopathological
and survival data from a larger scale comparative study
that includes patients with non-VHL-associated RCC.
Understanding the clinicopathological characteristics and
molecular mechanisms involved in VHL disease is crucial
as it may aid clinicians in making rational treatment deci-
sions.
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