
Understanding  
the Kidney 
Renal Cell Carcinoma (RCC)  
and 
Von Hippel-Lindau (VHL)  
Disease-Associated RCC
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The Kidneys and
How They Work

The kidneys are a pair of bean-shaped 
organs behind the stomach near the 
lower back.1

What the Kidneys Do2

The kidneys main job in the body  
is to filter blood. During filtration,  
the kidneys:

• Remove waste

• Regulate salt concentrations

• Maintain proper water levels

They also help control  
certain hormones that  
regulate blood pressure  
and red blood  
cell formation.
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Adrenal gland (a small structure 
that makes hormones such 
as steroids, adrenaline, and 
noradrenaline) 3

Gerota’s fascia (tissue that surrounds 
the kidney) 4

Medulla (area where 
collecting tubes and 
capillaries form into 
cone shapes, called 
renal pyramids) 6

Renal columns

Cortex (contains structures 
that collect and filter blood) 5

Renal pelvis
• Pelvicalyceal 

system (a group 
of branches in the 
renal pelvis that 
funnel urine to 
the ureter) 7

Kidneys

Minor calyx

Major calyx

Nephron (blood-  
filtering units) 5

Aorta
Vena 
cava

Ureter (tube that carries 
urine [pee] from the 
kidney to the bladder)8
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Signs and Symptoms12 

Having one or more of these may be 
signs of kidney cancer: 

• Blood in the urine 

• Lower back pain (one-sided) 

• Feeling tired 

• Loss of appetite,  
possibly causing  
weight loss 

• Anemia 

• Unexplained fever

Determining Risk14

Prognostic, or risk models, are statistical 
tools that factor a patient’s kidney cancer 
characteristics. They may help guide 
treatment decisions. 

Disclaimer: These models are not 
mandatory to use. Your provider will 
discuss what may be best for you.

Kidney Cancer  
Overview
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Kidney cancer is one of the 10 most common cancers in males and 
females. It is more common in older adults between 65 and 74 years old.9 

Renal cell carcinoma (RCC) is the most common type of kidney cancer. 
About 9 out of 10 kidney cancers are RCC.10

Some Risk Factors11 

Some risk factors may raise the chance of 
developing kidney cancer. These include:

• Smoking 

• Obesity 

• High blood pressure 

• Family history of kidney cancer 

• Exposure to chemicals 

• Sex assigned at birth (higher incidence 
among males) 

• Race

• Advanced kidney disease 

• Genetic risk factors you inherit from  
a parent 

Tests to Detect Kidney Cancer 

Proper diagnosis of kidney cancer 
depends on tissue samples or 
microscope images.15 

Scans of the kidney and surrounding 
area can also be helpful in diagnosing 
cancer. You may need one or more of the 
following15:

• Computed tomography (CT) scan:  
a computerized scan that takes 
3-dimensional pictures of tissues  
and organs16 

• Magnetic resonance imaging (MRI):  
a scan that takes detailed pictures of 
tissues and organs, mostly helpful for 
soft tissues17 

• Ultrasound: a scan that uses sound 
waves to create pictures of tissues and 
organs inside the body18 

• Angiography: an X-ray scan that looks at 
blood vessels19 

Primary lab tests, such as blood and 
urine, are not able to diagnose kidney 
cancer, but they may be helpful in 
discovering a problem with the kidney.15 

Anemia is when 
you have a lower 
than normal 
amount of red 
blood cells13 
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Types of
Renal Cell Carcinoma (RCC)

Renal Cell Carcinoma (RCC)10

• The most common form of kidney cancer is renal cell 
carcinoma (RCC), which is cancer that starts in the cells that 
line the renal tubules 

• Nearly 9 out of 10 kidney cancers are RCCs

Renal tubules

Normal cells Cancer cells

Non-Clear Cell Renal Cell Carcinoma (nccRCC)2,10,20

• Several types of nccRCC include:

 - Chromophobe: cancer cells are pale and larger than clear cells 

 - Papillary: cancer cells form finger-like projections (papillae) 

 - Collecting duct RCC: cancer cells form in the collecting 
ducts or tubules

 - Multilocular cystic RCC: cancer cells form small cysts, 
fluid-filled sacs

 - Unclassified: cancer cells do not look like other types

Clear Cell Renal Cell Carcinoma (ccRCC)2

• One type of RCC is known as clear cell renal cell carcinoma 
(ccRCC) since cells appear clear under a microscope 

• About 7 out of 10 people with RCC have ccRCC, making it the 
most common type of RCC
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Classifying
RCC
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Cancer Grade 

The grade describes how normal or 
abnormal the cells look under a microscope. 
The more abnormal cells look, the more 
aggressive the cancer is and the faster it is 
likely to grow and spread.22

Fuhrman Grade: a value on a scale of 
1 to 4 given to RCC cells indicating 
aggressiveness.15 

• Grade 1 cells tend to grow slowly and 
appear more like normal cells while 
grade 4 cells are more aggressive and 
usually appear abnormal15 

WHO*/ISUP** Grade: a newer system 
that grades on the highest-grade cells 
present, not the most predominant.23 

Other Characteristics on the 
Pathology Report

Characteristics of the kidney tissue sample, 
or histology, can help classify the cancer.21

The two main histological types of RCC 
are21: 

• Sarcomatoid: highly aggressive10

• Rhabdoid: usually linked to poor 
outcomes21

Molecular Pathology is done to check 
for clues from tissue, blood, or bodily 
fluid samples that may indicate unusual 
kidney function.24 

Surrogate Endpoints help classify cancer 
by looking for signs that indicate tumor 
growth, functioning, and how well the 
tumor might respond to treatment.25 

Looking for signs of necrosis, or cell 
injury causing permanent damage, can 
also help in classification of tumors.26

Classifying RCC depends on several 
factors such as tumor size, location, 
how aggressive tumor growth is, and 
lymph node involvement. Cancers 
can be classified based on their stage, 
grade, and other characteristics.15,21

Cancer Stage21

Cancer stage describes how much 
cancer is in the body and where it is 
located. The TNM system is used to 
determine the stage of RCC. It is based 
on 3 parts:

T = Primary Tumor

• How large is the tumor?
• How invasive is the tumor?

N = Regional Lymph Nodes

• Has the cancer spread to nearby 
lymph nodes?

M = Distant Metastasis

• Has the cancer spread to other organs? *WHO: World Health Organization

**ISUP:  International Society of Urologic 
Pathology

Fuhrman Grade

1

2

3

4
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Right kidney

Left kidney

Adrenal gland

Perirenal fat

RCC
Stages21

Staging of RCC 
is determined by 
several factors.

Tx, T0 

Tumor 
undetectable 

• Tx: Primary 
tumor cannot be 
assessed 

• T0: No evidence 
of primary 
tumor

Tx, T0 T1 T2 T3 T4

Stages Tx, T0–T4
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* Please note, images are for illustrative purposes only and not drawn to scale.  
Ruler accurately depicts inches and centimeters to scale as reference point.

Ureter

Gerota’s 
fascia

Lymph node
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Stage Tx, T0 tab

Tx, T0

Lymph node

Ureter

Gerota’s 
fascia

RCC
Stages21

Staging of RCC 
is determined by 
several factors.

Tx, T0 

Tumor 
undetectable 

• Tx: Primary 
tumor cannot be 
assessed 

• T0: No evidence 
of primary 
tumor

© Millennium Medical Education Resources Ltd.

MILLENNIUM MEDICAL CONFIDENTIAL.
Do not circulate, quote, reproduce or distribute without written approval from Millennium Medical.



T121

Stage T1 tab

T1

Tumor is limited to the 
kidney and no larger 
than 7 cm 

• T1: Tumor is 7 cm or 
smaller in greatest 
dimension

• T1a: Tumor is 4 cm or 
smaller in greatest 
dimension

• T1b: Tumor is larger 
than 4 cm but is 7 cm 
or smaller in greatest 
dimension

• All are limited to the 
kidney
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* Please note, images are for illustrative purposes only and not drawn to scale.  
Ruler accurately depicts inches and centimeters to scale as reference point.

Primary 
tumor
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T221

Stage T2 tab

T2

Tumor is limited to 
the kidney but can be 
greater than 7 cm in 
size

• T2: Tumor is greater 
than 7 cm in greatest 
dimension

• T2a: Tumor is greater 
than 7 cm but is 10 
cm or smaller in 
greatest dimension

• T2b: Tumor is greater 
than 10 cm

• All are limited to  
the kidney
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* Please note, images are for illustrative purposes only and not drawn to scale.  
Ruler accurately depicts inches and centimeters to scale as reference point.
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Stage T3 tab

T3

Renal sinus fat: 
tissue, made of 
fat cells, that 
cushions the 
inside of the 
kidney27

Diaphragm

Vena 
cava

Pelvicalyceal 
system

T321

Tumor extends into major veins  
or perinephric tissues, but not into 
the ipsilateral adrenal gland and 
not beyond Gerota’s fascia.

• T3a: Tumor extends into the renal 
vein or its segmental branches, or 
invades the pelvicalyceal system, 
or perirenal and/or renal sinus fat 
but not beyond Gerota’s fascia

• T3b: Tumor extends into the vena 
cava below the diaphragm

• T3c: Tumor extends into the vena 
cava above the diaphragm or 
invades the wall of the vena cava

• T3 tumors are characterized 
by their invasiveness into 
surrounding tissue, not their size

Tumor
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* Please note, images are for illustrative purposes only and not drawn to scale.  
Ruler accurately depicts inches and centimeters to scale as reference point.

Renal vein

Perirenal fat

Gerota’s fascia: tissue  
that surrounds the kidney4
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T4

Tumor is beyond 
Gerota’s fascia

• The tumor invades 
past Gerota’s 
fascia (including 
contiguous extension 
into the ipsilateral 
adrenal gland)

• T4 tumors are 
characterized by their 
invasiveness into 
surrounding tissue, 
not their size

Ipsilateral adrenal gland: 
a structure that makes 
hormones, located on the 
same side as the tumor3
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* Please note, images are for illustrative purposes only and not drawn to scale.  
Ruler accurately depicts inches and centimeters to scale as reference point.
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Care Team and
Treatments

Care team members may include10,28,29:

Urologist

A doctor who specializes in treating 
problems of the urinary tract 

Some may have training in oncology; these 
are called Urologic Oncologists

Medical 
Oncologist

A doctor who treats cancers with  
systemic therapy

Radiologist
A doctor trained in diagnosing diseases by 
reading x-rays and scans of the body 

Pharmacist
A healthcare professional who specializes 
in safe and effective uses of medicine and 
treatment plans

Oncology 
Nurse

A nurse who has specialized training in 
treating and caring for patients with cancer

Pathologist
A doctor trained in diagnosing or 
classifying diseases from tissue or cell 
samples viewed under a microscope

If you have VHL disease, then you may have 
other specialists on your treatment team. 

RCC treatments may include10,30,31:

Surgery: a procedure that will  
remove the cancer tumor 

Chemotherapy: the use of  
anti-cancer drugs

Radiation therapy: the use of  
high-energy rays

Systemic therapy: the use of drugs 
that work throughout the body

Clinical trial enrollment or supportive 
care may also be options

Every patient is unique. You and your care team 
will decide the best treatment plan for you.
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The healthcare providers on your care team have specialized skills and 
work together to treat your needs.28
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Primary 
Treatments
Primary Treatments10,32

Surgical removal is the primary method of treating kidney cancer. The goal of surgery is to remove all of the cancer cells, but some 
may remain in your body.

For some people, the chance of cancer returning after surgery (recurrence) may be higher. For patients who are at a higher risk of 
recurrence, treatment after surgery, called adjuvant therapy, may help lower the chance of recurrence.

Surgical Removal (Nephrectomy)10

There are two types of kidney surgeries, or nephrectomies. 
They depend on how much of the kidney is removed.

• Partial: The tumor and immediately surrounding tissue 
are removed. Your kidney still works after this surgery. 

• Radical: The tumor, entire kidney, and surrounding fatty 
tissue are removed. Removal of the adrenal gland and 
nearby lymph nodes is possible. If your other kidney 
is healthy, it can filter enough blood for you to live a 
healthy life.

Additional Therapeutic Techniques10,30

Additional therapies may be used to treat kidney cancer.

Thermal ablation: extreme cold (cryotherapy, 
cryoablation) or heat used to kill cancer cells

Stereotactic Body Radiation Therapy (SBRT): 
used for treating brain metastases

Radiofrequency: localized radio waves used to 
kill cancer cells

P
rim

ary Treatm
en

ts
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Living with
Cancer

It’s Your Experience10

Get involved in your care, here’s a list of questions you 
may have:

• What is the next step of my treatment?

• Do I need to follow a special diet 
during or after my treatment?

• Are there any symptoms I should 
watch for?

Support Your Physical Health33,34

You can support your physical health through nutrition 
and being active: 

• Nutrition: Maintain a kidney-friendly diet with DASH 
(Dietary Approaches to Stop 
Hypertension) and plant-based recipes 

• Exercise: Strengthen muscles, 
promote healthy blood flow, and 
control weight

You’re Not Alone

There are resources to help. Check out support groups to 
connect with people like you:

• National Kidney Foundation

• Kidney Cancer Coalition

• KCCure

Support Your Mental Health10

Supporting your mental health can help your overall well-
being. You can:

• Seek help from a professional, such as a therapist or 
psychologist 

• Stay connected with family and friends by 
scheduling time to spend with them

• Join a support system to meet others like 
you, share your story, and be inspired
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From diagnosis to recovery, every patient’s path is unique. Here are some tips to help.
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Von Hippel-Lindau (VHL)
Disease-Associated RCC
What is Von Hippel-Lindau (VHL) 
Disease and RCC?

VHL disease is a rare (about 1 in 30,000 people) 
genetic condition that can cause tumors to 
grow in different parts of the body. It is caused 
by a mutation (change) in the VHL gene.35,36,37 
The VHL gene helps control cell growth, cell 
division, and other important functions.38 

About 80% of people with VHL disease inherited 
it from a parent, while approximately 20% of 
people with VHL disease are a result of a random 
genetic mutation before birth. This is called “de 
novo,” or “first-in-family.” People who have family 
members with VHL disease should be tested to 
see if they have the mutated gene as well.39

von Hippel-Lindau disease (VHL)

Germline 
mutation of 

VHL gene

Cell proliferation 
(increase in 
number of cells)43

Angiogenesis 
(growth of 
new blood 
vessels)44

Kidney cysts Tumor growth

RCC

How Does VHL Disease Affect  
the Kidneys?

People with VHL disease have a higher chance 
of developing a type of kidney cancer called 
renal cell carcinoma (RCC).35

RCC can develop in people with VHL disease at 
a median age of 31 years old.41
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About 25%–75% of people with VHL disease 
will develop kidney cysts or cancer.40

Talk to Your Care Team if You Have 
VHL Disease10,35,42

If you have VHL disease, your care team may:

• Give you screening tests to find any new 
tumors

• Closely watch any known tumors you have

• Advise you on the best course of 
management

Talk to your care team about how often  
and what types of screening tests may be 
right for you.
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