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Abstract

Renal cell carcinoma is a common malignancy with
many histologic subtypes. Appropriate treatment de-
pends not only upon the specific subtype but also the size
of the tumor and extent of spread at time of presentation.
Approximately 5% of RCCs are part of a hereditary
syndrome which must also be considered in the thera-
peutic decisions. Although some RCCs are detected with
ultrasound, CT or MR is required for staging. CT is used
most commonly as it is most readily available and rela-
tively less expensive than MR imaging. The TNM clas-
sification of the American Joint Committee on Cancer
has largely replaced the Robson classification. Early
detection, accurate staging, and improved treatment
options have resulted in improved 5-year survival of
patients with renal carcinoma.
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Renal cell carcinoma (RCC) is the 7th most common
cancer among American males and the 9th most common
among females [1]. Themost common histology of RCC is
clear cell adenocarcinoma which accounts for 70% to 80%
of cases. Other histologies include papillary (15%), chro-
mophobe (5%), and rare tumors such as renal medullary,
Xp11 translocation, and collecting duct carcinomas. Any
subtype of RCC can undergo sarcomatoid differentiation,
which is associated with early metastases and a poor
prognosis. In addition to sarcomatoid RCC, renal me-
dullary RCC and collecting duct carcinomas are particu-
larly aggressive [2, 3]. Histological subtyping helps
determine therapy, as some tumors, such as papillary
carcinomas, do not respond to antiangiogenic therapy [4].

As many as 5% of patients with RCCs are associated
with inherited syndromes. These include hereditary pap-
illary renal cell carcinoma (papillary cancers), hereditary
leiomyomatosis renal cell carcinoma (papillary cancers),
von-Hippel Lindau Disease (clear cell cancers), tuberous
sclerosis complex (clear cell cancers), and Birt–Hogg–
Dube Syndrome (chromophobe renal cancers) [5]. Al-
though not a hereditary cancer, renal medullary carcino-
mas develop in patients with sickle cell trait.

With the increasing use of cross-sectional imaging,
RCC is discovered as an incidental finding in more than
50% of cases [6]. This is likely the cause of the stage
migration seen in recent years. From 1993 to 2004, the
percent of patientswith Stage I disease increased from43%
to 57% [7]. Patients with newly diagnosed renal cancers are
living longer after diagnosis, and the 5-year relative sur-
vival continues to increase [8]. Although many indolent
cancers are now being detected, many patients with clini-
cally significant cancers still often present with advanced
disease. Nonetheless, staging of renal cancer is essential,
not only to define the most appropriate treatment but also
to determine the prognosis. The 5-year survival among
patients without metastases is now over 50%, while it is
only 10% among those with distant metastases [1]. Among
patients with RCCs discovered incidentally, the 5-year
survival is 85% compared with only 53% in those patients
who were symptomatic [1]. Imaging has played a major
role in this significant improvement through earlier
detection and better staging.

Staging

Accurate staging is essential to define the most appro-
priate treatment and to determine the prognosis. For
many years, renal carcinomas were staged using the
Robson classification [9], which has now been largely
replaced by the TNM staging of the American Joint
Committee on Cancer (Tables 1 and 2).

The TNM staging system is briefly summarized as
follows: Stage I disease is confined to the kidney, within
the renal capsule. The tumor is considered T1a if it is
smaller than 4 cm and stage T1b if it is between 4 and
7 cm in diameter. With the increasing number of small
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RCCs found on cross-sectional imaging studies, some
authors have suggested further refinement of these tumor
sized stages to T1a for tumors smaller than 2.5 cm, T1b
for tumors between 2.5 and 5.0 cm, and T1c for tumors
from 5.0 to 7.0 cm [1].

Stage 2 tumors are still confined to the kidney, but are
larger than those classified as Stage 1 tumors. Stage T2a
tumors are larger than 7 cm but less than 10 cm, while
stage T2b tumors are larger than 10 cm.

Stage 3 disease includes carcinomas that have invaded
the veins or have extended beyond the renal capsule but
are still within Gerota’s fascia. Stage 3a tumors have
extended into the renal vein or its segmental branches or
have involved the perinephric fat or adrenal gland. Stage
3b tumors have extended into the inferior vena cava, but
are still below the diaphragm. Stage 3c tumors have ex-
tended into the vena cava above the diaphragm or in-
vaded the wall of the vena cava.

Stage 4 tumors have spread beyond Gerota’s fascia.
Involvement of the ipsilateral adrenal gland by contigu-
ous spread is considered Stage T4 disease.

Lymph node metastases are divided into stage N1 in
which the involvement is limited to regional lymph nodes
and stage N2 where the tumor has spread beyond re-
gional lymph nodes.

Patients with M1 disease have distant metastases.
Renal cell carcinoma tends to metastasize through

either the venous or lymphatic systems. RCC often in-
vades the veins where it may spread to the lungs and then
to other tissues. With tumor thrombus in the IVC, there
may be reflux into the adrenal and gonadal veins. Thus,
metastases to the adrenal glands, testes, or ovaries may
be seen [10]. Within the lymphatic system, metastases are
first seen regionally, in the renal hilar lymph nodes or
paraaortic/paracaval nodes. The most common sites of
distant metastases from RCC are lung (45%), bone
(30%), lymph nodes (22%), liver (20%), adrenal gland
(9%), and brain (8%) [11].

Nuclear grading of the renal carcinoma, which is
performed using the Fuhrman grading system (on a scale
of 1–4), also helps determine the prognosis, as patients
with a higher Fuhrman nuclear grade tumor are more
likely to develop metastases.

Imaging

Renal carcinomas are often detected on ultrasound and
the diagnosis confirmed on CT or MR examinations.
Staging may be done with either CT or MR, but CT is
more commonly used due to its greater availability and
lower cost. When imaging with CT, it is recommended to
obtain both arterial and nephrographic phase images.
Metastases tend to enhance in a manner similar to the
primary tumor [10]. Clear cell carcinomas tend to be
hypervascular and are most easily detected during the
arterial phase (Fig. 1), while papillary and other non-
clear cell carcinomas enhance to a much lesser degree
and are most conspicuous during the nephrographic
phase (Fig. 2) [10, 12]. Since the lungs and bones are the
most common sites of metastases, the CT examination is
protocoled to include the chest, abdomen, and pelvis.

Table 1. TNM staging of the American Joint Committee on Cancer

Primary tumors (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor £7 cm in greatest dimension, limited to the kidney
T1a Tumor £4 cm in greatest dimension, limited to the kidney
T1b Tumor >4 cm but £7 cm in greatest dimension, limited to the kidney
T2 Tumor >7 cm in greatest dimension, limited to the kidney
T2a Tumor >7 cm but £10 cm in greatest dimension, limited to the kidney
T2b Tumor >10 cm, limited to the kidney
T3 Tumor extends into major veins or perinephric tissues but not into the ipsilateral adrenal

gland and not beyond the Gerota fascia
T3a Tumor grossly extends into the renal vein or its segmental (muscle-containing) branches,

or tumor invades perirenal and/or renal sinus fat but not beyond the Gerota fascia
T3b Tumor grossly extends into the vena cava below the diaphragm
T3c Tumor grossly extends into the vena cava above the diaphragm or invades the wall of the vena cava
T4 Tumor invades beyond the Gerota fascia (including contiguous extension into the ipsilateral adrenal gland)

Regional lymph node (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in regional lymph node(s)

Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis

Table 2. Stage Grouping

Stage T N M

I T1 N0 M0
II T2 N0 M0
III T1-2 N1 M0

T3 N0-1 M0
IV T4 N2 M0

Any T Any N M1
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The primary tumor in the kidney is readily detected
with a dedicated renal CT examination including
nephrographic phase images. Lesions with macroscopic
fat can be classified confidently as angiomyolipomas. This
is best determined with unenhanced images and lesions of
at least 19 mm3 [13]. Tumors smaller than this may be too
small for an accurate density measurement or to clearly
identify contrast enhancement and may be best followed
with serial CT examinations until they can be better
characterized. The distinction of T1 tumors from T2 tu-
mors ( Fig. 3) was increased from 2.5 to 7.0 cm in the
TNM revision of 1997 to better distinguish survival dif-
ferences [14]. Using the 1997 version, Tsui and colleagues
demonstrated 5-year survivals ranging from 91% for stage
I disease to 32% for patients with stage IV disease [15].

Invasion of the perinephric fat is more challenging
than determination of the size of the primary tumor. This
was the most common error in prior studies [16]. Ergen
and colleagues reported on the use of perinephric
stranding on MR examinations, but the renal capsule is
difficult to identify and microscopic invasion will remain
a challenge for macroscopic imaging [17]. Irregularity of
the tumor margin or thick, soft tissue stranding in the

perinephric space suggests extension beyond the renal
capsule (Fig. 4).

Venous extension into the main renal vein is readily
detected on either CT or MR examinations, though MR
may have a slight advantage due to its multiplanar
capability [17]. Karlo and colleagues found that if the
renal carcinoma is separated from the renal sinus fat on
CT, the likelihood of muscular venous branch invasion
was significantly reduced, and the patient was more
likely to undergo partial nephrectomy [18]. Extension
into the renal vein or inferior vena cava is detected in
25% and 10% of patients, respectively (Fig. 5) [19]. The
presence of tumor thrombus or bland thrombus in the
renal vein or IVC has little effect on prognosis as it
usually slides out as ‘‘a finger from a glove’’ and is rel-
atively easy to remove surgically. However, accurate
delineation of the thrombus extent is critical to planning
the surgical approach, as extension into the right atrium
indicates the need for cardiopulmonary bypass.

Fig. 2. Stage 1a papillary carcinoma.

Fig. 3. Stage 2a carcinoma is between 7 and 10 cm but still
within the kidney.

Fig. 4. Stage 3a carcinoma with extension into the per-
inephric fat.

Fig. 1. Hypervascular clear cell carcinoma.
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Lymph node involvement is determined by size cri-
teria. Renal hilar, paraaortic, and paracaval (regional)
lymph nodes with a short-axis diameter greater than
1 cm are considered to be involved (Fig. 6). Although
sensitivities for detecting involvement are high, false
positives are common and are usually due to benign
reactive changes [20, 21]. Regional lymph node involve-
ment is most common when the primary tumor is large,
stage 2 [17].

Metastatic disease may occur anywhere, but the most
common sites are the lungs (Fig. 7), liver, and bones
(Fig. 8). Thus, imaging studies must include the chest
and abdomen. Using both arterial and nephrographic
phase images may enhance tumor conspicuity and in-
crease the likelihood of detection [22].

Tumor surveillance

Renal cell carcinomas may be treated with surgery,
ablation, or chemotherapy, and the protocol for
surveillance differs with stage, grade, and method of
therapy. Patients with negative surgical margins are
considered differently from patients with positive mar-
gins. Early detection of metastases is important as soli-
tary lesions may be treated with ablation or surgical
resection [23].

The lungs are the most common site of metastatic
disease and follow-up chest CT has replaced chest
radiography, with or without tomography, as the most
appropriate imaging modality. Other common sites of
metastases include the bones, liver, and brain [23, 24].
Metastases to the pelvis are uncommon and routine
pelvic CT examinations are seldom recommended.
However, metastases may develop many years after
treatment [25]. Miyao and colleagues reported that 6.6%
of patients developed recurrent disease more than
10 years after nephrectomy [26].

Fig. 6. Stage T2, N1 an enlarged par aortic lymph node
suggest tumor involvement.

Fig. 7. Stage N1. Pulmonary metastases.

Fig. 8. Stage N1. Metastatic involvement of a lumbar ver-
tebral body.

Fig. 5. A large left renal carcinoma is extending through the
left renal vein into the inferior vena cava.
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After nephrectomy

Patients who have undergone nephrectomy of stage T1
or T2 tumors and negative surgical margins may not
need routine surveillance, though the American College
of Radiology recommends chest radiography and follow-
up abdominal CT examinations. Patients treated with
partial nephrectomy or who have positive surgical mar-
gins deserve more aggressive follow-up and often un-
dergo annual abdominal CT examinations. Abdominal
CT examinations should be performed with imaging in
the portal venous phase to enhance lesion conspicuity.
Since metastases to the brain or bones are usually
symptomatic, routine surveillance imaging of the bones
and brain is not recommended [27].

After thermal ablation

Renal cell carcinoma may be effectively treated with ei-
ther radiofrequency ablation or cryoablation. Risk
stratification is more difficult with these less invasive
techniques as neither surgical margins nor as extensive a
histological evaluation are available as compared with
surgery, and more aggressive imaging surveillance is
needed. The American College of Radiology recom-
mends enhanced and unenhanced abdominal CT scan-
ning at 1, 3, 6, and 12 months after ablative therapy.
Early follow-up scanning is needed as the majority of
incomplete treatments are detected within the first
3 months after ablation [28]. Effectively treated tumors
eventually develop a ‘‘bull’s eye’’ appearance consisting
of a central dense (>40H) mass surrounded by a halo of
fat (Fig. 9).

Surveillance imaging demonstrates a decrease in the
size of the tumor mass, but the ablation beds of even
successfully treated tumors usually show an increase in
size in the first few months following therapy. Decrease

in size of the ablation cavity occurs slowly and seldom
disappears. Enhancement is an important criterion in
following these lesions, as successfully treated tumors do
not enhance. Benign rim enhancement surrounding the
ablation bed may occur, but has a smooth margin.
Enhancement of the residual nodule by 20H or more,
especially if accompanied by enlargement, is a strong
indication of residual or recurrent active tumor [29].

After chemotherapy

Antiangiogenic targeted therapy agents, usually consist-
ing of multi-kinase inhibitors, have been used success-
fully to treat renal cell carcinomas [6]. Since these
antiangiogenic agents primarily inhibit growth, even
successfully treated tumors may show only modest de-
creases in size. While many responding tumors will
demonstrate a decrease in size, others will not. In these
cases, imaging findings may be limited to a reduction in
attenuation and diminished enhancement of the tumor, a
finding which should be considered to indicate a suc-
cessful response to therapy [30].

Treatment and surveillance of inherited renal
carcinomas

The most common cause of inherited RCC, von-Hippel
Lindau (VHL) Disease, is an autosomal dominant dis-
order of variable expressivity [5] with a prevalence of 1
per 35,000 to 40,000 people. Image interpretation is
particularly challenging, as the kidneys develop both
cysts and renal carcinomas (Figure 10) [31]. Tumors can
arise de novo or from cystic precursors, even from those
cysts that appear benign by the usual imaging criteria
[32]. Since the tumors are multiple and usually bilateral,
the emphasis has been to surgically remove tumors be-
fore they metastasize, usually when they reach 3 cm in
size. The frequency of follow-up depends upon the rel-
ative aggressiveness of the tumor associated with the

Fig. 9. Past radiofrequency ablation (RFA). A central dense
mass is surrounded by fat.

Fig. 10. von-Hippel Lindau disease. Multiple cysts are seen
in the kidneys and pancreas. A Renal carcinoma is present in
the left kidney.
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disease. Since VHL is a life-long disease, MR imaging is
generally preferred to avoid the radiation exposure with
repeated CT examinations.

Tuberous Sclerosis (TS) is inherited in an autosomal
dominant fashion. It has a prevalence of 1 per 10,000
people and is characterized by a diverse array of abnor-
malities. Renal angiomyolipomas, which are now classi-
fied as perivascular epithelial cell tumors (PEComas) are
seen in as many as 80% of patients affected by TS. Renal
cysts are seen in up to half of TS patients, while clear cell
RCC is found in 2% to 4% of patients [33].

Birt–Hogg–Dube Syndrome is also an autosomal
dominant disorder, but has a prevalence of only 1 per
200,000 people. Approximately 15% to 30% of patients
will develop renal carcinomas which are variable in his-
tology with 34% chromophobe, 9% clear cell, 5% onco-
cytoma, and 2% papillary. In as many as 50% of patients,
the tumors will contain mixed elements of oncocytoma
and chromophobe RCC [34].

Hereditary Papillary RCC, an autosomal dominant
disorder, is very rare, with a prevalence of only 1 per
10,000,000 people. These patients develop multiple and
bilateral papillary renal cancers [35].

Hereditary Leiomyomatosis and Renal Cell Cancer is
an autosomal dominant disorder that has been reported
in more than 200 families [36]. Affected family members
develop cutaneous and uterine leiomyomata as well as
aggressive papillary RCCs.

Renal Medullary Carcinoma is a rare tumor arising
from the distal collecting duct in patients with sickle cell
trait [37]. It is found in young adults and is often meta-
static at time of presentation. Median survival from time
of diagnosis is less than 4 months. There are no other
associated abnormalities.
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