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Despite the considerable progress made in our understanding of the pathogenesis, genetics, and pathology of
renal cell carcinoma (RCC), difficulties remain relating to the prediction of clinical outcome for individual cases.
Although there is evidence to show that high-grade tumors have a poorer prognosis when compared to those of
low grade, debate remains regarding the predictive value of grading, especially for those tumors classified into
the intermediate grades. Numerous composite morphologic and nuclear grading systems have been proposed
for RCC and although that of the Fuhrman classification have achieved widespread usage, the validity of the
grading criteria of this classification has been questioned. In addition, there are few studies that have attempted
to validate the Fuhrman system for RCCs beyond that of the clear cell subtype. Recent studies have indicated
that grading of papillary RCC should be based on nucleolar prominence alone and that the components of the
Fuhrman grading classification do not provide prognostic information for chromophobe RCC. Independent of
tumor grade, the prognostic importance of tumor stage for RCC is well recognized. The Union Internationale
Contre le Cancer/American Joint Committee for Cancer Staging and End Results Reporting TNM staging system
is now in its sixth edition (2002) and recent refinements have focused on defining size cut points that will
identify apparently localized tumors that will develop recurrence and/or metastases despite attempted curative
surgery. In parallel with these studies it has been shown that infiltration of the renal sinus is an important
prognostic factor, being observed in almost all tumors 47 cm in diameter. Questions remain as to the
appropriate stratification of regional extension of RCC, as defined in the T3 tumor-staging category. Recent
modifications to this category have been suggested combining the level of infiltration of the venous outflow
tract with the presence or absence of infiltration of the adrenal gland and/or perirenal fat. Similarly, the utility of
classifying lymph node involvement by tumor is debated, although it is well recognized that lymph node
infiltration is associated with a poor prognosis. Although the current TNM classification does provide useful
prognostic information it would appear that further modifications are justified to enhance the predictive value of
staging for RCC.
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Outcome prediction for renal cell carcinoma (RCC)
remains controversial and although many para-
meters have been tested for prognostic significance,
few of these have achieved widespread acceptance
in clinical practice.1–3

In 1997, the utility of putative prognostic para-
meters for RCC was evaluated by a workgroup
convened as part of the Rochester Renal Cell
Carcinoma Consensus Conference.4 At this meeting

a wide variety of prognostic factors were evaluated
according to the criteria of the College of American
Pathologists Working Classification for Prognostic
Markers.5 Of the numerous markers considered,
only positive surgical margins, metastatic spread,
pTNM stage, sarcomatoid architecture, tumor type,
and tumor grade were classified as category 1
prognostic factors, being considered to be well
supported in the literature and generally used in
patient management. Of interest, no single tumor-
grading system was specified by this working group
as having prognostic significance and the category 1
classification was defined on the basis of the
comparison of low- and high-grade tumors. Despite
this endorsement of both tumor stage and grade as
useful prognostic markers, a number of questions
remain regarding the application of these parametersReceived 1 August 2008; accepted 8 September 2008
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in clinical practice and in particular, the validity of
the grading systems currently employed for RCC has
been questioned.3

Tumor grading

The evolution of renal cell carcinoma grading

The concept of classifying tumors according to the
degree of differentiation was first proposed by
Broders in 1920 in his study of squamous-cell
carcinoma of the lip.6 These criteria were applied
to a series of renal tumors by Hand and Broders in
1932.7 In this study four grades were defined based
on the criteria of Broders (1920), with tumors
divided according to the percentage of the tumors
showing cellular differentiation. Four grades were
defined ranging from grade 1–75% to almost 100%
differentiation, to grade 4–0 to 25% differentiation,
and tumors studied included renal neuroblastoma,
lymphosarcoma, and renal pelvic squamous-cell
carcinoma, as well as clear cell RCC and papillary
RCC. In practice, few RCC contain differentiated foci
that resemble parent tissue and as a consequence
Hand and Broder’s grading system is unworkable for
these tumors. A more rational approach was pro-
posed by Griffiths and Thackray in 1949, who
developed a composite grading system that included
evaluation of cell morphology, tumor architecture,
degree of nuclear pleomorphism, and mitotic rate.8

Three grades were defined and in their series, 5-year
survivals ranged from 72 (grade 1) to 28% (grade 3).

Since the publication of Griffith and Thackray’s
study eight additional composite grading systems
for RCC have been proposed, with classification
criteria including tumor architecture, cellular differ-
entiation, nuclear features, and the presence or
absence of tumor necrosis9–16 (Table 1). In addition
to these, several other grading systems have been
formulated, however, rather than concentrating of
cellular differentiation they include a variety of
morphologic parameters that, in addition to histo-
logic features, included tumor circumscription, and
infiltration into adjacent structures, (summarized in
Arner et al11).

A recurring feature of the various composite
grading systems for RCC is their failure to stratify
the importance of the grading criteria, which
implies that each feature should be given an equal
weighting when tumors are assessed. This assumes
that each of the grading criteria will evolve in
parallel through each of the grades and no attempt
has been made to validate this by the authors. More
recent studies have, in fact, suggested that this is not
the case as, for example, spindle cell or sarcomatoid
RCC, the most extreme degree of dedifferentiation,
does not necessarily exhibit a pronounced degree of
nuclear pleomorphism.17 A number of the compo-
site grading systems are also hampered by limited
defining criteria, with grading based on what was
described as overall microscopic appearance, or T
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degree of differentiation, thus promoting interobser-
ver error. These errors are compounded by a failure
of authors to clearly state if grading should be based
on the highest grade, the average grade, or the
predominant grade present within the tumor. In the
majority of studies significance testing was under-
taken with outcomes being shown to be significantly
different between grades. In some studies, however,
significance was only achieved when lower grades
were pooled and tested against the highest defined
grade.

In an attempt to overcome the difficulty of
assessing multiple features of a tumor simulta-
neously, Myers et al18 introduced a grading system
based on the degree of anaplasia without further
defining grading criteria. This concept was refined
by Skinner et al19 who demonstrated a significant
difference in survivals for their four-tier grading
system. Since the publication of Skinner’s study
nine additional nuclear grading systems have been
proposed13,17,20–26 (Table 2). Of these only one
defines the area of tumor that should be assessed
for grading purposes, basing this on the high-power
field showing the highest nuclear grade.26 In addi-
tion, few clearly state if grading should be based on
the greatest or average degree of nuclear pleomorph-
ism present.

Despite the reported prognostic significance of
many of the proposed composite and nuclear
grading systems, some fail to predict the survival
in the majority of cases adequately. In most grading
systems high- and low-grade tumors are associated
with an unfavorable or favorable prognosis, respec-
tively; however, the majority of RCCs are, in these
studies, classified into the intermediate or middle
grades where outcome is less predictable and in
some classifications there was a lack of statistical
significance when survivals of patients with tumors
in these intermediate grades were compared.

Fuhrman Grading

In most survival studies undertaken over the past 25
years, grading has been based on the criteria of the
Fuhrman classification22 (Table 3). This has gained
widespread acceptance in clinical practice with
Fuhrman’s 1982 report being one of the most cited
studies in the renal cancer literature. Despite this
acceptance, the utility of the Fuhrman grading has
been questioned and studies have highlighted
problems relating to the application of the grading
system as initially proposed.2,17,27

A significant event relating to our assessment of
the behavior of RCC has been the understanding that
this is not a single tumor type, but rather a variety of
tumors that are derived from different parts of the
nephron, having differing genetics, morphologic
features and clinical behaviors. The recommenda-
tions of the Heidelberg and Rochester Consensus
Conferences28,29 and more recently the WHO Classi- T
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fication of Renal Parenchymal Tumors,30 have led to
a reevaluation of a variety of prognostic parameters
for RCC, including tumor grade. As originally
defined, the Fuhrman grading system was based
on a composite series of tumors containing a variety
of RCC subtypes, including clear cell and papillary
RCC. Survival analysis of cases in the original report
showed that grading was significantly related to
outcome over a 5-year follow-up period when grade
2 and 3 tumors were collapsed into a single grade,
which consisted 76% of cases in the series.
Similarly, a number of studies that have investigated
the prognostic significance of Fuhrman grading,
among a variety of morphologic parameters have
contained a mixed series of renal epithelial tumors,
some even including oncocytomas.31–34 These stu-
dies are of limited validity as they fail to take into
account the confounding influence of the prognostic
significance of tumor type.

In recent studies following the publication of the
Heidelberg/Rochester Classification, in which Fuhr-
man grading was tested against survival for large

series of tumors divided according to RCC subtype,
varying results were achieved (Table 4). In studies
limited to clear cell RCC, where statistical analysis
was undertaken, significant differences in survival
were demonstrated between all grades or combined
grades 1 and 2, grade 3 and 4 tumors.37,38,40 These
data, however, did not always retain significance on
multivariate analysis against a variety of staging
parameters (local extension nodal and distant
metastases).38,40 In addition, Fuhrman grading has
been shown to correlate with outcome for pT1 clear
cell RCC, irrespective of tumor size although tumors
were grouped (G1þG2 vs G3þG4) for statistical
analysis.42 For papillary RCC there are little data
regarding the prognostic significance of Fuhrman
grading although in two series grading did not
achieve a significant relationship with outcome on
multivariate analysis that included tumor stage.38,41

Results from studies on chromophobe RCC are even
less conclusive largely because of the small number
of tumors available for study. In one series Fuhrman
grading was shown to correlate with survival

Table 3 Defining features of the Fuhrman grading classification22

Nuclear diameter Nuclear shape Nucleoli

Grade 1 Small (B10 mm) Round, uniform Absent, inconspicuous
Grade 2 Larger (B15mm) Irregularities in outline Visible at � 400
Grade 3 Even larger (B20mm) Obvious irregular outline Prominent at � 100
Grade 4 As for grade 3 with bizarre often multilobed nuclei±spindle cells

Table 4 Distribution of Fuhrman grade and association of grading with survival for published series of RCC

Grades (%)

n 1 2 3 4 Significant association with survival

Clear cell RCC
Gudbjartsson35 558 4 48 37 11 NT
Petard36 3564 –56– –44– NT
Ficarra37 388 29 36 28 7 1+2 vs 3 vs 4 o0.0001a

2 vs 3 o0.001
3 vs 4 o0.02

13 36 39 13 1+2 vs 3+4 o0.0001b

2 vs 3 o0.004
3 vs 4 o0.009

Kim38 686 12 49 29 9 o0.0015c

Amin39 251 6 22 53 20 NT
Ficarra40 333 25 35 33 7 0.0001d

Papillary RCC
Gudbjartson35 53 2 76 23 0 NT
Petard36 396 –67– –33– NT
Kim38 58 13 30 48 9 0.02c

Amin39 73 1 11 78 10 NT
Delahunt41 66 2 76 23 0 NTc

NT, nontested as univariate parameters for individual RCC subtypes; RCC, renal cell carcinoma.
a
Reported grade.

b
Reviewed grade.

c
Not significant in multivariate analysis that included tumor stage.

d
Retains significance on multivariate analysis that included tumor stage.
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although significance was lost on multivariate
analysis.36

The Fuhrman grading system is hampered by a
number of factors. As originally defined, the system
is based on the simultaneous assessment of three
features—nuclear size, nuclear pleomorphism, and
nucleolar prominence, without any objective evi-
dence of concordance between these parameters. In
cases where there is a discrepancy between para-
meters no recommendation is provided to indicate
which grading parameter should be given the most
weight when assigning a grade in individual cases.
Some pathologists attempt to overcome the problem
by confining grading to assessment of nucleolar
prominence alone, and thus neglect the other two
parameters defined in the Fuhrman grading classi-
fication.3

In the Fuhrman system the criteria for nuclear
pleomorphism are poorly defined and features
relating to nucleolar prominence are subject to
interobserver error. In particular many nucleoli
visible at � 400 magnification are visible at � 100,
and the decision as to whether these are sufficiently
prominent at the lower magnification to justify an
assignment of grade 3 is left to the discretion of the
examining pathologist. The uncertainty relating to
the assessment of these criteria is reinforced by the
finding that there is only fair to at-best moderate
interobserver and intraobserver reproducibility for
Fuhrman grading,43–45 and interobserver reproduci-
bility of the Fuhrman system has been shown to be
inferior to the nuclear grading system of Syrjänen
and Hjelt.46 Further evidence of the poor reprodu-
cibility of Fuhrman grading may also be inferred
from the observation that the number of cases within
each grade varies widely between reported series
(Table 4).

Recent investigations have separately assessed the
validity of each of the defining criteria of the
Fuhrman grading classification for papillary and
chromophobe RCC.47,48 For papillary RCC it was
found that of the three parameters of the Fuhrman
system, neither the morphometric measures of
nuclear size nor pleomorphism correlated with
outcome. Nucleolar prominence, based on the
microscopic high-power field showing the greatest
degree of nuclear pleomorphism was significantly
associated with outcome on univariate analysis,
although this was not independent of pT category
or TNM stage.47 For chromophobe RCC not one of
the three grading components was correlated with
outcome, when tested separately, which raises
questions as to the validity of Fuhrman grading for
these tumors.48 Importantly, when tumors in both of
these series were classified on the basis of nuclear
size alone, utilizing the nuclear diameter cut points
proposed by Fuhrman, then all tumors were classi-
fied as grade 1, whereas assessment of focal
nucleolar prominence on its own showed 58% of
papillary RCC and 24% of chromophobe RCC to
exhibit grade 3 characteristics.

Sarcomatoid and Rhabdoid Differentiation

Defined as a diagnostic category in the 1981 and
1998 WHO classifications, sarcomatoid carcinoma is
now considered an extreme form of dedifferentia-
tion of RCC.49 In the Fuhrman grading classification
the presence of spindle cells is feature of grade 4
tumors and outcome studies confirm a poor prog-
nosis consistent with a high-grade malignancy,
with disease-specific survivals at 2, 3, and 5 years
of 28.6–37, 19.1–32, and 14.5–22% being
reported.49–52

Survival of patients with sarcomatoid RCC is
further influenced by stage as in one series patients
with localized disease at presentation had a median
survival of 17 months compared to those with
regional or distal metastases, whose survivals were
7.7 and 7 months, respectively.53 In the majority of
series the proportion of the sarcomatoid component
of the tumor did not correlate with outcome,
however, one study did report a weakly significant
association with survival when tumors were divided
according to a sarcomatoid component of r50 and
450%.51

The genetic abnormalities associated with the
evolution of a spindle-cell morphology are poorly
understood, although losses of chromosome 4q, 6q,
8p, 9, 13q, 14 and 17p, and gains of chromosome 5,
12, and 20 have been noted.54,55 In a separate study
gains of chromosome 1, 2, 6, 10, and 17 have been
demonstrated for chromophobe sarcomatoid carci-
noma.56 There is also evidence to indicate that
carcinomas evolve into sarcomatoid carcinomas
through a variety of mutational steps as collagen
expression of carcinomas showing early spindle-cell
change differs from that of well-developed sarcoma-
toid carcinomas.57 This would appear to validate the
suggestion that for prognostic assessment early
spindle-cell change should not be classified as
sarcomatoid carcinoma.51

The presence of rhabdoid differentiation, charac-
terized by tumor cells with a large irregular nucleus,
prominent nucleolus, and abundant eosinophilic
cytoplasm, has been recognized in the major
subtypes of RCC and has been associated with a
poor prognosis.58–60 In particular, patients with
tumors containing foci of rhabdoid differentiation
are twice as likely to present with extrarenal tumor
spread,58 whereas 71% of patients developed me-
tastases with a mean follow-up of 4.5 months.59

Within 2 years it was also noted that 43% of patients
in this series had died, with a mean survival interval
of 8 months.59

Rhabdoid areas in RCC satisfy the nuclear and
nucleolar criteria for Fuhrman grade 4 and although
most tumors are associated with grade 4 RCC, 3% of
grade 2 and 9% of grade 3 tumors also show
rhabdoid differentiation.58 The proportion of rhab-
doid cells in these tumors varied from 1 to 90%,
however, this does not appear to have any influence
on outcome.59
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Conclusions

Although the poor prognosis of tumors showing
sarcomatoid dedifferentiation or rhabdoid morphol-
ogy, which would be classified as grade 4 tumor
according to the criteria of Fuhrman, is well
recognized, Fuhrman grading of the various subtype
of RCC remains controversial. The Grading Work-
group of the Rochester Consensus Conference27

noted that most existing grading systems in experi-
enced hands have prognostic significance, espe-
cially for low-stage tumors. Despite this they
concluded that an ideal grading system for RCC
has yet to be developed. It was recommended that
grading should be based on nuclear criteria and
further that any grading system should probably
consist of three tiers. They further noted that the
area of tumor that should be assessed for grading
purposes has yet to be defined.

Recent results indicate that for papillary RCC
grading should be based on nucleolar prominence
only and that this should be assessed from the high-
power field in the tumor showing the greatest degree
of nuclear pleomorphism. These data are not
independent of TNM stage, but stratify outcome
within each staging category. None of the proposed
grading systems for RCC has been validated for
chromophobe RCC, and in particular it would
appear that Fuhrman grading is inappropriate for
this tumor type. Beyond this the various grading
criteria of the Fuhrman classification have yet to be
formally assessed separately and validated for the
other subtypes of renal epithelial malignancy,
including clear cell RCC.

Tumor staging

Early Staging Classifications

Tumor stage is acknowledged as the most powerful
prognostic indicator for RCC16,61 and in early reports
metastatic spread, infiltration of the renal vein and
perirenal fat invasion were noted as being associated
with a poor outcome.8 The first formalized staging
system for renal tumors was that of Flocks and

Kadesky published in 195862 (Table 5). A similar
classification was proposed by Petkovic in 1959,63

who placed greater emphasis on the features of
intrarenal tumors by dividing Flocks and Kadesky’s
stage 1 tumors into stages 1 and 2 of his new system.
Robson in 196364 and 1969,65 modified these two
staging systems, subdividing localized extrarenal
invasion (stage 3) according to the structures
involved. In subsequent survival studies the prog-
nostic significance of the Robson staging system has
been validated, although significant differences in
survival between each of the staging categories was
not always observed.2 Of relevance, some reports
have shown that survivals for stage 1 and stage 2
tumors and stage 2 and stage 3 tumors were not
significantly different, whereas in a number of
studies renal vein infiltration was found not to be
a significant prognostic feature.2

UICC/AJCC Classification

In 1978 the Union Internationale Contre le Cancer
(UICC)66 and the American Joint Committee for
Cancer Staging and End Results Reporting (AJCC)
proposed the TNM staging system for RCC (Table 6).
Intrarenal tumors were classified into stages 1 and 2
on the basis of a subjective assessment of tumor size.
Tumors confined to Gerota’s fascia (Robson stage 2)
were grouped into stage 3 along with those tumors
showing vascular invasion, which themselves were
subdivided according to the vessels involved, ran-
ging from microscopic invasion of the renal vein to
tumor thrombus in the vena cava. This 1978
classification has been validated in studies,67,68

although in some investigations not all categories
showed independent prognostic significance and in
particular the importance of microscopic infiltration
of the renal vein has been questioned.69

The main difference between the Robson and
TNM classifications is that the Robson system
emphasizes those tumors that show extrarenal
spread (stages 2–4). The TNM system is more
focused on intrarenal tumors, in an attempt to
predict outcome in those patients who have under-
gone attempted curative surgery.

Table 5 Comparison of early staging systems for RCC

Flocks and Kadesky62 (cases/survival)a Petkovic63 (cases/survival)b Robson et al65 (cases/survival)a

1 Limited to renal capsule (76/46%) Intrarenal encapsulated solitary (12/75%) Confined to kidney (33/66%)
2 Renal pedicle and/or renal fat invasion

(59/37%)
Intrarenal extension, tumor capsule
penetration (22/55%)

Confined to Gerota’s fascia
(15/64%)

3 Regional lymph node involvement (33/9%) Invasion of renal capsule and/or renal vein
and/or regional lymph nodes (46/4%)

3a: Gross renal vein invasion
3b: Lymph node invasion
3c: Combined a and b (27/42%)

4 Distal metastases (116/3.5%) Distant metastases (18/6%) 4a: Adjacent organs involved
4b: Distant metastasis (12/11%)

a
5-year survival (%).

b
Survivors (length of survival not stated).
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Tumor Size (TNM Categories T1 and T2)

In the 1978 edition of the TNM classification,
tumors localized to the kidney were grouped into
category T1 or T2 on the basis of size and the
presence or absence of distortion or enlargement of
the kidney and/or collecting system; however, no
defining size cut points were specified. Follow-up
studies showed that the survival for T1 tumors was
similar to that for T2 tumors,16,70 which probably
reflected the subjective nature of T1/T2 categoriza-
tion of tumors. In other studies undertaken to
validate the 1978 TNM classification, no attempt
was made to divide tumors according to size for
survival analysis.69

The UICC/AJCC TNM staging classification was
modified in 1987, 1993 (supplement), 1997, and
2002.71–74 In these later editions of the TNM system,
cut points were defined for stage 1 and stage 2
tumors and in subsequent editions modifications
were made to these sizes. In the 1987 edition the cut
point was at 2.5 cm as it was considered that tumors
smaller than this were unlikely to have metastasized
before surgery. This was, however, found to be
lacking in discrimination as few tumors are
o2.5 cm, with this category comprising 1 to 8% of
reported series.75 In the 1993 supplement the T2
category was expanded into four subcategories
(T2a 42.5–5 cm, T2b 45–7.5 cm, T2c 47.5–10 cm,
and T2d410 cm) and in 1997, this subclassification
was replaced with the recommendation that the
T1/T2 cut point be 7 cm. In follow-up studies, this
cut point was found not to adequately stratify
metastasizing and non-metastasizing tumors and
in 2002 the T1 category was subdivided into T1a
and T1b, with a cut point at 4 cm. This was
proposed as it was considered that tumors r4 cm

were likely to be organ confined and being
localized were thus suitable for treatment by partial
nephrectomy.

Numerous investigations into the prognostic sig-
nificance of tumor size for localized RCC have been
reported, and in separate studies cut points of 4, 4.5,
5, 5.5, 6.5, 7.5, and 10 cm have been shown to have
prognostic significance.42,76–80 These findings are
not surprising as detailed analysis of tumor size as a
continuous variable has shown that the probability
of death increases with tumor size (3.51� for each
doubling of tumor size).81 As a consequence any
arbitrary cut point will likely be significantly
associated with survival providing that the sample
size is sufficiently large.

Regional Spread of Tumor (TNM Category T3)

Tumors categorized as T3 have been noted to have a
variable outcome, and in particular, no differences
in outcomes for T2 and T3a categories have been
reported.82 In this study it was noted that, as
defined, the T3a category consisted of a diverse
group, ranging from small tumors with favorable
outcome to large tumors that subsequently recurred.
It was further shown that if perirenal invasion was
ignored and tumors grouped according to size alone
(T1a r4 cm, T1b44–r7 cm, T2a47–r10 cm, and
T2b410 cm) a greater correlation with outcome was
obtained. In other studies, however, renal sinus and
perirenal fat invasion has been shown to be of
prognostic significance independent of tumor size.83

In the 1978 TNM classification, tumors infiltrating
the renal pelvis were categorized as T3pel, however,
this was deleted from subsequent editions. In recent
studies the prognostic significance of infiltration

Table 6 Evolution of the UICC/AJCC primary tumor staging category for RCC

UICC TNM (1978)66 T—primary
tumor

UICC TNM (1987)71 T—primary
tumor

UICC TNM (1997)73 T—primary
tumor

UICC TNM (2002)74 T – primary
tumor

Intrarenal (small) T1r2.5 cm, limited to kidney T1r7 cm, limited to kidney T1ar4 cm
T1b 44–r7 cm

Intrarenal (large) T242.5 cm, limited to kidney T247 cm, limited to kidney T247 cm

T3a: Confined to Gerota’s fascia
T3cap: Involves renal capsule
T3pel: Involves renal pelvis
T3m: Involves renal vein
(microscopic)

T3a: Invades adrenal gland or
perinephric tissues, but not
beyond Gerota’s fascia

T3a: Invades adrenal gland or
perinephric tissues but not
beyond Gerota’s fascia

T3a: Invades adrenal gland,
perirenal tissues including renal
sinus (peripelvic) fat

T3b: Involves renal vein T3b: Grossly into renal vein or
vena cava

T3b: Grossly into renal vein or
vena cava below diaphragm

T3b: Into renal vein, including
segmental (muscle containing)
branches or cava below
diaphragm

T3c: Involves renal vein and
infradiaphragmatic vena cava

T3c: Grossly into vena cava
above diaphragm

T3c: Vena cava above diaphragm

T4a: Invasion of adjacent
structures
T4b: Supradiaphragmatic vena
cava infiltration

T4: Invades beyond Gerota’s
fascia

T4: Invades beyond Gerota’s
fascia

T4: Invades beyond Gerota’s
fascia

AJCC, American Joint Committee for Cancer Staging and End Results Reporting; UICC, Union Internationale Contre le Cancer.
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into the tissues of the renal sinus has been
specifically addressed and shown to predict out-
come.84 Separate reports have also shown infiltra-
tion of lymphatics and small blood vessels in the
renal sinus to have prognostic significance.85,86

From these studies it appears that tumor size
predicts renal sinus invasion, as this is seen in
97% of tumors 47 cm in diameter. These observa-
tions have been confirmed for clear cell RCC,
papillary RCC, and chromophobe RCC, although
involvement of the renal sinus was found to be less
frequent in the latter two tumor subtypes.87 This
study also confirmed that invasion of the renal sinus
was associated with a less favorable outcome when
compared to infiltration of extrarenal sinus perirenal
fat, although these findings have been challenged as
similar survivals have also been reported for
perirenal and renal sinus fat invasion.88 Despite this
conflicting report, renal sinus invasion appears to
have significance as a prognostic parameter and this
feature has been added to the T3a category of the
UICC classification. As the importance of this
parameter has been only recently described, retro-
spective studies must rely on material collected at a
time when no emphasis was made on adequate
sampling of the renal sinus. For this reason these
studies should be treated with caution and con-
firmation as to the prognostic importance of renal
sinus invasion must be sought from tumor series
collected prospectively.

The T3 category of the 1978 TNM classification
was divided into five subcategories based on renal
capsule and vascular invasion, without reference to
infiltration of the adrenal gland. This omission was
rectified in the 1987 edition of the classification,
with direct adrenal gland invasion being classified
as T3a along with invasion into perirenal tissues,
but not beyond Gerota’s fascia.

In reported series, direct infiltration of the
ipsilateral adrenal gland is rarely encountered and
is seen in approximately 0.8–2.5% of patients
treated by radical nephrectomy.89,90 In the 2002
edition of the TNM classification both direct
infiltration of the adrenal gland and infiltration into
perirenal fat remain classified as category T3a. From
published series this would appear inappropriate as
patients with direct extension of tumor into the
adrenal gland have been shown to have a poor
prognosis, with 5-year survival of 20.2% being
similar to that for pT4 tumors.91,92 Direct spread of
tumor to the adrenal is differentiated from meta-
static spread, which is currently included in
category pT4 of the TNM system. Adrenal metas-
tases are seen in up to 10% of RCC in surgical series
and 29% of RCC at post mortem. The prognosis of
metastatic spread to the adrenal gland is, however,
not as poor as that resulting from infiltration of
tumor to other organs, as in large series the presence
of solitary adrenal metastasis was associated with
5- and 10-year survivals of 61 and 31%, respectively.
This compares with survivals of 19 and 16% for

patients with combined adrenal and extraadrenal
metastatic spread of tumor.93

Microscopic invasion of the renal vein was
omitted from the 1987 edition of the TNM classifi-
cation and vascular involvement was grouped
according to invasion of the renal vein or the vena
cava (T3b). In 1997, the T3b category was further
subdivided into tumor extending into renal vein or
the vena cava below the diaphragm (T3b) or into
vena cava above the diaphragm (T3c).

There are limited studies that investigate the
prognostic significance of microvascular invasion
of the renal vein by RCC, although recent evidence
suggests that this may have prognostic utility. In a
small series of mixed histology T1 and T2 tumors,
microvascular invasion was shown to correlate with
outcome and this was found to be independent of T
category, grade and perirenal fat invasion.94 In
earlier studies the presence of microvascular inva-
sion of the renal vein was also found to be associated
with a significantly higher rate of tumor recurrence
following nephrectomy.95,96 Microvascular invasion
has also been shown to correlate with the develop-
ment of metastases and with survival, independent
of tumor size, primary tumor category—pT1 to pT3,
and Fuhrman grade.97

There is continuing debate as to the prognostic
significance of the level of tumor thrombus within
the renal vein and vena cava. In 2004, the Mayo
classification of macroscopic venous invasion in
RCC was proposed that defined five levels of
thrombus, ie 0—within the renal vein, I—within
the inferior vena cava o2 cm from its confluence
with the renal vein, II—within the inferior vena cava
42 cm above the confluence but below the hepatic
vein, III—within the intrahepatic vena cava, and
IV—within the vena cava above the diaphragm or in
the atrium.98 In subsequent studies conflicting
results as to the prognostic significance of this
classification have been reported, with some studies
validating the classification,99–100 whereas others
have shown that the level of tumor thrombus
beyond the renal vein does not influence survi-
val.101–105 To predict the outcome more accurately in
locally advanced disease, additional parameters
have been proposed to further stratify tumors
showing vascular invasion. In particular, the poor
prognosis associated with perirenal fat, adrenal and
Gerota’s fascia infiltration has led to the incorpora-
tion of those features into a proposed modification
of pT3–4 criteria.92,101,106 In this modification, which
is based on international multicenter studies, cases
have been grouped according to the presence of
tumor thrombus within the renal vein or infra-
diaphragmatic vena cava, or the presence of perire-
nal fat invasion (group 1), fat invasion with either
renal vein or infradiaphragmatic vena cava throm-
bus, or adrenal gland invasion (group 2) and adrenal
involvement with either renal vein or infradiaphrag-
matic vena cava thrombus, or supradiaphragmatic
vena cava thrombus or Gerota’s fascia invasion
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(group 3) with 5-year survivals for each group being
shown to be 61, 35, and 12.9%, respectively.106

Although this would seem to be a promising
advance, further studies and necessary to validate
this proposed modification of the TNM system.

Lymph Node Metastases

The poor prognosis associated with the presence of
lymph node metastases was recognized in the early
staging systems for RCC. In the Flocks and Kadesky
classification,62 lymph node involvement was sepa-
rated from infiltration of the renal fat and/or renal
vein and was shown to have an outcome more
favorable than that for patients with metastatic
tumors. Outcome for these cases was further
stratified by treatment, with 14% of patients who
underwent surgery alive at 5 years compared with
0% in the nontreated group. Petkovic63 classified
tumors showing renal capsule and renal vein
involvement along with lymph node infiltration as
stage 3, although the 5-year survival of this group
did not differ from those with metastatic disease. In
Robson’s classification,65 which was based on
patients who had undergone lymphadenectomy,
lymph node infiltration was associated with a
5-year survival of 35% compared with 45% for
tumors with renal vein involvement and 11% for
patients with distant metastases.

In the UICC/AJCC TNM classifications, the pre-
sence or absence of regional node involvement is
separated from the T-staging category and in the
1978 classification66 tumors were categorized into
five groups: N0—no nodal involvement, N1—single
ipsilateral node involved, N2—multiple regional,
contralateral, or bilateral nodes involved, N3—fixed
regional nodes, and N4—juxtaregional lymph nodes
involved. For the 1987 edition of the classification,71

the N category was redefined according to criteria
based on the size of the involved lymph node (N0—
no regional lymph node metastases, N1—single
lymph node involved r2 cm diameter, N2—single
lymph node 42 to o5 cm in diameter or multiple
lymph nodeso5 cm in diameter involved, and N3—
involved lymph node(s) 45 cm in diameter). The
N1–3 categories of the fourth (1987) edition of the
TNM classification were reduced to two categories
in the fifth edition (1997),73 with cases divided
according to the presence of metastases in a single
regional lymph node (N1) or in multiple nodes (N2)
and these criteria were retained in the sixth edition
(2002) of the classification.74

Despite the detailed classification of lymph node
metastases in the N category of the 1978 and 1987
editions of the TNM system, most studies that focus
on the prognostic significance of lymph node
involvement restrict their analyses to the absence
(N0) and presence (Nþ ) of nodal disease. In one,
large series nodal infiltration was seen in 18% of
cases and irrespective of T category, the 5-year
survival rate of patients with N0 tumors was found

to be significantly different from those with Nþ
tumors, being 74 and 10%, respectively.16 Giuliani
et al107 reported a 5-year survival rate of 52% for Nþ
tumors with no evidence of extrarenal metastases in
their series. This rate was similar to that of patients
with pT3N0M0 tumors and was significantly higher
than the 7% observed for patients with distant
metastases.107 In this study they also found that the
number of involved nodes (1 vs 42 nodes) did not
correlate with outcome. In later survival studies
nodal involvement (N0 vs N1–3) was found to confer
an unfavorable prognosis and this was shown to
retain significance along with patient age and pT
category, on multivariate analysis.108 In a further
study utilizing the criteria of the 1987 TNM
classification, no difference in survival was demon-
strated between pN1 and pN2 categories following
extensive lymphadenectomy, with 5-year survivals
of 32 and 38% respectively, although the 5-year
survival for patients with pN3 disease was markedly
decreased at only 6%.109

More recently, significant differences in survivals
for N0 and Nþ tumors have been reported, with the
risk of mortality increasing with an increasing
numbers of involved lymph nodes.110 In view of
this, it is of interest that the number of Nþ nodes
has been shown to be higher in those cases where
greater numbers of lymph nodes are sampled and it
has been recommended that 412 nodes be exam-
ined for staging purposes.111

In validation studies of the N category of the 2002
TNM classification, it was found that there was no
difference in the survival rate of pN1 and pN2
tumors at 5 years follow-up (20 and 17%, respec-
tively).112 When cases were divided at r4 and 44
involved nodes, the difference in survival between
the two groups was significant. It was also shown
that survival decreased with an increase in the
percentage of involved nodes in each case, with
significance being achieved at a cut point of 60%.

Studies investigating the prognostic significance
of lymph node metastases have almost entirely been
restricted to series of mixed subtypes of RCC.
Recently Margulis et al113 showed that patients with
papillary RCC had a significantly increased risk of
lymph node metastases when compared to patients
with clear cell RCC. Interestingly the 5-year survival
rate for papillary RCC (65%) was significantly
higher than that of clear cell RCC (19%) in this
series. This highlights the importance of classifying
tumors according to subtype if meaningful results
are to be obtained from studies investigating the
prognostic significance of staging parameters.

The place of lymphadenectomy in the manage-
ment of RCC has been widely debated. It has been
shown that extensive lymphadenectomy confers no
survival advantage in those patients where there is
no clinical evidence of lymph node involvement by
RCC.114,115 It has also been shown that although
lymph node dissection is associated with increased
survival in the short term—with an increased

Grading and staging of RCC
B Delahunt

S32

Modern Pathology (2009) 22, S24–S36



median survival of 5 months, this advantage was
lost over a 5-year follow-up period.115

Lymph node metastases have been reported in 9–
27% of cases of RCC,107 however, evaluation of the
role of lymph node dissection in the management of
patients with RCC is hampered by the relative
scarcity of patients with lymph node metastases in
the absence of extranodal tumor spread. This is
highlighted by autopsy studies on patients with
clinically unrecognized disease, where only 4.2% of
cases were found to have metastases confined to
lymph nodes.116 The identification of patients who
are likely to have occult nodal metastases may be
aided by the recent findings that focused on
intrarenal lymphatic infiltration by tumor. In one
series the presence of lymphatic infiltration was
significantly associated with lymph node metastases
whereas, in another, this was shown to be the only
independent predictor of regional nodal involve-
ment by tumor.117,118 In addition to these findings it
is likely that the increased utilization of high-
resolution imaging will also provide an impetus
for future research into the prognostic significance
of nodal disease.

Conclusions

Over the past 30 years numerous evidence-based
amendments have been made to the TNM staging
system for RCC, in an attempt to more accurately
predict patient outcome.

The prognostic significance of primary tumor size
is well recognized and there is good evidence to
suggest that tumor size also predicts infiltration of
tumor into the renal sinus and is thus a dependent
prognostic variable. Confirmatory studies as to the
prognostic importance of renal sinus invasion are
necessary and this emphasizes the necessity of
careful dissection of the renal sinus to confirm or
refute extrarenal spread of tumor and permit
accurate assignment of pT category.

Regional spread of RCC is currently categorized as
pT3, however, debate remains regarding the strati-
fication of extent of spread of the various compo-
nents of this category. Direct infiltration of the
adrenal gland is a poor prognostic feature and in
the current edition of the TNM system appears to be
understaged. Vascular infiltration by RCC is asso-
ciated with decreased patient survival rates. Recent
studies have indicated that extent of spread of tumor
within the renal venous outflow tract, in conjunc-
tion with the presence or absence of local spread
into the adrenal gland or perirenal fat, gives a more
accurate estimate of outcome than assessment of
level of venous spread alone. There is also increas-
ing evidence to indicate that microscopic infiltra-
tion of the renal vein is of prognostic significance
and further studies are necessary to confirm if this
should again be included as a component of pT3
category.

The poor prognosis associated with infiltration of
lymph nodes by RCC has been confirmed in several
studies. In early editions of the TNM classification,
attempts were made to subdivide lymph node
involvement into several subcategories without
formal validation. More recently, studies have
suggested that outcome is influenced by the number
of involved lymph nodes, with the optimum cut
point being four involved nodes. There is also
evidence to suggest that the presence of intrarenal
lymphatic infiltration is a predictor of the presence
of tumor in regional lymph nodes.

The TNM staging classification for RCC continues
to evolve and it is anticipated that large-scale
multicentric studies will allow further refinement
of its defining features.
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