
&p.1:Abstract The epithelial tumours of the adult kidney, in
particular renal cell carcinoma (RCC), are a variety of
neoplasms that can be classified by morphology and gen-
otype. Although most are well characterised, typical and
less typical tumour variants are recognised. There is evi-
dence to indicate that stage is one of the most important
prognostic factors, irrespective of tumour subtype. How-
ever, the appropriate handling of nephrectomy specimens
is essential for accurate evaluation of diagnostic and
prognostic factors in RCC. The problem of how to
achieve more objective nuclear grading is still unre-
solved. The use of diagnostic decision support systems
offers the possibility of a flexible approach to this prob-
lem, while still utilising morphological criteria. The his-
topathological analysis remains important, but new tech-
niques of molecular and cell biology will be providing
new tools of extraordinary power to sharpen the diagno-
sis and give it a biological interpretation.
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Introduction

The Seminar on Renal Tumour Pathology was held in
Ancona, Italy, on 27 and 28 February, 1998. The purpos-
es of this meeting were:
• To outline the successive steps the pathologist should

follow in the histological assessment of the nephrecto-
my specimens;

• To give an overview of the most recently proposed
classifications of renal cell tumours;

• To compare the 1997 revision of the TNM staging
system with the previous revision made in 1992 and
with the Robson scheme; and

• To outline the existing problems with the grading sys-
tems usually adopted by practising pathologists.

Subsequent sections of this paper contain the presenta-
tions given by the authors and a summary of the conclu-
sions reached.

Assessment of nephrectomy specimens (Table 1)

Useful clinical information prior to examination includes
the kidney laterality, the size and site of the lesion and
the type of surgical operation performed by the urologist
[48, 52, 59]. The side of origin is usually apparent from
the supero-medial location of the adrenal, the ureter ex-
tending to the inferior pole and the relationship of hilar
structures. The latter, usually located by the presence of
terminal ligatures, include the renal vein, artery and pel-
vis in an anterior-to-posterior distribution. The latter
guide is not so clear as the anatomy diagrams, as branch-
es and tributaries of both artery and vein may be found in
a different plane from the main vessel and can easily be
easily mistaken for it [30].

Fresh tissue, both tumour and normal kidney away
from the neoplasm, is easily located by palpation, and a
tissue cube can then be removed without undue distor-
tion of the specimen. Removal of a segment of macro-
scopically normal ureter does not compromise the diag-
nosis and provides one of the few opportunities to obtain
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normal control urothelium. A fresh specimen or one that
has been in formalin for only a few hours should be bi-
sected longitudinally through the hilum to facilitate fixa-
tion.

In agreement with recent views expressed by Eble
[14], inking and weighing of radical nephrectomy speci-
mens is not a logical practice. Tumours extending to the
limits of resected adipose tissue are rare. Furthermore, in
contrast to the situation with a relatively smooth dense
tissue surface (e.g. prostate), the ink applied to a lobular
fatty contour spreads extensively into the tissue, thereby
defeating its purpose. The only exceptions are various
forms of partial nephrectomy specimens. These are inked
to establish the tumour status of the renal limit.

After fixation and before any further dissection, the
limits of the artery, vein and ureter are sampled [54]. If
these structures are macroscopically normal, the justifi-
cation for microscopical assessment can be questioned.
However, if one returns to sample these components af-
ter initial microscopic examination, they are frequently
difficult to find. The ureteric length and diameter are re-
corded, the ureter is opened, and any abnormality is de-
scribed and sampled (these are rare). Inspection of the
hilar area occasionally reveals lymph nodes. These
should be described, bisected and sampled. The absence
or presence of the adrenal is noted, any abnormalities de-
scribed and the gland sampled in one block.

If the initial bivalving incision has passed through the
centre of the tumour it can be described at this point;
otherwise a complete assessment awaits later slicing.
The neoplasm is measured, and a third dimension can be
added when the adipose tissue has been removed. It is
described in terms of location (relationship to upper,
middle or lower pelvi-calyceal system, renal vein, hilar
adipose tissue, medulla, cortex, renal outline and perire-
nal adipose tissue) and morphology (colour, necrosis,
calcification and cystic change). The blocks selected
should reflect the above relationships and different mac-
roscopic appearances of the tumour. There are no recom-
mendations relating tumour size to microscopic hetero-
geneity from which rules may be derived as to a tumour

size/block ratio. The most frequent error in sampling re-
nal tumours is to take blocks from the surfaces revealed
by bisection and not to sample the most highly in-
filtrative areas, which only become apparent on further
slicing. This is noted especially at the interface between
tumour and compressed kidney or fibrous “capsule” and
Gerota’s fascia (perirenal adipose tissue).

Further slices parallel to the initial incision can be
taken at 2–5 mm through both halves of the kidney with
Gerota’s fascia intact. This sequence makes subsequent
removal of the capsule to look for additional abnormali-
ties difficult. It is easier to strip the capsule and fascia
from both halves while they are intact. This blunt dissec-
tion should start from the normal kidney and, on ap-
proaching the surface of the tumour, any points of adher-
ence or tumour infiltration of adipose tissue can be sam-
pled. The presence of scars, cysts and additional tumours
is noted, together with the distribution and size of the
latter two, which are sampled. Finally, a block of normal
kidney away from the tumour is taken, to include cortex,
medulla and associated papilla.

There are few occasions when conventional RCC
comprising nodular yellow, haemorrhagic necrotic tu-
mour fails to be evident on “bivalving ” of the kidney. It
is important for block selection to be aware of the differ-
ential diagnoses of space-occupying lesions defined by
imaging techniques that may prompt nephrectomy. Occa-
sionally, a tumour that proves to be RCC microscopically
is white or grey rather than yellow. This macroscopic ap-
pearance is usually associated with higher grade (spin-
dle-cell) tumours. Other white tumours include transi-
tional cell and collecting duct (medullary) carcinomas.
The transitional cell carcinoma likely to be confused
with an RCC on imaging is one arising from flat carcino-
ma in situ of the pelvis with extensive infiltration of the
kidney but without an intrapelvic component. When this
last diagnosis is a possibility, additional pelvic and ure-
teric blocks are helpful, and the ureteric limit becomes
essential. A collecting duct tumour should be suspected
in a young person with sickle cell disease. Its consider-
ation should prompt close inspection and sampling of the
papillae to confirm or exclude the necrosis that is associ-
ated with this haemoglobinopathy.

A multicystic mass commonly proves to be cystic
RCC, but on imaging techniques and macroscopy multi-
cystic nephroma may have a similar appearance. As mi-
croscopic interpretative difficulties may be predicted, ad-
ditional blocks from the lesion are valuable. An oncocy-
toma is rarely diagnosed pre-operatively. The character-
istic “cartwheel” on arteriography reported in the litera-
ture has rarely been seen, and arteriography is now infre-
quently performed for the investigation of tumours.
Oncocytomas are brown/tan in colour, and homogeneous
except for a central scar. It is valuable to submit tissue
for electron microscopy, as the numerous mitochondria
replacing the usual cell organelles are a characteristic
finding. Angiomyolipomas are usually submitted as
such, as they are recognised on imaging techniques by
virtue of their fat content. However, in those where the
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Table 1 Aims in the assessment of lesions diagnosed clinically as
renal cell tumour&/tbl.c:&tbl.b:

1. Production of a tissue diagnosis (very few patients have a pre-
operative biopsy)

2. Generation of prognostic information (currently stage and
grade)

3. Examination of the non-tumour kidney to exclude pathology, al-
beit rare, which may be bilateral and clinically relevant to a pa-
tient with only one kidney

4. Production of a detailed macroscopic description to allow com-
parison with imaging studies and to facilitate audit of these
techniques (a copy of the pathology report should be sent to the
radiologist who essentially made the clinical diagnosis)

5. A combination of (1) and (2) are of value in surgical audit and
allow accurate epidemiological information to be collected (es-
pecially relevant as the mode of presentation and classification
of renal tumours are changing)

6. Preservation of tissue for future research investigations

&/tbl.b:



vascular and muscle components predominate a preoper-
ative diagnosis of RCC may be made.

Xanthogranulomatous pyelonephritis can present as a
space-occupying mass. This benign inflammatory condi-
tion is usually suspected clinically because of its associa-
tion with stones and urinary tract infections. Macroscop-
ically, the normal renal architecture is effaced and the
pelvi-calyceal system is ulcerated and replaced by soft
bright yellow tissue, which in the later stages forms
frank nodules extending into perirenal adipose tissue. In
this context the staging blocks are redundant.

Very rarely, equivocal imaging appearances and urine
cytology reports prompt nephrectomy for haematuria and
no obvious lesion is seen when the specimen is halved.
Before the kidney is sliced further, it is important to es-
tablish the exact site of the imaging abnormality. It is
very easy to miss a papillary hamartoma or pericalyceal
haemangioma. When no lesion consistent with the imag-
ing abnormality can be found and subsequent microscop-
ical appearances on haematoxylin and eosin-stained sec-
tions are normal, medical causes of haematuria must be
considered (although these commonly cause bilateral
symptoms).

Classification of renal epithelial tumours

There have been many attempts to devise an accurate
classification system for renal cell tumours that could be
applied in every pathology laboratory and which is really
meaningful to pathologists and urologists in their daily
clinical practice. In past decades, widely used classifica-
tions for renal cell tumours were based on traditionally
held ideas on histogenesis and differentiation. The World
Health Organization (WHO) and the Armed Forces Insti-
tute of Pathology suggested a proximal tubular origin of
renal cell tumours and described the cellular phenotype
and growth pattern [5, 46, 50]. Thoenes et al. extrapolat-
ed the presumed cellular origin by comparing the tumour
cells with their counterparts in different areas of the ma-
ture nephron [61].

Renal cell tumours display a heterogeneous morphol-
ogy, being composed of admixtures of clear, granular or

chromophilic and spindle-shaped cells, and their pheno-
type may change during progression. Thus, they do not
necessarily retain the phenotype of their supposed pro-
genitor cell. These findings suggest that a transition be-
tween different phenotypes takes place during progres-
sion and that the cell type cannot therefore be used as an
adequate parameter for accurate diagnosis [13].

Advances in the understanding of the genetics under-
lying the development of renal cell neoplasms have led
to the recognition of distinctive types of tumours. In fact,
genetic alterations transmitted during cell division play a
part in determining both the morphology and the behav-
iour of tumours. This means that a histopathological
classification, which is based on the genetic abnormali-
ties involved, is robust in terms of biology, clinical be-
haviour and response to therapy [35].

The most recent classifications taken into consider-
ation in the Ancona meeting were the “Heidelberg Clas-
sification of Renal Cell Tumours” presented at the work-
shop on “Impact of Molecular Genetics on the Classifi-
cation of Renal Cell Tumours” held in Heidelberg in Oc-
tober 1996 [36], the “Classification of Renal Cell Carci-
noma” presented at the conference on “Diagnosis and
Prognosis of Renal Cell Carcinoma” held in Rochester,
Minnesota, in March 1997 and sponsored by the WHO
in collaboration with the Union Internationale Contre le
Cancer (UICC), the American Joint Committee on Can-
cer (AJCC), Mayo Clinic and Mayo Foundation, the Pa-
cific Northwest Cancer Foundation and other sponsoring
groups [8, 60], and the histological classification of the
epithelial tumours of renal parenchyma published in
1998 by the World Health Organization [45].

The Heidelberg Classification of Renal Cell Tumours
was based on current genetic knowledge and was judged
to correlate with recognisable histological findings. The
proposed classification subdivides renal cell tumours into
benign and malignant parenchymal neoplasms and,
where possible, limits each sub-category to the most
commonly documented genetic abnormalities. Benign tu-
mours were subclassified into metanephric adenoma and
adenofibroma, papillary renal cell adenoma, and renal
oncocytoma. Malignant tumours were subclassified into
common or conventional renal cell carcinoma; papillary
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Heidelberg 1997 UICC/AJCC 1997

Benign Benign
Metanephric adenoma and adenofibroma Metanephric adenoma and adenofibroma
Papillary renal cell adenoma Papillary adenoma
Renal oncocytoma Renal oncocytoma

Malignant Malignant
Common or conventional Conventional (clear cell) renal carcinoma
renal cell carcinoma
Papillary renal cell carcinoma Papillary renal cell carcinoma
Chromophobe renal cell carcinoma Chromophobe renal cell carcinoma
Collecting duct carcinoma Collecting duct carcinoma
(variant: medullary carcinoma) (variant: medullary carcinoma)
Renal cell carcinoma, unclassified Renal cell carcinoma, unclassified

&/tbl.b:

Table 2 Renal cell neoplasms.
Comparison between the Hei-
delberg and UICC/AJCC clas-
sifications [36, 60]&/tbl.c:&tbl.b:



renal cell carcinoma; chromophobe renal cell carcinoma;
collecting duct carcinoma, with medullary carcinoma of
the kidney; and renal cell carcinoma, unclassified.

The “Classification of Renal Cell Carcinoma” pro-
posed at the Mayo Clinic Meeting is based on morpholo-
gy and is in line with genetic facts as they are presently
understood and with the evolution of the neoplasms. The
proposed classification took into consideration the fol-
lowing items: the terms should be simple, unambiguous,
and reflect a salient morphological feature of the neo-
plasm; the terms should be consistent with historical us-
age where possible, but when the meaning has changed
significantly they should be replaced with new terms; a
term is not a description and cannot encompass all of the
morphological variations of a neoplasm. The classifica-
tion proposed by UICC and AJCC shows many similari-
ties with the “Heidelberg Classification” [36]; it repre-
sents a further refinement of this (Table 2), still based on
a strong genetic background. In both classification pro-
posals, sarcomatoid carcinoma was viewed as a manifes-
tation of high-grade carcinoma of the type from which it
arose. The term “granular cell renal cell carcinoma”
must no longer be used (descriptive terms previously
used as diagnosis).

The histological classification of the epithelial tu-
mours of renal parenchyma published in 1998 by the
WHO [45] is based on the microscopic characteristics of
tumours. Therefore, this classification is concerned with
morphologically identifiable cell types and histological
patterns as seen with conventional light microscopy.
Since the tumour may show more than one cell type, the
predominant cell determines the category.

The neoplasms are divided into benign and malignant.
Papillary/tubulopapillary adenoma, oncocytic adenoma
(oncocytoma) and metanephric adenoma are included in
the group of benign epithelial tumours of the renal pa-
renchyma. The carcinomas are subdivided into renal cell
carcinoma (clear cell, granular cell, chromophobe cell,
spindle cell, cyst-associated renal cell, and papillary re-
nal cell carcinomas) and collecting-duct carcinoma.

The basic difference from the first two classifications
reported above is that the WHO classification lists gran-
ular cell carcinoma, spindle cell carcinoma (synonym:

sarcomatoid carcinoma) and renal medullary carcinoma
as distinct entities, whereas it does not identify renal cell
carcinoma, unclassified, as a separate entity. Medullary
carcinoma is not classified by the WHO as a variant of
collecting duct carcinoma, but it is placed among the epi-
thelial tumours of renal pelvis. In addition, the WHO
classification introduces two separate categories to en-
compass renal cell carcinoma originating in renal cysts
and cystic renal cell carcinoma (i.e. cyst-associated renal
cell carcinoma).

Tumour stage

Numerous parameters have been evaluated as prognostic
markers for RCC, with conflicting results [3, 11, 34, 58]
(Table 3). At present only tumour stage has gained wide-
spread acceptance among pathologists and urologists as
in indicator of patient outcome.

Ultrasonography, computed tomography and, recent-
ly, magnetic resonance imaging have dominant roles in
the diagnosis of RCC and its clinical staging [10, 37,
40]. All these methods have a low sensitivity (about
40%) but a high specificity (95–100%) [10].

At the end of the 1950s two very simple staging sys-
tems derived from pathological findings were presented
by urologists [15, 51]. In both systems the main prognos-
tic factors were tumour extension (organ confined or
not), regional lymph node involvement and distant me-
tastases. Although the morphological variables used
were rather crude, some correlation with survival was
demonstrated. Robson et al. [53] presented a more elabo-
rate staging system. Gross vein or/and lymphatic in-
volvement and transgression of the Gerota’s fascia were
introduced as new staging criteria.

Combining Robson’s staging and their own histologi-
cal (pattern) grading system, Hermanek et al. [27] elabo-
rated a classification scheme with better accuracy than
stage and grade alone. The so-called Erlangen classifica-
tion distinguished good cancer (grade 1, stages I/II) from
bad cancer (any grade, stage IV or grade 3, stages II/III).
All other combinations (grade 1, stage III or grade 2–3,
stage I or grade 2, stages I/II/III) were called intermedi-
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I: Well supported by the literature; Positive surgical margins; multiple metastases,
generally used in patient management or solitary metastasis unresectable,

located in the lung or liver; stage; grade;
histological type; architecture (sarcomatoid)

II: Extensively studied biologically IIA: Tested in clinical trials
and/or clinically None

IIB: Biological and correlative studies performed:
few clinical outcome studies

Histological type (collecting duct carcinoma);
nuclear morphometry; DNA content; proliferation
markers such as Ki-67 and AgNORs

III: Currently do not meet criteria S-phase fraction; PCNA, apoptotic markers; growth factors;
for category I or category II cell adhesion molecules; angiogenesis; host response factors;

tumour suppressor genes and oncogenes; cytokines;
cytogenetic abnormalities/loss of heterozygosity

&/tbl.b:

Table 3 Prognostic factors for
renal cell carcinoma (tumour-
related; subdivided according
to the College of American Pa-
thologists Working Classifica-
tion for Prognostic Markers)
[24, 34, 58]&/tbl.c:&tbl.b:



ate cancer. The classification became obsolete because
the grading was based on histological criteria different
from those that are now generally accepted [60]. Never-
theless, the Erlangen classification is easy to apply and
guarantees low observer variability. The predictive value
is good.

The TNM staging system was proposed by UICC and
AJCC in the 1970s. The most recent revision of the
TNM was published in 1997 (Table 4) [21, 26, 57].
Some pathologists and urologists hold the view that the
30-year-old Robson staging could be still the preferred
one. In fact, it is easily applied and allows comparison
of recent data with those collected in the past (Table 5).
Most urologists suggest that both the TNM and the
Robson systems should be included in the pathology re-
ports.

Although the same or similar parameters are used in
most of the staging systems developed since the end of
the 1950s, the prognostic validity of some individual
variables still remain unclear or even controversial.

Tumour size

After Bell published his famous post-mortem study [4],
it was generally accepted that tumours smaller than 3 cm
in diameter do not metastasise and that such neoplasms
should be called adenomas. This arbitrary rule was used
although Bell [4] himself and, later on, other authors ob-
served tumours less than 2 cm in diameter, that did meta-
stasise. Apitz [1, 2] described 725 adenomas discovered
at autopsy. In this study the size of the tumour was not
used, the classification being based on the histological
features.

The TNM staging system uses the size as one of the
prognostic factors. In the second revision of 1992 [26]
the breakpoint between T1 and T2 was set at 2.5 cm. A
year later, a subdivision or “telescopic ramification” of
the T2 tumours, with four subcategories (T2a–T2d) relat-
ed to a 2.5-cm increment, was adopted [28]. This was
based on the evaluation of 872 cases [25], which showed
significantly different 5-year survival rates among the
proposed subcategories. The sub-categorisation of T2 is
no longer included in the 1997 revision of the TNM [57].
In addition to this, the threshold between T1 and T2 has
been increased from 2.5 cm to 7 cm, provided that the
tumour is still limited to the kidney. The breakpoint of
7 cm does not seem to be fully justified by the data pub-
lished in the literature. The T1 category should be split
into subcategories to accommodate tumours of interme-
diate size. Alternatively, both the categories T1 and T2
and the corresponding “telescopic ramifications” pro-
posed in 1992 and 1993 [26, 28] should be used in asso-
ciation with the 1997 revision until enough cases can be
evaluated to prove which revision is superior for predic-
tion of patient survival or disease-free time. These suc-
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Table 4 TNM staging protocol for renal cell carcinoma. Comparison between the TNM 1992 and 1997 revisions [26, 57] (T0, TX, N0,
NX, M0 and MX not shown)&/tbl.c:&tbl.b:

1992 revision 1997 revision

Primary tumour (T)
T1 Tumour ≤2.5 cm in greatest dimension, limited to the kidney Tumour ≤7.0 cm in greatest dimension, limited to the kidney
T2 Tumour >2.5 cm in greatest dimension, limited to the kidney Tumour >7.0 cm in greatest dimension, limited to the kidney
T3 Tumour extends into major veins, or invades adrenal gland Tumour extends into major veins, or invades adrenal or peri-

or perinephric tissues but not beyond Gerota’s fascia nephric tissues but not beyond Gerota’s fascia
T3a Tumour invades adrenal gland or perinephric Tumour invades adrenal gland or perinephric tissues but not

tissues but not beyond Gerota’s fascia beyond Gerota’s fascia
T3b Tumour grossly extends into renal vein(s) or vena cava Tumour grossly extends into renal vein(s) or vena cava below 

below diaphragm diaphragm
T3c Tumour grossly extends into vena cava above diaphragm Tumour grossly extends into vena cava above diaphragm
T4 Tumour invades beyond Gerota’s fascia Tumour invades beyond Gerota’s fascia

Lymph node (N)
N1 Metastasis in a single lymph node ≤2 cm in greatest Metastasis in a single lymph node

dimension
N2 Metastasis in a single lymph node >2 but not >5 cm Metastases in more than one lymph node

in greatest dimension, or multiple lymph nodes,
none >5 cm in greatest dimension 

N3 Metastasis in a lymph node >5 cm in greatest dimension (Not identified)

Distant metastasis
M1 Distant metastasis Distant metastasis

&/tbl.b:

Table 5 Renal cell carcinoma: staging protocol according to Rob-
son [53]&/tbl.c:&tbl.b:

Stage Description

1 Confined to kidney
2 Perirenal fat invasion, but confined to Gerota’s fascia
3A Gross renal vein or inferior vena cava involvement
3B Metastases to regional lymph nodes
3C Renal vein or vena cava involvement and metastases to 

regional lymph nodes
4A Adjacent organs other than adrenal involved
4B Distant metastases

&/tbl.b:



cessive changes in the cut-off values can create uncer-
tainty among urologists and pathologists about the prog-
nostic value of the size of a RCC.

The Robson staging scheme does not take into ac-
count the tumour size, but only whether or not the RCC
is confined to the kidney. However, the tumour size
shows some relationship with the level of tumour exten-
sion. Golimbu et al. [20] were able to show that in all
Robson stages the 5-year mortality was higher for RCC
larger than 5 cm in diameter. Other investigators found
survival differences only in tumours smaller or greater
then 10 cm [42].

Extension of RCC beyond the renal capsule

Extension of the RCC beyond the renal capsule into the
perinephric tissue or adrenal gland while still confined to
the Gerota’s fascia (T3a; Robson stage 2) is a noncontro-
versial prognostic factor. The pathologists agree with the
urologists that extension through the capsule diminishes
the patient’s chance of survival. Care must be taken not
to mistake the pseudocapsule of the tumour for the true
renal capsule, because the infiltration of the pseudocap-
sule is not prognostically important [14, 32]. In addition,
bulging above the renal contour does not qualify as inva-
sion beyond the confines of the kidney. This pattern is
still considered either T1 or T2, based on the size of the
tumour. Infiltrative growth into the perirenal fat is re-
quired for stage T3. The renal capsule is interrupted in
the renal sinus, and in that location, RCC may abut on or
be in direct contact with fat without showing infiltrative
growth. This does not make the lesion stage T3. Penetra-
tion into the renal pelvis probably reflects the tumour
stage more closely than does the biological behaviour
[20]. Involvement of the pelvis is mostly encountered in
advanced stages. There is enough evidence to suggest
that pelvic involvement does not affect survival [20, 41].

The distinction between direct invasion of the adrenal
and haematogenous metastases to the adrenal is prognos-
tically important and is recognised in the difference be-
tween T3a and M1 [17, 28, 57]. If carcinoma is present
in the adrenal, whether it is a direct extension or a metas-
tasis must be reported. In the Robson scheme, invasion
of the adrenal gland is stage 2, whereas metastasis to the
adrenal gland is stage 4B.

Gerota’s fascia (renal fascia) is the fibro-fatty tissue
enveloping the kidney and opening only at the hilum. In
general usage it includes the pre- and retro-renal fascia.
The pre-renal fascia adheres to the parietal peritoneum,
and the cranial part reaches the diaphragm. Transgres-
sion of this fascia (T4, Robson stage 4A) is a sign of a
poor prognosis. According to the anatomy, invasion of
the peritoneum is invasion beyond the pre-renal Gerota’s
fascia and is classified as T4.

Renal vein or inferior vena cava involvement

It is commonly believed that the prognosis deteriorates
when the RCC invades the renal vein(s). It is indeed con-
sidered an important prognostic variable in every staging
system, including those devised recently [9, 15, 18, 22,
27, 29, 41, 51, 53, 57]. Nevertheless, there are controver-
sial results with this finding. Some authors even claim
that invasion of the renal vein(s) is of limited importance
as a predictive factor [51, 55, 56, 62]. The divergent
opinions might be caused by the extent to which the sur-
gical specimen is examined and sampled.

Tumour extension into renal vein(s) or the vena cava
below the diaphragm corresponds to T3b (Robson stage
3A). There are no differences in prognosis between an
RCC involving the renal vein(s) alone and a carcinoma
growing in the vena cava below the diaphragm. Recent
investigations have shown that even tumours extending
to the atrium, when surgically removed, do not impair
the survival (involvement of the vena cava above the dia-
phragm corresponds to T3c) [18]. In the TNM Supple-
ment 1993 [25] the presence of microscopic vein inva-
sion was included in the T1-3a classification (i=without
microscopic venous invasion; ii=with microscopic ve-
nous invasion) [63]. This subdivision is no longer pres-
ent in the third revision of the TNM classification [57].
The Erlangen group [25, 29] subdivided vein invasion in-
to histologically and macroscopically determined. The 5-
year survival rate was 89% for cases without vein inva-
sion, 62% when the invasion was detected microscopi-
cally and only 33% when the vein involvement was visi-
ble macroscopically. The Erlangen group found a corre-
lation between vein invasion and tumour size. RCCs
smaller than 3 cm showed vein invasion in 36.4% of
cases at the histological level. In carcinomas up to 5 cm
in diameter, the histological evidence amounted to
39.1%, whereas the macroscopic evidence was 15.2%. In
the other size classes (5–10 cm and >10 cm) the percent-
age of gross invasion increased linearly to more than
70%.

Metastases to regional lymph node

The regional lymph nodes are the hilar, abdominal para-
aortic, and paracaval nodes. Some urologists rarely sub-
mit para-aortic and paracaval lymph nodes for histologi-
cal evaluation, because the therapeutic value of regional
lymph node dissection is debated. However, the presence
of metastasis in these lymph nodes has an adverse effect
on prognosis and should be reported to support the cor-
rect stage assignment. Lymph node enlargement does not
always reflect the presence of metastasis [11, 14].

In the 1997 revision of the TNM system the involve-
ment of the regional lymph nodes is subdivided into N1
and N2, accordings as whether a single lymph node is
involved or more than one shows secondary deposits.
This is a slightly simplified sub-categorisation in com-
parison with the previous revision, in which N3 was also
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identified, based on the size of the metastatic lesion [26,
57].

The current TNM version does not report any changes
in the M classification since the previous version [57].

Tumour grade

Various grading systems have been proposed for RCC,
using a variety of nuclear, cytoplasmic, and architectural
features [11, 19]. Most of these have shown some degree
of correlation with survival. Nuclear grading systems are
the most widely used. The evidence available in the liter-
ature suggests that nuclear grading is a better prognostic
indicator than other systems that do not use nuclear crite-
ria. Nuclear grading has prognostic value for convention-
al (clear cell) and papillary RCC. The data supporting
the validity of nuclear grading for chromophobe carcino-
ma are not well established, but it seems reasonable to
grade these tumours for ongoing clinicopathological
studies. Oncocytoma is a benign tumour that should not
be graded [43].

Of the several nuclear grading systems that have been
proposed, that of Fuhrman et al. is the most widely used
system in Europe [16] (Table 6). There are studies that
support its clinical relevance as a prognostic factor. It has
been suggested that, for those who use the Fuhrman
system, collapsing the four grades into three may be use-
ful. The prognostic data indicate that grouping grades 1
and 2 together brings a potential improvement. The
TNM Classification of Malignant Tumours includes a
grading scheme for RCC consisting of four divisions
based on cellular changes [57] (Table 7). Studies have
correlated this system with survival with limited success.
The scheme of histological grading suggested by the
WHO is very similar to this. Only three grades are sug-
gested: grade I applies to tumours that have the least de-
gree of cellular anaplasia compatible with the diagnosis
of malignancy; grade III applies to tumours with the
most severe degree of cellular anaplasia; grade II applies
to those tumours in between [45]. (For a detailed list of
RCC grading systems see [19]).

There are two major problems with the proposed
grading systems. The first is that the degree of correla-
tion of the various systems with survival is not satisfac-
tory. The other is the lack of observer consistency in the
assignment of grades to RCC [39]. There might be sever-
al explanations for the first problem. One of these is that
the importance of each component of the various grading
systems is usually untested as a prognostic parameter in
its own right. Although the tumour grade assigned may
correlate with survival, it is likely that one or more of the
criteria used will have no relationship with survival when
considered in isolation, and therefore have the effect of
unnecessary compounding an already complicated grad-
ing classification.

The poor reproducibility of grading systems for RCC,
as for other tumours, relates to the fact that the changes
form a morphological continuum. Whenever a tumour

specimen is analysed, the pathologist has to identify its
exact location along this spectrum. Basically, this is done
by comparing the case under investigation with known
‘points’ along the spectrum that represent diagnostic
grades. The case is then allocated to the category to
which it is closest or most similar. This is called synthet-
ic or inductive diagnosis making, an important part of
which is probably subconscious [38]. This type of diag-
nosis making has the advantage of speed, but factors may
play such a large part that a classification shift in contin-
uous lesions may result and a grade be given that is not
strictly correct. This is due, at least in part, to the inade-
quate description of grading criteria published in some
classifications.

The alternative for diagnosis is the so-called analyti-
cal process [38]. This is usually applied when the criteria
needed in the identification of the grade of a certain le-
sion are well defined. The analytical process is far better
than the synthetic one, because the pathologist has to
evaluate a series of features and their degree of changes,
and to compare them with prototypes present in the pa-
thologist’s memory. The analytical process can be repre-
sented as an inference network that allows the patholo-
gist to evaluate the level of certainty associated with a di-
agnosis or a grade of a lesion. An inference network, or
Bayesian belief network (BBN), was developed by Dr.
Peter W. Hamilton (Belfast, UK) on the basis of previous
experience acquired in the development of decision sup-
port systems for the grading of prostate and breast le-
sions [23, 44]. In these lesions the application of a BBN
allowed the achievement of a higher level of reproduc-
ibility than when the grading system was applied to a
purely morphological evaluation. The BBN developed by
Dr Hamilton was based on the Fuhrman system [16].
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Table 6 Fuhrman grading system [16]&/tbl.c:&tbl.b:

Grade Characteristics

I Nuclei round, uniform, approximately 10µm; nucleoli in-
conspicuous or absent

II Nuclei slightly irregular, approximately 15µm; nucleoli
evident

III Nuclei very irregular, approximately 20µm; nucleoli large
and prominent

IV Nuclei bizarre and multilobated, 20µm or greater; nucleoli
prominent; chromatin clumped

&/tbl.b:
Table 7 Histological grading according to UICC (TNM Classifi-
cation of Malignant Tumours, 1997 revision)a&/tbl.c:&tbl.b:

G1 Well differentiated
G2 Moderately differentiated
G3–4 Poorly differentiated/undifferentiated

a Identical to the grading protocol reported in the 1992 revision.
An indication of the criteria to be used was given in the TNM Sup-
plement 1993 (grading is generally performed by a combined eval-
uation of various histological and cytological features, including
similarity to tissue of origin, cell arrangement, cellularity, differ-
entiation, cellular and nuclear pleomorphism, mitotic activity, ne-
crosis and others) [26, 28, 57]&/tbl.b:



Four different grades were in fact included in the deci-
sion node, and the features and their outcomes for the
descendant nodes were also derived from the detailed de-
scription given by Fuhrman et al. [16]. On-screen images
showing the different morphological features were used
to prompt the user and ensure the consistent entry of evi-
dence to the network. Initial data showed that this diag-
nostic decision support system allowed an accurate anal-
ysis of the lesion grade, this being expressed by the cor-
responding probabilistic measure of belief (Fig. 1). The
application of such a system shows a certain number of
advantages that are usually not seen with the morpholog-
ical approach to grading. The most important is the pos-
sibility of expanding the BBN whenever new features are
available for evaluation and, at the same time, of discard-
ing those that show a poor contribution to the grading re-
sults. Different types of features can be included. These
can be of purely histomorphological type, or be related
to proliferation or morphometrical analysis.

Seminar summary (Table 8)

According to the “Working Classification for Prognostic
Markers” proposed by the College of American Patholo-
gists [24], all morphological features (histological type,
stage, grade) of RCC belong to category I, which means
that their usefulness is well supported by the literature
and they are commonly used in patient management. All
new factors (proliferation markers, apoptosis, neoangio-
genesis, etc.) still need to be tested in large clinical stud-
ies and/or meta-analyses [25, 27, 47, 58].

Diagnostic decision support systems, such as Bayes-
ian belief networks, case-based reasoning systems and
neural networks, should be developed more extensively.
These systems are flexible enough to absorb the analysis
factors with well-established prognostic value and new
markers as soon as they become available and to incor-
porate the clinical, epidemiological and aetiological data
[6, 7, 12, 31, 33, 49] that characterise the patient. They
represent the solution to the problems of the exact prog-
nostic assessment in each individual patient when only
histological type, grade and stage are considered.

Even though histopathological analysis remains im-
portant, future prognostic factors should be derived from
studies related to genetic and epigenetic phenomena. A
fundamental part will be played by new techniques, such
as microsatellite analysis and fluorescence in situ hybrid-
isation and by the assessment of the mutation of specific
genes and their effects on renal tumorigenesis. The
knowledge of the genetic abnormalities in renal cell neo-
plasms should eventually be incorporated into the evalu-
ation, in an attempt to provide a foundation for diagnosis
and perhaps even guide the development of future thera-
py. The morphological evaluation of precursor lesions
and potential precursor lesions together with their mole-
cular analysis should allow better understanding of the
natural history of renal cell tumours and the role of che-
moprevention strategies.
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