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THE CURRENT TNM STAGING SYSTEM OF RENAL CELL CARCINOMA: ARE 
FURTHER IMPROVEMENTS NEEDED?
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Resumen.- El objetivo del estudio es revisar la 7ª edi-
ción de la clasificación TNM actual de los tumores re-
nales y hacer un análisis crítico de la evidencia reciente 
para identificar las limitaciones de este nuevo sistema 
de estadificación. Se realizó una búsqueda bibliográ-
fica de la literatura inglesa en las bases de datos Me-
dline y Pubmed utilizando las siguientes palabras clave: 
carcinoma de células renales, sistema de estadificación 
y TNM. En total, se examinaron 2600 referencias ini-
cialmente. Se seleccionaron 40 artículos basados en su 
relación con el tema de la revisión, nivel de evidencia 
ofrecido y contribución global al campo. Se han he-
cho pocos cambios en la versión actual del sistema de 
estadificación TNM para tumores renales. Los tumores 
pT2 se han dividido en 2 subgrupos basándose en el 
tamaño del tumor con un valor de corte de 10 cm; la 
invasión de la vena renal se clasifica como pT3a; final-
mente, la invasión de la glándula suprarrenal ipsilateral 
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Summary.- Objective of the study is to review the 
current 7th edition of the TNM classification of renal 
tumors and to perform a critical analysis of the recent 
evidence in order to identify the limitations of this new 
staging system. A search of the english literature was 
performed through the Medline and Pubmed database 
using the following keywords: renal cell carcinoma, sta-
ging system and TNM. Overall, 2600 references were 
initially scrutinized. Forty papers were selected based 
on their pertinence with the topic of the review, level of 
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evidence provided and overall contribution to the field. 
Few changes have been made in the current version of 
the TNM staging system of renal tumors. pT2 tumors 
have been divided in 2 subgroups based on tumor size 
with a cut-off at 10 cm; the invasion of the renal vein 
was classified as pT3a; finally, the invasion of the ispsi-
lateral adrenal gland was classified as pT4. However, 
other changes were suggested by the analysis of the re-
cent literature and have not been introduced in this new 
version. Further improvements of the TNM classification 
for renal tumors are needed especially with regard to 
locally advanced tumors and node-positive disease, in 
order to improve the accuracy of this important prognos-
tic tool in renal oncology.

Keywords: Renal cell carcinoma. Review. TNM. 
Staging.
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INTRODUCTION

 The TNM classification system was historically 
developed as a staging method to stratify patients 
with cancers into groups with different risks of disease 
progression. TNM is a globally accepted method to 
describe the local anatomic extension of a cancer 
(Tumor stage), its spread to lymph nodes (Nodal 
stage) or to distant organs (Metastasis stage).

 The first TNM classification for renal cell 
carcinoma (RCC) was proposed in 1974 and has 
been revised several times in the following years (1).

 In fact, evidence from the literature proved 
that each previous TNM edition had not sufficient 
accuracy to predict cancer-specific survival (CSS) 
when the system was applied in clinical trials (2).

 Moreover, in the last few years new clinical 
and pathological prognosticators of cause-specific 
death for RCC have been identified, including 
microvascular invasion, tumor necrosis, mode of 
presentation and performance status (3-5). Therefore, 
recently, some Authors proposed new integrated 
staging prognostic models and nomograms for RCC 
such as the UCLA Integrated Staging System, the 
Mayo Clinic’s SSIGN score and the Karakiewick’s 
and Sorbellini’s monograms (6-8). These models 
include the TNM classification and other prognostic 
variables and  proved to be more accurate to predict 
CSS when compared to the TNM classification alone 
(9). 

 Recently, the Union Internationale Contre le 
Cancer (UICC) and the American Joint Committee on 
Cancer (AJCC) released the 7th edition of the TNM 
classification for RCC (10). However, this last edition 
does not take into account some controversial issues 
that have been debated in the literature in recent years 
and has introduced some questionable modifications. 
Aim of the present paper is to review the current 7th 
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edition of TNM of renal tumors and to perform a 
critical analysis of the recent evidence that highlights 
the limitations of this new staging system.

MATERIAL AND METHODS

 A search of the English literature was 
performed using Medline and Pubmed database 
including the following keywords: renal cell carcinoma, 
staging system and TNM. A total of 2600 references 
were initially scrutinized. Pertinent publications were 
identified and reviewed rigorously. We discussed 
thoroughly reviews and multicenter trials concerning 
the 2002 TNM system edition and we analyzed the 
recent evidences concerning the 2009 TNM edition. 
Forty papers were selected for this review based on 
their pertinence and contribution to the field, favouring 
recent publications and larger series.

RESULTS

Tumor stage

 Tumor stage describes the anatomical 
extension of a neoplasm within the kidney and the 
nearby organs. Table I compares the 2002 and 2009 
edition of the kidney TNM staging system (Table 1). 
We will here analyze and critically discuss the issues 
concerning each tumor stage category.

T1: Tumor ≤ 7 cm in greatest dimension, limited to the 
kidney

 As far as T1 renal tumors are concerned, the 
current TNM edition does not differ from the previous 
2002 edition. In fact, tumors are divided according 
to tumor size in T1a (<4 cm) and T1b tumors (>4 
cm but less than 7 cm) using the 4 cm size as cut-
off value. This classification was introduced with 
the clinical purpose to identify those tumors that are 
suitable for nephron-sparing surgery (NSS). However, 
nowadays there is consistent data that supports the 
feasibility and the safety of nephron-sparing surgery 
also for larger localized RCCs (11-14). Patard et al 
retrospectively reviewed 1454 patients with T1a-T1b 
RCC who underwent radical or partial nephrectomy 
at 7 international academic urological centers. The 
Authors observed that, in the subset of patients with 
pT1b tumors, cancer-specific death rate of patients 
who underwent partial nephrectomy was not 
significantly different from the death rate of patients 
who underwent radical surgery (6.2% vs 9%, p=0.6) 
(5). More recently, Weight et al  analyzed a cohort 
of 510 pT1b RCCs who were treated with elective 

Palabras clave: Carcinoma de células renales. 
Revisión. TNM. Estadiaje.

se clasifica como pT4. Sin embargo, otros cambios su-
geridos tras el análisis de la literatura reciente no han 
sido introducidos en esta nueva versión. Para mejorar la 
precisión de esta importante herramienta pronóstica en 
oncología renal son necesarias mejoras adicionales de 
la clasificación TNM de los tumores renales, especial-
mente con respecto a los tumores localmente avanzados 
y la enfermedad con ganglios linfáticos positivos.
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TABLE I. COMPARISON OF THE LAST TWO VERSIONS OF THE TNM  STAGING SYSTEM FOR RENAL CELL 
CARCINOMA.

TNM 6th edition 2002
T - Tumor stage
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

T2. Tumor > 7 cm limited to the kidney

T3. Tumor extends into major veins or invades 
      adrenal or perinephric tissues, but not beyond 
      Gerota’s fascia
 - T3a: Perinephric or sinus fat or adrenal 
   extension
 - T3b: Renal vein or vena cava 
   involvement below the diaphragm
 - T3c: Vena cava involvement above the 
   diaphragm

T4. Tumor invades beyond Gerota’s fascia

N - Regional lymph nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in a single regional lymph node
N2 Metastasis in more than 1 regional lymph node
M - Distant meatstasis
M0 No distant metastasis
M1 Distant metastasis
TNM stage grouping
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T3 N0 M0
T1, T2, T3 N1 M0
Stage IV T4 Any N M0
Any T N2 M0
Any T Any N M1

TNM 7th edition 2009
T - Tumor stage
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
T2. Tumor > 7 cm in greatest dimension, limited to the 
      kidney
 - T2a Tumor > 7 cm but ≤ to 10 cm in greatest 
   dimension
 - 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 Gerota’s fascia
 - T3a: Tumor grossly extends into the renal vein 
   or its segmental (muscle-containing) branches 
   or tumor invades perirenal and/or renal sinus 
   (peripelvic) fat but not beyond Gerota’s fascia
 - T3b: Tumor grossly extends into the vena cava 
   below the diaphragm
 - T3c: Tumor grossly extends into vena cava 
   above the diaphragm or invades the wall of  
   the vena cava
T4. Tumor invades beyond Gerota’s fascia (including 
      contiguous extension into the ipsilateral adrenal gland)
N - Regional lymph nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in a single regional lymph node
N2 Metastasis in more than 1 regional lymph node
M - Distant meatstasis
M0 No distant metastasis
M1 Distant metastasis
TNM stage grouping
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T3 N0 M0
T1, T2, T3 N1 M0
Stage IV T4 Any N M0
Any T N2 M0
Any T Any N M1
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radical or partial nephrectomy and observed that 
in the subgroup of patients treated with nephron-
sparing surgery CSS was significantly longer than in 
the subgroup treated with radical nephrectomy (15). 
Based on these studies, in the most recent versions of 
the international guidelines the indications to nephron-
sparing surgery have already been extended to all T1 
tumors, whenever this is technically possible (16). 

 However, to date there is no large long-
term prospective clinical trial that compares the CSS 
of pT1a and pT1b tumors after nephron-sparing 
surgery. Other size cut-off within this category may 
better stratify CSS. For example a multicentre study 
that analysed 1138 patients with localised RCC (T1–
2N0M0) with a medium follow-up of 87 months after 
radical or partial nephrectomy used a 5.5 cm cut-
off for tumor diameter and found that this method of 
stratification was more accurate than the 2002 TNM 
version to distinguish between two groups of patients 
with different prognosis (3).

 This data suggests that the present 
classification for T1 renal tumors may be improved, 
because it is progressively losing its main clinical 
relevance, although large clinical trials are needed 
to assess the long-term oncological safety of nephron-
sparing surgery for pT1b renal cancers.

T2: Tumor > 7 cm in greatest dimension, limited to the 
kidney

 In comparison with the 6th edition, the 
modern TNM classification divides T2 tumors into 
two subcategories, based on size cut-off of 10 cm 
(T2a<10 cm, T2b>10 cm).

 This new classification is based on the results 
of a single study by Frank et al who retrospectively 
analyzed data from 544 patients who underwent 
radical or partial nephrectomy for pT2 RCCs at the 
Mayo Clinic between 1970 and 2000 (17). The 
Authors observed that patients with tumors >10 cm 
were significantly more likely to die of RCC than 
patients with tumors < 10 cm even after adjusting 
for regional lymph node involvement and distant 
metastases (risk ratio 1.42, 95% CI 1.07 to 1.90, 
p=0.017). 

 However, at a thorough review of the 
literature the best size cut-off for >7 cm renal tumors is 
controversial. In fact, Klatte et al evaluated a group of 
706 patients with pT2 RCC and identified an optimal 
cut-off to predict CSS at 11 cm (18). On the contrary, 
Karakiewick and Moch (1, 4) observed that tumor 
size for pT2 RCC is significantly associated with CSS 

when modelled continuously, irrespective of a specific 
cut-off point.

 Moreover, Waalkes et al. recently assessed 
the CSS of 5122 patients who underwent radical or 
partial nephrectomy for pT2 RCCs (19). Reclassifying 
all tumors according to the current TNM classification, 
the Authors observed that there was no significant 
difference in terms of CSS between pT2a and pT2b 
tumors (79% vs74.1% respectively, p = 0.38). 
Moreover, Novara et al., comparing the 5-year CSS 
of pT2b (70%) and pT3a patients (64.7%), did not 
observe any statistical significant difference (p>0.05) 
(20). 

 Overall, this data suggests that the rationale 
of the further subdivision of the pT2 category in the 
2009 TNM classification is supported by scarce and 
weak evidence. Furthermore, the first studies that have 
assessed the performance of this new classification 
did not confirm an improved prognostic accuracy 
compared to the previous TNM edition. 

T3: Tumor extends into major veins or directly invades 
perinephric tissues, but not into the ipsilateral adrenal 
gland and not beyond Gerota’s fascia

 The T3 category includes cancers that involve 
multiple anatomical compartments. This category has 
been the most complex and controversial in every 
TNM edition. In fact, there are more than 20 possible 
patterns of tumor invasion within the T3 stage (21).
 As far as the 6th edition is concerned, some 
Authors observed that the prognostic accuracy for 
T3 RCCs was highly debatable. This was the main 
reason to encourage further development of the pT3 
classifications in the 2009 TNM edition (2, 21, 22). 
The category T3a continues to define cancers that 
involve the perinephric and/or the sinus fat tissue 
and now includes also tumors with invasion of the 
renal vein, previously classified as T3b. The direct 
extension of a tumor to the ipsilateral adrenal gland 
is now classified as T4 instead of T3a. T3b and T3c 
categories define cancers that have invaded the IVC 
below or above the diaphragm respectively. Finally, 
the extension of the tumor within the atrium is also 
classified as T3c. 

 However, although some changes have 
been introduced, there are still some crucial points of 
discussion that were not considered in order to further 
improve T3 subcategorization. 

• Perinephric fat versus renal sinus fat invasion
 There is consistent evidence that the vascular 
and lymphatic anatomy of the fat tissue located at the 
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level of the renal sinus is different from the anatomy of 
the perinephric fat surrounding the kidney, within the 
Gerota’s fascia (23). 

 The extension of a RCC to the renal sinus 
or the perinephric fat tissue has been investigated 
in many studies that reported a different impact on 
CSS for these two patterns of fat invasion (1, 21, 23, 
24). 

 The renal sinus can be defined as the 
compartment of fatty tissue that envelopes the 
collecting system and contains abundant tributary 
veins and lymphatics (1). Because of this peculiar 
anatomy, the invasion of this compartment allows the 
dissemination of a cancer otherwise considered as 
localized.

 Many studies have specifically investigated 
the prognostic significance of renal sinus fat invasion 
(RSI). Bonsib et al first observed that the renal sinus 
was the most common site for extrarenal extension of 
RCC. In a cohort of 40 patients with locally advanced 
RCC the invasion of sinus fat was mainly associated 
with the invasion of sinus veins, likely responsible for 
hematogenous metastases, the most common route of 
tumor dissemination in RCC (25). This pathological 
data supports the idea that RSI negatively impacts 
CSS.

 Thompson et al. confirmed this data in a 
study of 205 patients with pT3 RCCs. The Authors 
compared the CSS of patients with RSI or perirenal 
fat invasion (PFI) and observed a significantly lower 
5-year CSS in the subgroup of patients with RSI (24).  
On the contrary, Terrone et al. analyzed the outcomes 
of 513 pT3 RCC patients (according to 2002 TNM) 
and observed that CSS in the subset of cases with 
PFI was not significantly different from CSS in the RSI 
subgroup. Moreover, the risk of death for RCC was 
classified as low when PFI or RSI were present as only 
site of tumor extension. On the contrary, when the fat 
invasion was combined with invasion of renal vein or 
IVC the risk of disease progression and cause-specific 
death was significantly increased (21).

 As far as the PFI is concerned, we can identify 
2 different anatomical patterns of invasion (focal or 
extended). The prognostic impact of these 2 patterns 
is controversial. 

 Roberts et al (26) reported that patients with 
clinically classified T1 lesions and finally classified as 
pT3a because of focal PFI, had the same recurrence-
free survival rate of patients with pathologically 
confirmed pT1 lesions. In contrast, Jung et al found 
no difference between focal or extensive PFI (27).

 In the current TNM classification the pattern 
of fat tissue invasion was not used as a variable to 
differentiate T3a subcategories. This may be due to 
the lack of sizable studies comparing CSS of patients 
with PFI and RSI.

• Urinary collecting system invasion
 The invasion of urinary collecting system 
(UCSI) ranges from 7.5%-14% of RCCs and it has 
been questioned as a prognosticator of CSS (18, 
28).

 Terrone et al. analyzed the data of 671 RCC 
specimens from 2 academic urological centers (29).  
Tumors invading the UCS were usually symptomatic, 
with high nuclear grade and predominantly high 
stage. At multivariate analysis UCSI did not represent 
an independent prognostic factor for CSS.  However, 
in the subgroup of patients with organ-confined tumors 
UCSI involvement was found to have a prognostic 
influence. Similar results were observed by Uzzo et 
al. and Verhoest et al. (23, 30).

 On the contrary, Palapattu et al. observed 
a significant correlation between UCSI and the 
development of nodal and systemic metastases in a 
population of 124 T2-T3 tumors. Overall, UCSI was 
shown to be an independent prognosticator of CSS 
and to be associated with a 3.78 fold increased risk 
of tumor recurrence in presence of organ confined 
tumors (31). Similar results were obtained by Klatte et 
al in a series of 519 cases (28).

 In all TNM classification developed to date 
UCSI is not considered as a variable in the definition 
of the local extension of renal tumors and therefore is 
not included in any T category. This is most likely due 
to the absence of large cohort studies that assessed 
the impact of UCSI on CSS. Further studies are 
therefore needed to clarify this issue and allow the 
inclusion of this important anatomical variable in the 
TNM system.

• Tumor thrombus level
 It is well known that the presence of a renal 
tumor thrombus in renal vein, IVC or right atrium is a 
negative prognostic factor for CSS (32)

 The current TNM system divides patients into 
3 subcategories based on the level of the venous 
extension of the tumor. However, the prognostic 
significance of the level of venous involvement 
in RCC has been debated and it is nowadays still 
considered highly controversial. Moreover, all the 
studies available to date are characterized by a small 
number of cases with supradiaphragmatic IVC tumor 
extension (33).
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 In 2008, Terrone et al analyzed the 
outcomes of a large series of 513 pT3 RCC cases 
and concluded that the prognostic accuracy of 
the 2002 TNM system edition was low. Of note, 
Terrone et al. identified up to 23 subcategories by 
considering the possible combinations of each single 
anatomical structure invaded by the cancer. Nine 
groups of patients with specific patterns of invasion 
and significantly different cause-specific death risk 
were identified. These groups were then divided into 
3 categories with different risk of disease progression 
(low, intermediate and high risk) based on CSS. 
Patients were classified at intermediate risk in 
presence of any invasion of the venous system alone 
or in association with RSI, while the high risk group 
included tumors with both perirenal fat and venous 
invasion. The risk of death in the intermediate and 
high risk group was increased by 1.47 and 1.60 
times respectively compared to the low risk group 
(21).

 Other investigators have suggested that the 
invasion of the renal vein alone has a more favourable 
outcome when compared to the invasion of IVC, 
irrespective of tumor thrombus level (2, 9, 34).

 Recently, Martinez-Salamanca et al assessed 
the prognostic accuracy of the 7th edition of the 
TNM system in an international multicenter study that 
included the records of 1215 patients who underwent 
radical nephrectomy with complete thrombectomy for 
T3 RCC (33). Patients were reclassified according to 
the modern TNM edition and Kaplan-Meier estimates 
were obtained. A statistically significant difference 
of 5-year CSS was observed between pT3a and 
pT3b patients (p<0.005), but this data could not be 
confirmed after adjusting for lymph nodes invasion 
and presence of distant metastases (p=0.72). On the 
contrary, a significant difference was observed for 5 
and 10-year CSS between pT3b N0M0 and pT3c 
N0M0 tumors (p<0.001). 

 Novara et al, who first validated the new 
TNM classification, observed that pT3a patients 
with isolated PFI and renal vein invasion had 
similar outcomes, whereas patients with the two 
concomitant features had significantly lower CSS 
(p<0.0001). Among the 886 pT3aN0M0 RCC 
cases, patients with renal vein invasion had the 
highest CSS, followed by those with PFI only and 
by those with the two concomitant features, with all 
survival differences being statistically significant. As 
far as the pT3b and pT3c cases are concerned, 5-
year CSS was significantly different. In both these 
subcategories, the concomitant presence of PFI and 
IVC invasion was related to a significantly worse 
prognosis (20).

934

 Overall, once again, this data suggests that 
the current TNM classification has not improved the 
prognostic accuracy of this staging system for patients 
with tumor thrombus. However, it is important to 
observe that Novara and Martinez-Salamanca are 
the only Authors that assessed the new TNM system 
and therefore there is little evidence to support a 
thorough analysis of the accuracy of this 7th edition. 

T4: Tumor invades beyond Gerota’s fascia (including 
contiguous extension into the ipsilateral adrenal 
gland)

 In the 2009 edition of the TNM system 
all RCCs presenting with direct infiltration of the 
ispilateral adrenal gland are classified as stage T4. 
These cases were identified as pT3a tumors in the 
previous edition. This change was based on the 
evidence that the outcomes of pT3a patients with 
direct adrenal invasion were worse than those of 
patients with perirenal fat invasion (35).

 Moreover, CSS of patients classified as 
pT3b and pT3c was worse when adrenal gland 
was invaded by the cancer (36). Finally, the 5 and 
10-year CSS of patients classified as pT4 and pT3a 
(according to 2002 edition) were shown to overlap in  
presence of adrenal gland invasion (2). 

 This new classification seems to improve the 
prognostic accuracy of the TNM system, as recently 
demonstrated by the results reported by Novara et 
al (20). These Authors observed that the outcomes 
of patients with direct adrenal invasion and Gerota’s 
fascia invasion (all classified as pT4 according to 
the 7th TNM edition) were similar. However, a small 
number of specimens with direct adrenal involvement 
were included in this study and therefore these results 
need to be confirmed in larger series.

Metastatic disease

 There is consistent data in the literature 
showing that the presence of metastases from RCC 
is related to a poor prognosis (37). Overall, almost 
30% of patients presents with metastases at diagnosis, 
including 10% of cases with nodal metastases (38). 
As far as nodal and metastatic status are concerned, 
no changes have been introduced in the new 2009 
TNM edition. In the last few years a modification 
of the N staging system has been advocated by 
several Authors (39). Terrone et al reviewed 618 
RCCs specimens obtained after radical nephrectomy 
and extended lymphadenectomy (from the crus of 
the diaphragm to the aortic/caval bifurcation). The 



Authors observed that the TNM classification for nodal 
disease was not able to stratify the outcomes in this 
series. Conversely, the presence of >4 positive nodes 
or a positive lymph node density >60% was shown to 
correlate significantly with CSS. Similar conclusions 
were drawn also by Lohse et al in a recent review of 
the literature (40).

CONCLUSION

 Few changes have been made in the current, 
recently released version of the TNM staging system 
for renal tumors. This new classification will require 
validation in large series to confirm an improved 
efficacy for stratification of outcomes. However, other 
changes suggested by the analysis of the recent 
literature were not introduced in the recently updated 
TNM version. Further improvements of this prognostic 
tool are needed, especially with regard to locally 
advanced and node-positive tumors.
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