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Objective: Renal cell carcinoma (RCC) with a high-nucleolar-grade component is considered
to be an aggressive type of tumor. In the present study, we evaluated the impact of the
presence of the worst-nucleolar-grade component and also tried to determine predictors for
recurrence and prognosis in patients with the worst grade component.
Methods: We evaluated 314 patients with RCC. A three-graded system was used for nucleo-
lar grading, the patients were classified into four groups according to the presence of the
worst nucleolar grade (Grade 3) and the occupancy of each grade, and clinicopathological
factors and clinical outcomes were compared. In patients of Grade 3 components (Groups 1
and 2), factors influencing on prognosis and recurrence were evaluated by multivariate
analysis.
Results: There was no significant difference in clinicopathological factors between Group 1
(with Grade 3-dominant tumors) and Group 2 (with tumors in which Grade 1 or 2 was domi-
nant and there were Grade 3 components). Neither did cause-specific survival or recurrence-
free survival differ significantly between those two groups. In multivariate analysis, only
distant metastasis was an independent predictor for prognosis in all patients with Grade 3
components. Moreover, an elevated C-reactive protein (CRP) level (�1 mg/dl) was the only
independent predictor of recurrence in N0M0 patients.
Conclusions: Regardless of dominancy, the presence of the worst grade component has a
significant clinical impact in RCC patients. N0M0 patients whose RCC has worst-grade com-
ponents but whose CRP levels are ,1 are expected to have longer recurrence-free intervals
and to survive longer than those whose CRP levels are higher.
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INTRODUCTION

Nucleolar grade generally reflects a biological activity of

cancer cell and the aggressiveness of a tumor and is associ-

ated with the prognosis of patients with renal cell carcinoma

(RCC) (1–3). A recent study evaluating 1801 RCC patients

treated with radical nephrectomy found histological grade

(Fuhrman nuclear grade), TNM stage, tumor size �5 cm and

histological tumor necrosis to be independent predictors for

cancer-specific survival (3). In that study, the patients with a

worst-grade tumor (Grade 4) had a risk rate for cancer-

specific death more than 10 times higher than that of the

patients with a low-grade tumor (Grade 1 or 2). One interest-

ing question is whether or not the clinical characteristics of

RCC patients with a worst-nucleolar-grade-dominant tumor

are similar to those of RCC patients whose tumor has only a

minor component of the worst grade. It is unclear whether in

RCC patients whose surgical specimen has the worst-grade

component, the occupancy of the worst-grade component

has an impact on the patient’s prognosis and the likelihood

of recurrence. Therefore, the present study was undertaken to

evaluate the impact of the occupancy of the worst nucleolar

grade on the clinical characteristics of and clinical outcome

for patients with RCC. We also tried to identify predictive

factors for the prognosis and the recurrence in patients with
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RCC containing the worst-grade component. Although

nucleolar grade is reportedly an independent predictor for

cause-specific survival (3) and patients with high-grade

tumors have a higher risk for recurrence than do patients

with low-grade tumors (4), a significant amount of patients

with high-grade components in the primary tumor have an

excellent prognosis. Therefore, it is clinically important to

identify factors that have a significant impact on recurrence

and prognosis in RCC patients with the worst-nucleolar-

grade component.

PATIENTS AND METHODS

PATIENTS AND DESIGN

We reviewed the records of patients with RCC treated by

radical nephrectomy or partial nephrectomy between 1989

and 2006 at our institution. During this period, nephrec-

tomies were performed in 343 patients. We reviewed the

records of all the patients and in 314 patients all clinico-

pathological parameters including serum C-reactive protein

(CRP) levels were available. The records of the 314 RCC

patients, 88 female and 226 male, who were treated by

radical nephrectomy (n ¼ 294) or partial nephrectomy (n ¼

20) were reviewed. Their ages ranged from 26 to 86 years

(mean ¼ 60.3+ 12.1 years). The tumor was on the right

side in 152 patients and the left side in 162 patients. Local

recurrence and metastasis were monitored by examining

each patient post-operatively every 3–6 months for the first

5 years and every 6–12 months thereafter. Follow-up exam-

inations included physical examination, chest radiography,

abdominal and chest computed tomography, blood tests and,

if indicated, radionuclide bone scanning. Follow-up intervals

(from the date of nephrectomy to the last recorded

follow-up) ranged from 1 to 245 months (mean ¼ 46.4

months). Regional lymphadenectomy was performed when

lymph node swelling was detected in pre-operative radiologi-

cal examination or during the nephrectomy. Disease-free sur-

vival was evaluated using the date at which local recurrence

or metastatic disease was identified, and cause-specific survi-

val was evaluated using either the date of death due to

disease progression or the date of the last follow-up examin-

ation. We extensively reviewed all pathological reports for

the 314 patients. In our institute, surgical specimens were

handled basically according to the Japanese guideline for

RCC (5) with minor modification. Briefly, when pathologists

examined specimens of radically nephrectomized kidneys,

each tumor was incised at a portion where a maximal cross-

section of tumor was obtained. Paraffin-embedded sections

were made using all separated parts of the maximal cross-

section which included surrounding perinephric fat and, if

existed, grossly normal kidney. To check surgical margins,

sections of renal artery and vein at renal hilus, and ureteral

margin were made, respectively. If a tumor had a renal vein

thrombus, sections of the thrombus were also made.

Furthermore, sections were additionally made at the portion

where extracapsular extension was macroscopically sus-

pected. When pathologists examined specimens of partially

nephrectomized kidneys, paraffin-embedded sections were

made at a portion where maximal cross-section was

obtained, similar to radically nephrectomized kidneys. An

additional cross-section perpendicular to the maximal cross-

section was also made and paraffin-embedded sections were

made using this cross-section. All sections of each tumor

were examined by two independent pathologists for the

determination of pathological factors including nucleolar

grade. The pathological tumor stage (pT stage) was deter-

mined according to the TNM classification system (6).

Nucleolar grading in a three-grade system was determined

according to the Japanese classification system for RCC (5).

Although whether a three- or four-grade system should be

used in RCC has been discussed (7) and this issue is still

controversial, three-graded system was recently rec-

ommended to use for grading system in the UICC and AJCC

(8). Standardized grading was performed according to fol-

lowing criteria. Briefly, Grade 1 tumors have tumor cell

nuclei smaller than normal tubular cell nuclei, Grade 2

tumors have tumor cell nuclei similar in size to normal

tubular cell nuclei and Grade 3 tumors have tumor cell

nuclei larger than normal tubular cell nuclei. Pathologists

evaluated all paraffin-embedded sections of each tumor, and

a dominant grade, a secondary dominant grade and, if

existed, a thirdly dominant grade were recorded.

The patients were classified into four groups according to

the presence or absence of the Grade 3 component (the

worst grade in three-graded system) and the occupancy of

each grade (Table 1). Even if the Grade 3 component was in

only a focal area in the tumor specimen, the patient with that

was classified into Group 2. There were 31 patients in Group

1, 52 in Group 2, 141 in Group 3 and 90 in Group 4. The

clinicopathological factors evaluated in this study are listed

in Table 2. All factors were compared between the groups.

The cause-specific survival for each of the four groups was

calculated by the Kaplan – Meier method and disease-free

survival was attributed to patients with neither lymph node

metastasis (LNM) nor distant metastasis (DM) (N0M0

patients). Factors influencing the prognosis for the patients

with the worst histological grade (Groups 1 and 2, n ¼ 83)

were evaluated, as were factors influencing the recurrence in

N0M0 patients (n ¼ 41).

Table 1. The classification of patients with RCC by using histological
grade

Group 1: Grade 3 is dominant in RCC specimens (n ¼ 31)

Group 2: Grade 1 or 2 is dominant but there is Grade 3 component in
specimens (n ¼ 51)

Group 3: Grade 2 is dominant and there is no Grade 3 component (n ¼ 141)

Group 4: Grade 1 is dominant and there is no Grade 3 component (n ¼ 90)

RCC, renal cell carcinoma.
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STATISTICAL ANALYSIS

All statistical analyses were performed by using the

StatView 5.0 software system for Windows (SAS Institute,

Cary, NC, USA). Results are presented as mean+ standard

deviation (SD), and the values of the variables of different

groups were compared using the Mann–Whitney U-test. The

independence of fit of categorical data was analyzed by

using the x2 test. Survival curves were constructed by the

Kaplan –Meier method, and the differences between them

were assessed using the log-rank test. Cox’s proportional

hazard regression model was used for univariate and multi-

variate analyses. For all tests, a P value ,0.05 was con-

sidered to indicate statistical significance.

RESULTS

Patient characteristics and pathological findings other than

histological types are listed in Table 2. The predominant his-

tological type was a conventional type in 294 patients, papil-

lary in 6, chromophobe in 4, spindle cell in 8 and

unclassified in 2. Twenty-one of the 314 patients (6.7%) had

metastases in surgically resected lymph nodes, and 55

patients (17.5%) had DM that were confirmed by pathologi-

cal diagnosis at operation or were obvious in pre-operative

radiological examinations. The mean pre-operative level of

CRP was 1.8+ 3.6 mg/dl (median ¼ 0.3 mg/dl), and 71

patients (22.6%) had pre-operative CRP levels �1 mg/dl.

None of the clinicopathological factors differed signifi-

cantly between the patients in Group 1 (Grade 3 dominant)

and the patients in Group 2 (Table 2). Although the CRP

levels might seem to differ between those two groups, the

difference is not statistically significant (P ¼ 0.0561). The

Kaplan–Meier method showed no significant difference in

cause-specific survival between in Groups 1 and 2 (Fig. 1A,

P ¼ 0.5564), and for N0M0 patients, there was no significant

difference in either disease-free or cause-specific survival

between Groups 1 and 2 (Fig. 1B and C). These results

suggest that Groups 1 and 2 were similar populations with

regard to their clinicopathological characters and their recur-

rence and prognosis. Regardless of the occupancy of the

worst-grade component, the presence of the worst-grade

component appeared to have an impact on the clinical

outcome in RCC patients.

We next tried to identify factors influencing prognosis and

recurrence in patients with the worst nucleolar grade. Of the

83 patients with Grade 3 components, the Kaplan – Meier

method revealed that the prognosis was poorer for those with

a larger tumor, higher pT stage, LNM, DM, microvascular

invasion or a CRP level � 1 mg/dl (Fig. 2). Pre-operative

CRP elevation was defined by a CRP level �1.0 mg/dl as

reported previously (4). In multivariate analysis, only DM

was an independent predictor for the prognosis (P , 0.0001,

Table 3). In patients with both DM and Grade 3 components,

the 2- and 3-year survival rates were 16.9% and 8.4%,

respectively. Patients with both DM and Grade 3 com-

ponents in the primary tumor thus had a quite poor progno-

sis. We further evaluated predictive factors for recurrence in

N0M0 patients who had Grade 3 components in the primary

tumor. The Kaplan – Meier method revealed that patients

with pT stage �3, tumor size .10 cm and CRP �1 had

recurrence rates higher than did those respective counterparts

(Fig. 3). With regard to tumor size, there was a significant

difference if 10 cm in size was used as cut-off (Fig. 3C).

Multivariate Cox’s proportional hazard model analysis eval-

uating these three factors showed only CRP elevation to be a

significant (P ¼ 0.0112, odds ratio: 6.098) predictor of

disease-free survival (Table 4). A Grade 3-dominant tumor,

in contrast, was not a predictive factor. For N0M0 patients

with Grade 3 components in the primary tumor, the 5-year

recurrence-free survival rate was 32.3% for those with a

CRP � 1 and was 80.8% for those with a CRP , 1. Also,

Table 2. Comparison of clinicopathological factors in four groups

Group 1 (n ¼ 31) Group 2 (n ¼ 52) P value (Group 1 vs. 2) Group 3 (n ¼ 141) Group 4 (n ¼ 90)

Age (years) 62.4+11.1 60.4+12.4 0.5563* 61.8+10.5 57.2+14.0

Gender (F/M) 13/18 14/38 0.1579# 36/105 25/65

Tumor side (R/L) 10/21 29/23 0.0379# 79/62 44/46

Tumor size (cm) 9.9+4.4 8.5+3.9 0.1875* 5.5+2.9 4.2+2.4

pT1 or 2/pT3 or 4 11/20 26/26 0.1981# 110/31 74/16

N2/þ 23/8 44/8 0.2443# 136/5 90/0

M2/þ 19/12 31/21 0.8801# 128/13 81/9

Stage I or II/III or IV 8/23 20/32 0.2382# 106/35 70/20

MVI2/þ 5/26 8/44 0.9281# 90/51 71/19

CRP levels (mg/dl) 6.2+6.2 3.8+5.4 0.0561* 0.9+1.7 0.5+0.7

pT stage, pathological tumor stage; MVI, microvascular invasion; CRP, C-reactive protein.
*Analyzed by Mann–Whitney U-test.
#Analyzed by x2 test.
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the 5-year cause-specific survival rate was 53.4% for those

with a CRP � 1 and was 100% for those with a CRP , 1.

Therefore, even RCC patients who have Grade 3 components

in the primary tumor can be expected to have longer

recurrence-free intervals and to survive longer if they have

neither DM nor LNM and do not have elevated CRP levels.

DISCUSSION

In the present study, there was no significant difference in

clinicopathological background, recurrence or prognosis

between Groups 1 and 2. These results suggest that in spite of

the different occupancy of the worst-grade component in sur-

gical specimens, the populations of Groups 1 and 2 are

similar with regard to clinicopathological characteristic and

clinical outcome. Therefore, even if a patient’s surgical speci-

men contains a small component of Grade 3, clinicians should

follow up the patient the same way they would do for a

patient with a Grade 3 dominant tumor. Hand and Broders (9)

used the dominant grade for the nucleolar grading of RCC,

whereas the Fuhrman grading system used the worst nucleolar

grade in the specimen even if the worst grade existed focally

there (10). In addition, there has been a lack of consensus

about the minimal size of the worst-grade component to be

considered significant (7,11). From the results of the present

study, it seems to be appropriate that the worst nucleolar

grade is used for grading system of RCC because the presence

of the worst grade influenced the patients’ prognosis, regard-

less of its occupancy. Since .50% of RCCs are composed of

cells with different nucleolar grades (12), it is important to

determine which nucleolar grade in a heterogeneous specimen

is the one we should focus on when we want to predict clini-

cal outcome. From the results of the present study, even a

small component of the worst grade is considered to be sig-

nificant in the prediction of patient prognosis in RCC.

To identify factors having an impact on recurrence and

prognosis in patients with the worst-grade tumors, we ana-

lyzed patients whose tumors had the worst-grade component

and did multivariate analysis. In our 83 patients with Grade

3 components, the presence of DM was the only independent

predictor for cancer-specific death. Patients who had both

Grade 3 components in the primary lesion and DM had a

quite poor prognosis. Their 1-, 3- and 5-year survival rates

were 56.9%, 8.4% and 0%, respectively. In contrast, the 1-,

3- and 5-year survival rates for our patients with Grade 3

components and without DM were 87.7%, 68.6% and

61.0%, respectively. When we further evaluated our 41

Figure 1. Disease-free survival and cause-specific survival in four groups. The Kaplan–Meier method showed no significant difference in cause-specific sur-

vival between Groups 1 and 2 (A), and for N0M0 patients, there was no significant difference in either disease-free (B) or cause-specific survival (C) between

Groups 1 and 2.

Jpn J Clin Oncol 2009;39(9) 591



N0M0 patients by the Kaplan–Meier method, CRP elevation

(CRP � 1 mg/dl) was an independent predictor for the recur-

rence but previously reported prognostic factors such as

tumor size and pT stage were not. N0M0 patients with both

Grade 3 components and pre-operative CRP � 1 mg/dl had a

high risk of recurrence. The 5-year recurrence-free survival

rate for N0M0 patients with Grade 3 components and a

CRP � 1 mg/dl was 32.3%, whereas that for N0M0 patients

with Grade 3 components and a CRP , 1 was 80.8%. The

5-year cause-specific survival rate was also CRP-dependent:

53.4% in patients with CRP � 1 mg/dl and 100% in patients

with CRP , 1. We previously reported that CRP level was

also an independent predictor for recurrence in N0M0 RCC

patients (n ¼ 142) (4), and several authors have recently

reported the significance of CRP elevation for RCC recur-

rence and patient prognosis (13,14). CRP was reportedly an

informative predictor of cancer-specific mortality in a

European study of 313 patients (14). In that report, the

Figure 2. Cause-specific survival rates for 83 patients with Grade 3 components. The Kaplan–Meier method revealed that the prognosis was poorer for those

with a larger tumor (A), higher pT stage (B), lymph node metastasis (C), distant metastasis (D), microvascular invasion (E) or a CRP level �1 mg/dl (F).

LNM, lymph node metastasis; DM, distant metastasis; MVI, microvascular invasion; CRP, C-reactive protein.
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model with CRP had better predictive accuracy for cancer-

specific mortality at 2 and 5 years than the UCLA Integrated

Staging System did. Saito et al. (15) reported an impact of

CRP kinetics on the survival of patients with metastatic

RCC. They divided RCC patients into three groups: patients

whose pre-operative CRP levels were ,0.5 mg/dl, patients

whose pre-operative CRP levels were .0.5 mg/dl and nor-

malized at least one time during treatment, and patients

whose pre-operative CRP levels were .0.5 mg/dl and never

normalized. CRP kinetics was an independent predictor for

overall survival. Our results of multivariate analysis show

that in RCC patients with Grade 3 components, CRP level

Table 3. Cox’s proportional hazard model for predicting prognosis of
patients with the worst nucleolar grade (n ¼ 83)

Variables Univariate Multivariate

P value P value Odds ratio Relative risk ratio
(95% CI)

Gender 0.7009

Age 0.6285

Side of tumor 0.9281

Tumor size 0.0047 0.4093 1.035 0.954–1.122

G3 dominant 0.5576

Pathological T3 or 4 0.0034 0.6829 1.202 0.345–2.008

Nþ 0.0426 0.1246 6.614 0.221–1.201

Mþ ,0.0001 ,0.0001 9.804 0.043–0.246

MVIþ 0.0552

CRP � 1 0.0111 0.1213 1.972 0.215–1.197

Figure 3. Recurrence-specific survival rates for N0M0 patients with Grade 3 components. The Kaplan–Meier method revealed that patients with tumor size

.10 cm (B and C) and CRP � 1 (D) had recurrence rates significantly higher than did those respective counterparts.

Table 4. Cox’s proportional hazard model for predicting recurrence of
N0M0 patients with the worst grade histology (n ¼ 41)

Variables Univariate Multivariate

P value P value Odds ratio Relative risk
ratio (95% CI)

Gender 0.6107

Age 0.8618

Side of tumor 0.9680

Tumor size .10 0.0254 0.5041 1.587 0.163–2.443

G3 dominant 0.1695

Pathological T3 or 4 0.0886 0.6550 1.360 0.353–5.237

MVIþ 0.2470

CRP � 1 0.0050 0.0112 6.098 1.508–25
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predicts recurrence better than tumor size and pT stage do.

Pre-operative CRP level might reflect a biological potential

of RCC and predict the presence of micrometastasis in

N0M0 patients.

CONCLUSIONS

Patients with Grade 3-dominant RCC and those with RCC,

in which Grade 1 or 2 is dominant and there are Grade 3

components, have similar clinicopathological characteristic

and clinical outcomes. Even RCC patients who have Grade 3

components in the primary tumor have an excellent progno-

sis if they have neither DM nor LNM and do not have elev-

ated CRP levels (�1 mg/dl). These results may provide

important information for counseling RCC patients with the

worst-grade component regarding their prognosis and risk of

recurrence.

Conflict of interest statement

None declared.

References

1. Tsui KH, Shvarts O, Smith RB, Figlin RA, deKernion JB, Belldegrun A.
Prognostic indicators for renal cell carcinoma: a multivariate analysis of
643 patients using the revised 1997 TNM staging criteria. J Urol
2000;163:1090–5.

2. Ficarra V, Righetti R, Martignoni G, D’Amico A,
Pilloni S, Rubilotta E, et al. Prognostic value of renal cell carcinoma
nuclear grading: multivariate analysis of 333 cases. Urol Int
2001;67:130–4.

3. Frank I, Blute ML, Cheville JC, Lohse CM, Weaver AL, Zincke H. An
outcome prediction model for patients with clear cell renal cell

carcinoma treated with radical nephrectomy based on tumor stage, size,
grade and necrosis: the SSIGN score. J Urol 2002;168:2395–400.

4. Ito K, Asano T, Yoshii H, Satoh A, Sumitomo M, Hayakawa M. Impact
of thrombocytosis and C-reactive protein elevation on the prognosis for
patients with renal cell carcinoma. Int J Urol 2006;13:1365–70.

5. Japanese Urological Association. Pathological grading; in general rule
for clinical and pathological studies on renal cell carcinoma. In: The
Japanese Society of Pathology and Japan Radiological Society, 3rd
edn. Tokyo: Kanehara 1999; 73.

6. Guinan P, Sobin LH, Algaba F, Badellino F, Kameyama S, MacLennan G,
et al. TNM staging of renal cell carcinoma: Workgroup No. 3. Union
International Contre le Cancer (UICC) and the American Joint Committee
on Cancer (AJCC). Cancer 1997;80:992–3.

7. Novara G, Martignoni G, Artibani W, Ficarra V. Grading systems in
renal cell carcinoma. J Urol 2007;177:430–6.

8. Medeiros LJ, Jones EC, Aizawa S, Aldape HC,
Cheville JC, Goldstein NS, et al. Grading of renal cell carcinoma:
Workgroup No. 2. Union Internationale Contre le Cancer and the
American Joint Committee on Cancer (AJCC). Cancer 1997;80:990–1.

9. Hand JR, Broders AC. Carcinoma of the kidney: the degree of
malignancy in relation to factors bearing on prognosis. J Urol
1932;28:199.

10. Fuhrman SA, Lasky LC, Limas C. Prognostic significance of
morphologic parameters in renal cell carcinoma. Am J Surg Pathol
1982;6:655–63.

11. Goldstein NS. Grading of renal cell carcinoma. Urol Clin North Am
1999;26:637–42.

12. Al-Aynati M, Chen V, Salama S, Shuhaibar H, Treleaven D, Vincic L.
Interobserver and intraobserver variability using the Fuhrman
grading system for renal cell carcinoma. Arch Pathol Lab Med 2003;
127:593–6.

13. Ramsey S, Lamb GW, Aitchison M, McMillan DC. Prospective study
of the relationship between the systemic inflammatory response,
prognostic scoring systems and relapse-free and cancer-specific survival
in patients undergoing potentially curative resection for renal cancer.
BJU Int 2008;101:959–63.

14. Karakiewicz PI, Hutterer GC, Trinh QD, Jeldres C,
Perrotte P, Gallina A, et al. C-reactive protein is an informative
predictor of renal cell carcinoma-specific mortality: a European study of
313 patients. Cancer 2007;110:1241–7.

15. Saito K, Tatokoro M, Fujii Y, Iimura Y, Koga F, Kawakami S, et al.
Impact of C-reactive protein kinetics on survival of patients with
metastatic renal cell carcinoma. Eur Urol 2009;55:1145–54.

594 Impact of worst nucleolar grade in RCC


