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ABSTRACT
BACKGROUND:  Among the many grading systems used in Renal cell carcinoma, the most 
widely accepted one  is Fuhrman grading system, which is based on the nuclear size, outlines, and 
presence of nucleoli. This system has limited interobserver and intraobserver reproducibility due to 
many factors. Micrometer is a manually operated optical scale used for measuring cell dimensions in 
microscopy. 

AIMS:  To compare the interobserver agreement of Fuhrman nuclear grading of Renal cell                                 
carcinoma between two observers by using two methods -without using micrometry and with using 
micrometry. 

SETTINGS AND DESIGN: Descriptive study on 49 cases of Nephrectomy samples with 
diagnosis of Renal cell carcinoma and its variants in a tertiary health care centre for a period of 2 
years.

MATERIAL AND METHODS: After adequate fixation, sampling and meticulous screening of 
tumor sections; Renal cell carcinoma was first scored by Fuhrman grading system by the two 
observers and the interobserver agreement measured. Micrometry aided scoring done by the two 
observers again and the interobserver agreement between the two observers measured again.

STATISTICAL ANALYSIS USED:  The results were analyzed by SPSS software.

RESULTS AND CONCLUSIONS: The interobserver kappa agreement without micrometry is 
0.516. In the second method of grading with micrometry, the interoberver agreement was more 
(k=0.658). Interoberver reproducibility of Fuhrman grading is more, if done with more objective 
methods like micrometry.

KEY WORDS:   Fuhrman nuclear grading, Micrometry, Renal cell carcinoma

INTRODUCTION :

hat is a human, but an ingenious 

machine designed to turn with “infinite 

artfulness, the red wine of shiraz into W
urine”. So said the storyteller in Isak Dinesen's 

Seven Gothic tales. This poetically described organ 

when trapped in the clutches of cancer, displays 

many histomorphological patterns under a 

microscope. Renal Cell carcinoma is traditionally 
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known as Grawitz tumour / Hypernephroma / 

Renal adenocarcinoma / Granular cell carcinoma of 

Kidney. It accounts for nearly 3% of all adult 

malignancies globally and comprises 80-90% of all 
[1]malignant renal tumors in adult life.   This tumor 

arises   from the proximal tubules.  The clinical 

course of Renal Cell carcinoma is notoriously 

unpredictable with well documented cases of 

spontaneous regression and metastatic carcinoma 
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in unusual sites. So a thorough evaluation of the 

known prognostic factors is an essential part in the 

assessment of patients with Renal Cell carcinoma, 

for it is not only critical for the planning of therapy 

but also important in predicting the disease 

outcome. Though the stage is the single most 

predictive factor of outcome of Renal Cell 

carcinoma, it has been found that Renal Cell 

carcinoma in the same stage, particularly stage I, 

can exhibit different biologic behaviour. This is 

because various other morphological parameters 

like the histopathologic type and its nuclear grade 

determine the aggressiveness of Renal Cell 

Carcinoma. Fuhrman grading system (FGS) the 

most widely used nuclear grading system, is 

applicable to all Renal Cell carcinomas of any size 

and with any pattern or cell type. The Fuhrman 

nuclear grading system is based on nuclear size, 
[2]

shape and the prominence of nucleoli.  

Though Fuhrman nuclear grade is widely accepted 

due to its simplicity and correlation with prognosis, 

it has many draw backs of limited interobserver and 

intraobserver reproducibility. Misinterpretation of 

nuclear grades can occur due to suboptimal 

fixation, inadequate sampling, subjectivity of 

pathologists and the coexistence of two or three 
[3,4] grades in the same tumor. Micrometer is an 

optical ocular which when used along with 

microscope eyepiece helps in more objective 

measurement of cells and nuclei.  In this study the 

scoring was done initially according to Fuhrman 

grading system by two observers and their 

interobsever reproducibility measured statistically. 

To standardize the nuclear measurement and 

grading, a second round micrometer aided 

Fuhrman scoring was conducted by the two 

observers on same slides and the interobserver 

agreement by second method was measured. The 

two statistically obtained values were compared to 

know which method gets higher interobserver 

agreement.

MATERIALS AND METHODS

This study included 49 nephrectomy cases of Renal 

cell carcinoma received at the Department of 

Pathology, in a tertiary health care centre for a 

period of two years. The study was conducted after 

obtaining a Human Ethical Committee clearance 

from the instituition.

According to  the  gross ing techniques  

recommended in Rosai Ackerman's Surgical 

pathology, the specimens were measured for the 
[5]  

weight & dimensions of tumor. The tumor extent, 

size, location, gross appearance, necrosis, 

hemorrhage, invasion into capsule, perirenal 

tissues, calyces, pelvis & renal vein were studied. 

The kidney was cut in the sagittal plane from lateral 

to medial direction  and pelvis, calyces and ureter 

opened. The capsule was stripped and capsular and 

perirenal tumor extension were looked for. The 

specimen was carefully examined for perirenal 

lymph nodes. Surgically resected margins of ureter 

were carefully examined.  Samples were taken 

from tumour (minimum of 3 sections including 

adjacent kidney each of 3-5 mm thickness), Pelvis, 

uninvolved kidney, renal artery, renal vein, ureter 

(cut end) and lymphnodes. The interface between 

tumor and perinephric fat was sampled to evaluate 

perinephric fat invasion. All histologic sections 

were fixed in formalin, embedded in paraffin, cut 

into 5-μm-thick sections and stained with 

hematoxylin and eosin.Slides of all cases (4–15 

slides per case) were scored according to FGS 

without micrometry aid by two pathologists, with 

minimum 3 years experience in uropathology (the 

first observer had 4 years of experience and second 

observer had 3 years of experience). The second 

observer was blinded to the score of the first 

observer. The scores were entered in a Microsoft 

Excel sheet and the datas were statistically 

analysed using SPSS software. The interobservor 

Cohens weighted kappa was measured. A second 

round scoring was conducted by the two 
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meter. In the microscope used in this study each 

small division in reticule measured 25 micro meter 

when calibrated with stage micrometer at 400 x 

magnification. The nuclear size measurement was 

more objective and standardized in this method 

[Figure 7].

[6]
Fuhrman grading system is defined as follows :

Grade 1 Tumors composed of cells with

small (10 micro meter) round nuclei with 

inconspicuous or absent nucleoli.

Grade 2 Tumors with larger nuclei (15 micro 

meter) with irregular out lines and with 

evident nucleoli.

Grade 3 T u m o u r s  w i t h  l a r g e r  n u c l e i   

approximately 20 micro meter with an 

obvious irregular outline and large 

nucleoli.

Grade 4 Tumors resembling Grade III but with 

bizarre multilobated nuclei and heavy 

chromatin clumps [ Figure 3, 4, 5, 6].

Figure 3 - H & E 400 X Grade 1 Renal cell 

carcinoma

Tumors composed of cells with small (10micron 

meter) round nuclei with inconspicuous or absent 

nucleoli

pathologists on same set of slides after an interval 

of one year by using a micrometer. The scores 

obtained by the micrometry technique were also 

analyzed by the SPSS software.

Micrometer is an optical scale used in microscope 

for measuring the dimensions of cell. It has two 

parts-Reticule and a stage micrometer

Figure:1- (a) Reticule & (b)  Stage micrometer 

Figure 2- Micrometer calibrations

Reticule is made into one eyepiece and it can be 

used to measure any planar dimensions in a 

microscope field. Ocular can be turned in any 

direction and the object of interest can be 

repositioned with the stage manipulators. The 

dimensions are measured by noting the number of 

ocular divisions spanned by the object. Then it is 

multiplied by the conversion factor for the 

magnification used. The conversion factor is 

different for different magnifications. So the 

reticule is first calibrated by focusing on the stage 

micrometer scale. The stage micrometer used had 

calibrations for 1 millimeter which was divided 

into 10 small divisions so that each small division 

corresponded to 0.1 millimeter or 100 micron 
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Figure 4 - H & E 400 X Grade 2 Renal cell 
carcinoma

Tumors with larger nuclei (15micro meter) with 
irregular out lines and with evident nucleoli

Figure - 5 : H & E 400 X Grade 3 Renal cell 
carcinoma

Tumors with larger nuclei approximately 20 micro 
meter with an obvious irregular outline and large 
nucleoli

Figure - 6 : H & E 400 X Grade 4 Renal cell 
carcinoma

Tumors resembling Grade III but with bizarre 

multilobated nuclei and heavy chromatin clumps

Figure - 7 : H & E 400 X Fuhrman nuclear 

grading using micrometry

An admixture of more than one grade (i.e. 2 or 3 

grades) in the same tumor was seen in many cases 

and nuclear grade was assigned according to the 
[7]

least differentiated tumor area.

RESULTS 

The age of patients ranged from 20-70 years, eldest 

being 70 years and youngest was a 21 year old. 

There was male predominance in the study, males 

constituted 31 cases and females 18 cases. The 

male to female ratio was 1.7: 1 .The predominant 

variant in the current study was Clear cells 

(n=33,67.3%) followed by Sarcomatoid variant 

(n=8,16.3%), and a few numbers of Collecting 

duct, Oncocytic, Chromophobe variants. (Table 1)

The Fuhrman grading was done without the aid of 

Micrometry technique by two observers initially. 

Coexistence of more than one grades were noted in 

18 cases (38%). The first observer gave grade 1 

score in 2(4%), grade 2 score in 24(49%), grade 3 

score in 13(27%), and grade 4 in 10(20%) number 

of cases. The second observer was blinded to the 
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scores given by first observer and the same set of 

tumor slides are provided for scoring. Furhman 

grading by the second observer was grade 1 in 5 

(10.2%), grade 2 in 29 (59%), grade 3 in 9(18.3%), 

and grade 4 in 6 (12.2%) number of cases. The 

agreement between two observers was seen in 34 

number of cases(69.39%). The agreement in grade 

1, grade 2, grade 3 and grade 4 between two 

observers are 100%, 87.5%, 38.4% and 60% 

respectively. Interobserver agreement measured by 

Cohens kappa showed a kappa=0.516, the strength 

of agreement was moderate (Table 2)

Table-1  Distribution of cases in the histological 

variants of Renal cell carcinoma

Table - 2 Interobserver reproducibility of 

Fuhrman nuclear grades - without micrometry

  

Kappa= 0.516, SE of kappa =0.99,95% c 

Confidence interval from 0.32-0.711 

Concordance N=34,69.39%; Strength  -moderate 

The two observers conducted second round scoring 

on the same set of slides after 12 month interval by 

using a different method of grading using 

micrometry. Since micrometry has an optical scale, 

this method is considered as a superior method than 

the first. Both observers were blinded to their initial 

scores. For the first observer, the second round 

scoring was grade 1 in 2(4%), grade 2 in 23(47%), 

grade 3 in 13(27%), and grade 4 in 11(22.4%) 

cases. The second observer, by the second method, 

scored 4 cases as grade 1(8.1%), 25 cases as grade 

2(51%), 10 cases as grade 3(20%) and 10 cases as 

grade 4(20%). The interobsever agreement 

between two observers for the second method was 

measured which showed concordance in 

77.55%(38) cases, k= 0.658,the strength of 

agreement was good.The interobserver agreement 

between two observers with micrometry grading 

was 100% for grade 1, 91.3% for grade 2, 54% for 

grade 3 and 73% for grade 4. (Table 3)

Table-3 : Interobserver reproducibility of 

Fuhrman nuclear grades –with micrometry

Kappa= 0.658,  SE of kappa =0.088, 95% 

Confidence interval from 0.487-0.830  

Concordance N=38,77.55% ;Strength-good

Table 4 Comparison of previous studies with the 

current study.
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DISCUSSION 

The grading of Renal cell carcinoma began in 

United states in 1932 by Hand and Brodes, who 

found that a higher grade was associated with early 

death. Since the publication of this landmark 

article, there have been numerous grading systems 

by Griffiths and Thackray in 1949, Arner in 1965, 

Myers et al in 1968 ,Skinner et al  in 1971 and  
[7,8,9,10,11] 

Hjelet  in 1978. Fuhrman et al in 1982 

redirected attention to the Skinner grading system.  

He confirmed the observation of the Skinner 

grading system and simplified and refined it into a 

system of practically applicable criteria.

The system is based on the simultaneous 

assessment of three features - nuclear size, nuclear 

pleomorphism, and nucleolar prominence, without 

any objective evidence of concordance between 
[6]

these parameters.  In the Fuhrman system the 

criteria for nuclear pleomorphism are poorly 

defined and features relating to nucleolar 

prominence are subject to interobserver error. 

There is only fair to at-best moderate interobserver 

and intraobserver reproducibility for Fuhrman 
[12,13]

grading.  This grading system has been studied 

widely to find its correlation  with many other 

prognostic factors of Renal cancer like tumor size, 
[14]

stage, survival of patient etc.

Literature review shows many studies  measuring  

reproducibility of nuclear grading by  simplifying  

the  four-tiered Fuhrman grading system into a 
[15]three-tiered and then into a two-tiered schemes.    

A 2-tier system for grading is proposed for better 

correlation with proliferation markers like Ki-67 
[16] index. Since nuclear measurement is the most 

important factor in Fuhrman grading, various 

studies had been conducted comparing the FGS 

grading with the methods which give precise 
[17,18]

nuclear measurements like morphometry.  

Micrometry is a simple, easy, low cost, manual  

measuring aid used in histopathology for 

measuring cell dimensions, nuclear dimensions 

and depth of invasion in tumor like malignant 

melanoma and carcinoma breast. This has got wide 

application in Bloom Richardson nuclear grading 

of breast carcinoma, in the diagnosis of 

intraepithelial lesions in Pap smear, where it helps 

the pathologists in more objective and accurate 
[19,20]

nuclear measurements.  Even though we could 

find only one previous study of Fuhrman nuclear 

grading by micrometry, it was done in our study, 

being the only nuclear measuring scale available in 
[21]

our centre.

Clear cell variant was the predominant variant in all 

histological subtypes, followed by   Sarcomatoid 

variant. A few cases of Collecting duct carcinoma, 

Chromophobe variant and Oncocytic variant was 

also present. The frequency of histological variants 

is similar to the observations of Moch et al of 
[22]

1994.  The predominant grade in current series is 

grade II with minority of cases under grade III &IV 

and least number of cases in grade I. The 

distribution of patients in the different grades 

appeared similar to study by Medeiros et al and 
[23,24]Bretheau et al studies.

Sibel Bektaset al 2009 and Ficarra et al 2005 

nuclear grading studies were conducted 

exclusively in conventional Renal cell carcinoma 

while many other studies (Lanigan et al 1994 

,Bretheau et al 1995 and Al-Aynati et al 2003) were 

conducted on all variants of Renal cell 
[15,25,4,24,3]carcinoma.  Most of these studies analyzed 

interobserver and or intraobserver agreement by 

two or more observers [Table 4]. The current study 

has more similarity with the Sibel Bektas 2009 

priliminary study in terms of  methodology, sample 

size and number of observers and Brethue et al 

study in terms of methodology and observers. The 

interobserver agreement for nuclear grading 

without micrometry is  k= 0.516 in the present 

study, which is more than Sibel Bektas 2009 (Mean 
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κ=0.48). But the concordance rate of interobserver 

agreement in our study (69.39%) is less than 
[ 26, 24]Brethue et al study(95%).

 The maximum reproducibility without micrometry 

in the present study was seen in grade 1(100%) and  

minimum agreement seen in grade 3(38.4%).  

Previous studies shows good reproducibility in 

grade 1 and grade 4 tumors due to more 

homogenous appearance of tumor cells in these two 

grades and poor reproducibility in grade 3 and 2 

tumors. In the present study, though the 

reproducibility in grade 1 was good, the grade 4 

tumors showed 60% reproducibility only. The 

agreement between the two methods for the first 

observer with 4 years of experience (concordance 

91.84%, k=0.875) was higher than for the second 

observer with 3 years of experience(concordance 

75.51%,k=0.610) Searching for the least 

differentiated component is a time consuming 

procedure and requires screening all tumor slides 

carefully. The coexisting high grade areas in grade 

2 and 3 tumors can be missed in inadequate 
[25,26]

sampling and screening.

The need for a better standardization of nuclear 

criteria to improve inter-observer reproducibility in 

Renal cell carcinoma grading has neceesicited the 

development of grading systems with greater 

objectivity. Nuclear morphometry is the most 

commonly used system for this purpose  Advanced  

studies like nuclear morphometry based on 

MNMjD showed  higher correlation with clinic 

opathologic prognostic parameters compared with 
[17,18]the Fuhrman nuclear grading system.  The 

subjectivity of the observers can be reduced to a 

great extent by using more standardized nuclear 

measuring aids like morphometry or micrometry. 

In the present study, the interobserver agreement 

between two observers was more with the 

micrometry method (77.55% concordance, 

k=0.658) compared to the interobserver agreement 

without micrometry (69.39% concordance, 

k=0.516).  The agreement between two observers 

was 100% in grade 1 tumors for both methods. But 

in micrometry method, the interobserver 

agreement increased from 87.5% to 91.3% in 

grade2 tumors; from 38.4% to 54% in grade 3 

tumors and  60% to 73% in grade 4 tumors. 

The small sample size and grading by only two 

observers are the major limitations in the current 

study. To conclude Micrometry based grading 

helps in making more objective measurements of 

nuclear sizes than in usual grading and help in 

improving the interobserver reproducibility. There 

remains a need for improved standardization of 

nuclear criteria and further studies on micrometry 

and morphometry based Fuhrman nuclear grading.
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