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Background: Prognostic scores have been developed to estimate the risk of recurrence and the probability of survival after
nephrectomy for renal cell carcinoma (RCC). The use of these tools, despite being helpful to plan a customized schedule of
follow-up, to the patient’s tailored counselling and to select individuals who could potentially benefit from adjuvant treatment,
currently is not routine, due to their relative complexity and to the lack of histological data (i.e. necrosis).

Patients and methods: We developed a simple score called GRade, Age, Nodes and Tumor (GRANT) based on four easily
obtained parameters: Fuhrman grade, age, pathological nodal status and pathological tumor size. Patients with 0 or 1 factor are
classified as favorable risk, whereas patients with two or more risk factors as unfavorable risk. The large population of RCC
patients from the ASSURE adjuvant trial was used as independent dataset for this external validation, to investigate the
prognostic value of the new score in terms of disease-free survival and overall survival and to evaluate its possible application as
predictive tool. Statistical analyses were carried out by the Department of Biostatistics & Computational Biology, Dana-Farber
Cancer Institute (Boston, USA) for the ASSURE trial patients’ population.

Results: The performance of the new model is similar to that of the already validated score systems, but its strength, compared
with the others already available, is the ease and clarity of its calculation, with great speed of use during the clinical practice.
Limitations are the use of the Fuhrman nuclear grade, not valid for rare histologies, and the TNM classification modifications
over time.

Conclusion: The GRANT score demonstrated its potential usefulness for clinical practice.

ClinicalTrials.gov Identifier for the ASSURE trial: NCT00326898.
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Introduction

The incidence of renal cell carcinoma (RCC) is increasing world-

wide, reaching 2%–3% of all malignant cancers in adults. The

main therapeutic approach in early stage RCC is radical or partial

nephrectomy, but disease recurrence occurs in 30%–40% of pa-

tients [1]. TNM staging system and prognostic scores have been

developed to estimate both the risk of recurrence and the prob-

ability of survival after nephrectomy. These tools can be helpful

to plan customized schedules of follow-up based on the risk of re-

currence, to the patient’s tailored counseling and, in the light of

recent evidence in favor of adjuvant therapy, to better select indi-

viduals who could potentially benefit from adjuvant treatment

with targeted agents [1, 2].

European Society of Medical Oncology (ESMO) 2016 guide-

lines suggest the use of two models for the risk assessment after

radical surgical treatment: the Mayo Clinic Stage, Size, Grade and

Necrosis (SSIGN) score and the University of California Los
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Angeles Integrated Staging System (UISS) [3]. The SSIGN model

was developed to predict cancer-specific survival in patients with

clear cell RCC (ccRCC) only, whereas the UISS model was separ-

ately developed to predict overall survival (OS) regardless of

histological subtype [4, 5]. The Mayo group further developed a

distinct model, the Leibovich score, to predict disease-free sur-

vival (DFS) in patients with early ccRCC, using the same param-

eters but differentiating their scoring weight [6, 7]. Both these

systems consider T and N pathological stage (according to 6th

edition of TNM Staging [8]), tumor size, Fuhrman nuclear grad-

ing [9] and histological tumor necrosis [4, 6]. The UISS is instead

based on Eastern Cooperative Oncology Group (ECOG) per-

formance status (PS), Fuhrman nuclear grade and TNM patho-

logical stage [5, 8]. Although less used, three further prognostic

models have been reported by the literature, one of which was de-

veloped for the non-clear cell RCC population [10–12].

Despite their validation, with the demonstration of a high pre-

dictive accuracy combined with robustness across different popu-

lations, the use of these prognostic scores in clinical practice is

not routine. This may be related to a certain complexity in the

score calculation and to the lack of histological data (i.e. the pres-

ence of necrosis).

Recently, our group developed a simple score based on four eas-

ily obtained parameters: Fuhrman grade, age, pathological nodal

status (pN) and pathological tumor size (pT). In this model, called

the GRANT score (GRade, Age, Nodes and Tumor), the number

of unfavorable risk factors is summed: patients with 0 or 1 factor

are classified as favorable risk, whereas patients with two or more

risk factors are classified as unfavorable risk (Table 1).

The original version of this score was developed in a popula-

tion of 310 patients with completely resected RCC patients en-

rolled in a prospective, randomized, phase III trial comparing the

efficacy of 5 years of adjuvant immunotherapy with low-dose

interleukin-2 (IL-2) and interferon-a (IFN-a) versus observation

[13]. Subgroup analysis of the original study showed benefit from

adjuvant treatment of patients with tumor Fuhrman grade 1–2,

age�60 years, pN0 and pT3a stage. Among patients with at least

two of these factors, adjuvant immunotherapy had a positive ef-

fect on relapse-free survival (RFS) [hazard ratio (HR) ¼ 0.44;

95% confidence intervals (95% CI) 0.24–0.82; P¼ 0.008],

whereas patients with fewer than two factors in the treatment

arm exhibited a significantly poorer OS (HR¼ 2.27; 95% CI

1.03–5.03, P¼ 0.037). Based on this evidence, the score seemed

to have predictive value for relapse and a prognostic role in pa-

tients treated with adjuvant immunotherapy, albeit these results

needs to be confirmed in a prospective adjuvant trial [13].

Currently, the potential usefulness of adjuvant treatment with

tyrosine kinase inhibitors after radical resection of the primary

tumor in early RCC is controversial, in the light of discordant or

still ongoing studies [2, 14–17].

The aim of this study was to externally validate the GRANT

score in the large population of patients from the ASSURE trial

(E2805), to investigate its prognostic value and to evaluate its

possible application as predictive tool.

Materials and methods

Statistical analyses were carried out by the Department of Biostatistics &
Computational Biology, Dana-Farber Cancer Institute, Boston, USA, for

E2805 patients’ population. The goal was the validation of the GRANT
score in an independent dataset.

The parameters for the calculation of the score were the subsequent:

• Grade 1–2 versus 3–4;
• Age �60 years versus >60 years;
• pN0–NX versus pN1–N2;
• pT1–T3a versus all others (any pT3b, pT3c, pT4).

Patients were given one point for each of age>60, Fuhrman grade>2,
pathologic T-stage of T3b, T3c or T4, and pathologic N-stage other
than N0 or NX. The number of unfavorable risk factors was summed
(Table 1), and patients with 0 or 1 point were classified as favorable
risk (GRANT Group 0), whereas patients with two or more risk factors
(�2 points) were classified as unfavorable risk (GRANT Group 1).

The 6th edition of the UICC-AJCC TNM staging system was used.

Patients from all arms of E2805 were used to validate the index.

Considering the histologic heterogeneity of the ASSURE trial popula-
tion, we carried out a secondary analysis in the clear cell subgroup of pa-
tients (1538 cases), excluding all non-clear cell histologies.

Descriptive statistics were used to show the distribution of the marker
components among patients randomized to the study. The Kaplan–
Meier method was used to plot DFS by risk groups. Greenwood’s formula
was used to estimate variance for construction of confidence intervals
[18–20].

The C-statistic suggested by Pencina was used to describe concordance
[21].

Results

There were 1943 patients with resected RCC with relatively high

risk of recurrence enrolled on E2805: 17 were missing for the

GRANT score (because of missing Fuhrman grade), leaving a

total of 1926 cases included in this analysis. Of these, 639 were

randomized to sunitinib, 647 to sorafenib and 640 to placebo.

Table 1. The GRANT score: the number of unfavorable risk factors is
summed, and patients with 0 or 1 factor are classified in the favorable
risk group, whereas patients with two or more risk factors are classified
in the unfavorable risk group

Variable Score

Age
>60 1
�60 0

pT (TNM 2002a)
1–2–3a 0
3b–3c–4 1

Pathologic nodal status
0–X 0
1–2 1

Fuhrman grade
1–2 0
3–4 1

Favorable group 0–1
Unfavorable group �2

aTNM according to 2002 TNM Staging (American Joint Committee on
Cancer 6th edition).
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Characteristics of patients in the trial population are reported in

the supplementary material (supplementary Table S1, available at

Annals of Oncology online).

The distribution of the classical prognostic score elements, the

number of risk factors and the scores obtained according to the

GRANT algorithm are reported in Table 2. The distribution for

the ECOG PS and for the UISS score [22] is also shown for

comparative analysis. Overall 1117 patients had a favorable score

(group 0) whilst 809 patients had an unfavorable score (group 1).

For both DFS and OS there was a significant difference between

favorable and unfavorable risk groups (P< 0.001, P< 0.001).

The also positive results of the secondary analysis carried out in

the clear cell subset of patients (1538 cases) are reported in the

supplementary materials (supplementary Tables S2–S4 and

Figures S1 and S2, available at Annals of Oncology online).

Disease-free survival

DFS by risk group as determined by the new proposed scoring

system is shown in Figure 1A. For comparison, the figure also

shows DFS by UISS group (Figure 1B) and by ECOG PS (Figure

1C).

Concordance scores and corresponding 95% CIs for DFS ac-

cording to GRANT score, UISS and ECOG PS were, respectively:

0.589 (95% CI 0.571–0.6074); 0.581 (95% CI 0.56–0.599); 0.521

(95% CI 0.506–0.636).

Hazard ratios (HR) from proportional hazards models of the

risk groups were similar for GRANT score (HR¼ 2.04, 95% CI

1.79–2.32, P< 0.001), UISS score (HR¼ 1.84, 95% CI 1.61–2.10,

P< 0.001) and ECOG PS (HR¼ 1.29, 95% CI 1.11–1.50,

P¼ 0.001).

Overall survival

OS by risk group as determined by the GRANT algorithm is

shown in Figure 2A, which also shows OS by UISS group (Figure

2B) and by ECOG PS (Figure 2C). Concordance scores and cor-

responding 95% CIs for OS according to GRANT score, UISS

and ECOG PS were, respectively: 0.613 (95% CI 0.589–0.636);

0.590 (95% CI 0.567–0.613); 0.536 (95% CI 0.515–0.557).

HR from proportional hazards models of the risk groups with

OS as the end point were similar for GRANT score, UISS nomo-

gram and ECOG PS, respectively, HR¼ 2.49, 95% CI 2.07–2.98;

HR¼ 2.10, 95% CI 1.75–2.53; HR¼ 1.53, 95% CI 1.25–1.87;

P< 0.001 in all cases. Again, the GRANT algorithm carried out

similarly to the UISS staging criteria in this population.

Predicting benefit

In the stratified Cox models in the interaction term for the group

and treatment was tested. This was done for both sunitinib and

sorafenib versus placebo for DFS and OS. At 0.05 level none of

the interaction terms were significant (supplementary Table S5,

available at Annals of Oncology online).

Supplementary Figures S3 and S4, available at Annals of

Oncology online, show DFS by GRANT risk group for patients

treated on each experimental arm and patients treated on the pla-

cebo arm.

Supplementary Figures S5 and S6, available at Annals of

Oncology online, show OS by GRANT risk group for patients

treated on each experimental arm and patients treated on the pla-

cebo arm.

Although the main effect of the GRANT group was significant

in all models, it did not appear to be predictive of benefit in terms

of DFS and OS from adjuvant treatments administered in this

study.

Discussion

An accurate system for predicting prognosis in cancer, such as

the widely used TNM staging [23], is useful for counseling pa-

tients, individualizing follow-up, choosing treatment options,

tailoring decisions and interpreting results of clinical trials.

In the development of predictive algorithms there is often

a compromise between predictive accuracy and ease of use.

Although adding more variables and data can increase the

accuracy of a model, it also increases the complexity and may

not significantly improve its predictive ability or clinical

utility.

The UISS score was developed using the kidney cancer data-

base from the UCLA Kidney Cancer Program, with the goal of

providing a clinically simple and accurate algorithm for predict-

ing survival, using a few variables readily available in medical

practice [7]. An impediment to the widespread clinical adoption

Table 2. Distribution of prognostic factors in the patients’ population

Total N (%)

1926 (100)

T-stage 1 196 (10.2)
2 512 (26.6)
3 1195 (62)
4 23 (1.2)

N-stage 0 728 (37.8)
1 89 (4.6)
2 74 (3.8)
X 1035 (53.7)

Fuhrman grade 1 48 (2.5)
2 605 (31.4)
3 897 (46.6)
4 376 (19.5)

UISS score Intermediate high 962 (49.9)
Very high 964 (50.1)

PS 0 1518 (78.8)
1 408 (21.2)

Number of factors 0 307 (15.9)
1 810 (42.1)
2 618 (32.1)
3 178 (9.2)
4 13 (0.7)

GRANT risk group 0 (favorable) 1117 (58)
1 (unfavorable) 809 (42)

According to GRANT score, group 1 represents the poor risk patients
with two or more poor prognostic elements and group 0 represents the
good risk patients’ with 0–1 negative factors.
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and external validation of the SSIGN is its reliance on tumor ne-

crosis, a pathological variable that lacks a standardized definition

and reporting method and is not quickly available at most cen-

ters, especially in private practice [24].

A 16-gene assay to predict recurrence after surgery in localized

RCC was recently developed, but it is not currently accessible in

clinical practice in terms of cost and complexity [25].

The present study had the purpose of improve and externally

validate a new prognostic tool, originally developed in the con-

text of a clinical trial with immunotherapy in the adjuvant set-

ting [13]. Our original score system demonstrated and utilized

pT3a (versus any other stages) as a positive prognostic factor

among those treated with adjuvant immunotherapy, given that

its immunomodulatory effect on prognosis might be optimized

1.0A

B

C

0.8

0.6

P
ro

po
rt

io
n 

al
iv

e 
&

 d
is

ea
se

-f
re

e

0.4

0.2
Group 0
Group 1

0

1.0

0.8

0.6

P
ro

po
rt

io
n 

al
iv

e 
&

 d
is

ea
se

-f
re

e

0.4

0.2

0

1.0

0.8

0.6

P
ro

po
rt

io
n 

al
iv

e 
&

 d
is

ea
se

-f
re

e

0.4

0.2

0

0 20 40 60 80 100 120

0 20

UISS high intermediate risk (361 events/ 962  cases)
UISS very high risk (541 events/964 cases)

PS 0 (684 events/ 1518 cases)
PS 1 (218 events/ 408 cases)

40 60

Months from registration

80 100 120

0 20 40 60
Months from registration

80 100 120

Figure 1. (A) Disease-free survival by GRANT score risk category: group 1 represents the poor risk patients, with two or more poor prognostic
elements, and group 0 represents the good risk patients with 0–1 negative factors. (B) Disease-free survival by UISS risk category. (C) Disease-
free survival by ECOG performance status.
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in moderately advanced tumors [13]. This ‘paradoxical’

phenomenon has recently been externally confirmed with a

large Japanese cohort (n¼ 436) [26]. Meanwhile, to establish a

more versatile model, we have perfected the original nomo-

gram in the current version, namely the GRANT score, in

which pT1–T3a (versus pT3b–T4) is served as an alternative

good factor instead of the solely T3a, with the other three fac-

tors unchanged.

The validation cohort included a large population of patients

underwent radical surgery for early stage renal cancer, enrolled in a

big randomized phase III trial to receive tyrosine-kinase inhibitors

versus placebo as adjuvant treatment [15]. In this population, the
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vival by ECOG performance status.
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strength of the score was significant both in terms of OS and DFS

prediction.

Despite a concordance score quite low for both the GRANT

score and the already validated UISS, the almost identical results

demonstrate that the GRANT algorithm performs very similarly

to the UISS staging criteria in this population.

The strength of the new model, compared with the others al-

ready available, is the ease and clarity of its calculation, with great

speed of use during the clinical practice. This simplicity could

make the new score preferable to others, as it utilizes easily avail-

able parameters, fostering the communication with the patient

and favoring the follow-up planning. Based on these results and

considerations, the GRANT score demonstrated its potential use-

fulness for clinical practice.

The fact that it works just as well (even better) for the clear cell

RCC patients’ subgroup, compared with the entire population,

confirms the versatility of the model.

Moreover, considering its original development in the setting

of an immune-based-therapy, in the light of recent therapeutic

advances with the new check-point inhibitors such as nivolumab,

an anti-PD-1 antibody approved for the treatment of advanced

RCC, the GRANT score could be better applied to a population

treated with the new immunotherapy or planned to be selected

for adjuvant immunotherapy.

Future validation of a predictive value for the GRANT score,

beyond the prognostic significance, could represent a landmark

for planning adjuvant trials in high-risk selected populations of

patients with completely resected RCC, providing the key elem-

ent to select a cohort more liable to benefit from adjuvant

treatment.

The advantage to test the score in adjuvant trials, despite with

higher risk patients compared with the whole population of rad-

ically resected RCC, is the prospective feature of such popula-

tions, virtually free from bias when compared with retrospective

urologic cohorts. Anyway, the ASSURE trial enrolled a wider risk

population, also inclusive of pT1bN0 and pT2N0 tumors. This

study had several limitations. First, the Fuhrman nuclear grade,

not valid for rare histologies (such as chromophobe RCC) [8],

was employed instead of the newest grading system indicated by

the International Society of Urological Pathology [27]. Second,

the TNM classification for pT3a has been modified over time: in

2002, it was defined as the extension to ‘perinephric tissue, renal

sinus or contiguous into adrenal gland’ (T3b for renal vein in-

volvement) while in 2010 it included ‘perinephric tissue, renal

sinus or renal vein’ (the adrenal gland involvement was attributed

to T4) [8, 23]. Third, the investigation of the predictive value of

the score acquired a limited significance in the light of the nega-

tive results of the trial. Lastly, the c-index of the GRANT score is

not very high, but anyway it is slightly better than those of the

UISS score, already validated and herein compared with our

model.

In conclusion, the GRANT score has been validated as

prognostic model in a wide prospective population of

patients with resected early stage RCC, it can be useful in clinical

practice and for planning future trials with adjuvant

immunotherapy.

Further validation of the score is currently underway in other

large populations to confirm its value as a new prognostic and

possibly predictive clinical tool.
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